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ABSTRACT: Evaluatlon of ph)ftoplankton pigmente In a ahallow coaatallalke aubmltted to atrong 

hydrodynamlca: comparatlve analyala of apectrophotometrlc methoda. Spectrophotometric methods 

were used to evaluate the variability on concentrations of phytoplankton pigments in 

ltapeva Lake. a shallow coastal lake on thc northern coast of Rio Grande do Sul 

(Firazill The comparison between methodologies of chlorophyll a showed that data 

from the trichromatic (00 664 nm and 663 nm) and from the total pigment methods 

wcrc significantly correlated to each other. Moreover. these methods achieved better 

results than the monochromatic methods. due to the small number of samples with a 

negalive value. The results of both methods of pheopigments determination exhibited 

seasonally the same behavior. The relationships between optical densities. before 

and after ucidification. were adequate to explain the physiological status of the 

samples. serving as a good indicator of the methods' adequacy for pigment 

detcrmination. The phytoplankton pigments presented a spatial and temporal 

distrJbution according to wind action. in which fetch had a marked elfect on 

hydrodynamics and on the phytoplankton community. 
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RESUMO: Avallao;ao de pigmento• fltoplanct6nlcoa em lagoa coatelra raaa: anAIIae comparativa 

de m6todoa eapectrofotom6trlcoa. Métodos espectrofotométricos foram usados na avalