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Il\1 TROD UCTION

The ecologicnl importnnce of spatial heterogeneity in phytoplank-

ton populations has baon pointed out by several authors (HUTCHINSoN,

1961; MARG ALE F, 1963 ~ 1967, 1976; PLATT, 1975; PLATT & DEN r~ AN, 1975 )

However, tho statisticnl study of the heterogeneity raises many still

unsolved difficulties. Localized concentrations of plankton are frequen

tly designQtod es I pa tchGs", although in general it is very difficult

or imposs~bl0 to 8tab~i8h somo criterion that allow their exact delimi

tntion; in this con~8i,t, tha conception of a patch as an isolated appea

rance hns to bc abandonod and r3placed by more general approaches to

the study of pl2<n'<ton riietribution in nature. The methods of spectral

analysis, rocol1~lf applied to tho study of phytoplankton heterogeneity

(PLATT, 1972; DENMAN & PLATT, 1975; RICHERSoN el al.,1975; CRUZADo &
KELLY, 1973; KELLEY & CRUZ~Do , 1974, among others) have made a positi

ve contribution, alth::'Jgh, for the moment, it is difficult to find

regularities in thü cxieting results, based usually in very different

sampling procoduro3.

This work io cencornoG with the application of spectral analysis

tecniques to tho study of data sequences of fluorescence, temperature

nitrite and nitrato + nitrito concontration, obtained along same of

the transects boi~aon stations in the cruise Atlor 11, of the 'Cornide

de Saavedra l
', carried out in March 1973 in the upwelling zone of

Nt..J Africa.

METHoDS

~ater was takan from a uapth of 3 m through a seawater opening into

the angine room of thG ship, and brought into the laboratoiries by means

of a cAntrifu9Q pump ulith an approximate output of 30 1 m- 1 , connected

to 2.5 cm diamato~ p1DStic tubing. Part of the flow was derived trough

a Turnor 111 f1uo~om8te~; by a syringe noodle fitted into the tubing,

water was driven,to an ensemble of Technicon autoanalyzers recording

nitrate+nitrite· and nitrite. Tho temperature sensor is described in

BALLESTER ot al. 1972. Tho value of the variables were recorded each minu

te on papor tapo by means of a data Logger system and processed 10110

wing essentinlly the procoduros described in BALLESTER et al. 1972.

* Instituto de Inv8sti98ciones Posqueras,Paseo Nacional, s/n Barcelona-3,
Spain.
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Six data s'3ries cf 200 minutes of dur8\:ion ware considered (table··' 1)
Thecamputatianal m3thads far.sp3ctral analysis usad in this wark

were based in the'subroutines given in JENKIN & WATTS 1968; W6 chose.,

the Tukey window with a truncationpoint af 20. Ta correct Par nan-sta

tionarityin thc'data, a first difforgncc filter was appliod; in this
method, u~od frequently in the study cf time sBries (saa, far exemle,

MARGALEF & ESTRADA , 1972; LAUREC & BLANC, 1974), the series:,

x(t), t=of1,2, ••• ,N; in ~ubsit~t~d by
x'C t ) = x ( t ... 1) - x ( t ), t =0, 1 ; 2, • • • ,. N•

After this transformation, a test for stat~onarity was carried out

(YAGENSBERG & ESTRADA, in press)

RESULTS AND DIseUSSION
I

In most of the snries, the spectral desitias ware highar at the

lower wav8longths; in spite of the drastie effect of the first dift~rence

.
filter in reduckng tham. . '

. Observation! of the cohoreneo sh~d that' ~ignificativ~an zervo~euaersres_
pond SPn general' to the clower frequenc ios studied.. Fluoreseence-Temperature

coher8nc~were significiont forruns 1,2 and 3 from respectively 0.115· :
0.130 and 0.040·epm ta th~ l?west frequeney ~ansid~red (0.005 epm);

assuming a constEfrit' sp39 d of tho' ship relatfve to the 'water elose to 4.1

rn see-1, th'e astoeia"te spatial' scales would" range from approx1mately 1.9

to 50Km.; on th other hand, in runs 1', 4 and 5, signifieant eoherences
between fluores enca and temporaturo were redueed to narrow frequency in-

I . . .
tervals at int3rmodiate ar high frequoney zanes. Signifieant eohorenees
between nitrate+nitrite end tomperaturo were found in Widar.fr8queney

ranges than for. fluoreseeneo-temperature •. In this context, it· is logical
to think of phytoplankton growth as aperturbation that tends to lossen

the signifieant eoherence tha~ eoult be expeetod between nutrient~ ~nd

te~peraturD if only rnixing physical proeDsses werD aeting. The·two analy-.
zed nitrite sDri8~ behaved v~ry simil~rly ta the ~orresponding anes- of

.ni tra te+ni tr i te "but· -shatffdhigher eah8renees wi th f luoreseenee and 19wer. ,,'

with temperature (Figs. 12 and 15), as eoul~ be expeeted from the inter

ven~ion ar.phyt~plankton in the praductiörybr nitrite at sea (BLASeO;

1971, ESTnAOA, 1975).
'It~as to be pointed'out that the variability found in the se ries can

be .attributed,: not only ta the existr-mce af horizont?l heterog'eneity

("pateh1.noss") in E:l restrieted senss, but also to other phenamena, like
inte-rnal ulQves. FASHAM.& PUGH (1976) and· OErmAN (1976) diseuss .thi~_qu~~_.

tion; in our exarnples, it.is not possible·with the available date to
, . .

~tte~pt a separatl~n of the eontribution to~the·total varianee,of eaeh~~·-

of thesG posslble eomponents.

Althoughitis neeessary to be car~ful whon eomparing eonclusion
drawn by differen~ authors, duo to the wide variations in the sampling~..

seales and methods involvod, .srime·camments may be made. DE~MA~ & PLATT
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studied tha cchor3nce between Baries cf flucrescence and tem

perature and found that it was significative for spatial sca

les between 100 m and 5 Km. 8elow 1~O m, the proportion of

the total. variability was very smal1 1 fluetuations cf both

parameters would be buffered by turbulent mixing. The decrea

se of coherence for spatial seales greather than a certain

length could be caused by a predominance of phytoplankton

growth effects over physical transport mechanisms in the

production of heterogeneities, as suggested by DENMAN &
PLATT (1975) and POWELL et al.(1975)

Dur findings agree basiea1ly with these explanations,

but the diversity cf results obtained indicates that in

a. habitat as eomplex. as the ,ocean, many factors affecting

the history of the water bodies involved must be important

in determining the degree of eohereneo between actual se

rias cf biologi ;al and fisico-chemical variables.

The availablo information suggests in eonclusicn,

that at some spatial scalas distribution cf the phytoplank

ton biomass is driven by the fluctuations in the physical

environment. Howaver, th8 activity of organisms tiepends

on camplex interaetions of factors and introduces non linear

sources of variability which may beeome aPP3rent at certain

scales and distroy the coherence ~ith physical parameters.



REFERENCES

[]I\LLEST~:I1, r., A. CnUZI'.DO, f\. JULI"', ~1. f·llHJlUqUEZ c: J. Sl\Lf\T, 1972.

An~liGis cutom~tico y c~ntinuo de las cGroctor!sticos f!sicns, qu!-

micas y biol~lJica~~ dol mare rubls. T6cnicns ;intro "J.Cicrva'?, vol.1,P;11-72

GLASCO,D., 1971. Acumulnci~n da nitritoG on dator~inndos nivaloG marinos

por 8cci~~ deI fitop18ncton. Ph.D.Thesis, Univorsity of 3nrcalonn, 233~p.

CRUZA;)O,fl •.•~ J.C. !CELl?::Y, 1973. Continuous meDsuraments of nutricnt

cancantration end phytoplankton donsity in tho stJrfnco ~nter of the

'-lestern f'lec.JiterrnnoGn, l!.Jinter 1970. Thnlcssia JugoslnvicB, vol.9, pp. 19

24.

DENMA~,K.l., 1976. Covnrinbility of chlorophyll and to~paroture in the

SODe DOep-SOD,nOS., vol.23,rn. 539-550.

DENMA~,K.L. ~ T.PLATT,1975. Coharencas in tho horizontel diutribution of

phytoplcn~ton ond tomperaturo in tllO upper oconn. ~6noiros c.J~ 10 Socid

t~ Royele das Gciances do Li~90, 6 th soriAs , val. 7, p~.19-30.

• ESTRf\DI'., r1., 1976. Estudios sO;'Jre poblaciones de organismos acu.Hicos en

medio no uniforme. Ph. D. Thesis Universidad de Barcelona. 208 pp.

FASHAM,M.J.R. & P.R. PUGH, 1976. Observations on the horizontal coheren

ce of chlorophy~l'~ an~ temperature. Deep-sea Res., val. 23, pp. 527-538.

HUTCHINSON" C.~., 19.61. The paradox of the plankton. Amer;Natur. vol.95

pp. 137-146.. ..
JENKIN, G.M.& D.G. WATTS. 1968. Spectral analysis and its applications.

Holden Day, San Francisco, 525pp.

KELLEY,J.C. & A. CRUZADO. 1974. Fluctuations and interrreiatioships among

nutrient concentrations and phytoplankton donsity in Western Mediterranean

winter 1970. Rapp. ~omm. int. Mer M~dit., val. 22, pp. 121-122.

LAUREC,A. & F.BlANC. 1974. ~pplication de l~nalyse spectrale ~ la descrip

tion s~quentielle des parameters thermo-halins dans une r~gion d'upwelling

T~this, vol~6, pp.• 439-452.

~lARGALEF, R.,1963. Algunas irregu1aridades en 1a distribuci6n a escnla

pequeMa y media de las poblacionos marinas de fitoplancton y en sus ca

racter!sticas funciona1es. Inv. Posq., vol.23,pp.169-230.

MARGALEF,R., 1967. Same concepts rolative to the organization of plankton.

Oceanogr. Mar. Biol. Ann. Rev., vol.5,pp.257-289.

MARGALEF, R. 1976. Distribuci6n horizontal deI fitoplancton marino a es

cala media (1-10 km.), ilustrada con un ejemplo deI ~rea de afloramien

to deI NW de Africa. Mem. Real Acad. Ciencias y Artes de Barcelona,

val. 43 pp. 131-148.

MARGALEF, R. & M. ESTRADA, 1972. Simple approaches to a pattern analy

sis of ph~toplankton. Inv. Pesq. val. 35, pp. 269-297.



PlATT,T.,1972. loeol phytoplankton obundanee and turbulenee.
\

Deep-see Res., vol.19, pp.183-187.

PLATT,T.,1975. The physicol environement and spatial strueture of phyto

plankton populations. M~moires do 1a Soei6te RDYBl~ des Sciences da

li~ge, 6th series, vol.7, pp.9-17.

PQATT,T. & K.l.DENMAN, 1975. Speetral analysis in eeology.

Annuel Revi eill 0 f. Eco 109Y and Sy stemati.es, vol. 6, pp. 189-210.

rOWElL,T.M., P.J.RICHERSON, T.M. DILLON,B.A.AGEE,B.J. DOZIER,D.A.CODDEN·

& l.0.MVRUP,1975. Sp8tiol sealss of current speod end phytoplankton bic~

mass fluetuation~ in lake Tehoe. Seienee, vol. 189, pp. 1088-1090.

RICHERSON,P.J.,B.J.DOZIER & 8.T.MAEDA,1975. The strueture of phytoplank

ton populations in lake Tahoo., (California., Nevada).

Verh. int. Ver. Limnol., vol.19,pp. 843-849.

WAGENSBERG,M. & M.ESTRADA, in press. Nota sobre m~todos de filtraje y su

aplicaci6n aseries temporales no estacionarias da variables oce8nogr~fi

eas. Inv. Pesq.



•

cs

Resume

Analyse. spectrale de series de parametres oceanographiques

par.
* *.

M~ ESTRADA et M. WAGENS8ERG

On Q applique des techniques de l'analyse spectrale

ades series spatiotemporelles de fluorescence, temperature

concentration de nitrite et de nitrate + nitrite, obtenues

dans la region d'upwelling du N.W. D'Afrique. L'etude de la

tendance n'etant pas ~otre but, on a ~ransforme les donnees au

moyen du filtre des differences finies. Trois des se ries ont

presenteune coherence sianificative entre fluorescencB et

temperature pour toutes les frequences ~nferieures b 0.04

0.13 cycles par minute, mais les autres trois se ries ont

montre un affaiblissement des coherences dans les basses

frequences. Les coherences entre les autres paires do va

riables ont ete significatives dans les plus basses frequen

ces etudises 2 la plupart des cas. La concentration de .

nitrite presentait dos'coherences plus hautes avec la fluo

rescence et plus .basses avec la temperature que celles de

la somme nitrate+ nitrite, co~me on pourrait attendrede·.

l'intervention du phytoplankton dans IR production de ni.

trite. On discute quelques problemes concernant~les relations·'

entre la distribution du phytoplankton et les variablos phy
siquea (temperature)~
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TABLE 1. ' ·_--·,······1
. I

c:.

Data ·~uns. Le~gth of thb series was 200 minutes in all cases.

Geographie position of the transeets

I
Time (GMT) VariablesRUn Date

1 i
·16 March 1973 14:43-18:02 Fluorescence, temperature

1~ 16 March 1973 16:04-19:23 Fluorescence, temperature i
'.

2 18 March· 1973 . 00:01-03:20 Fluorescence, temperature,
ni tra te'+ni tri te, nitrite

17 0 3 18 March 1973 11:14-14:33 Fluorescence, temperature,
nitrate+nitrite

4 19 March 1973 19:00-22:19 . Fluorescence; temperature,
nitrate+nitrite

5 .21 March 1973 00~04-03:.23 Fluorescence, ternperature,
nitrate+nitrite, nitrite
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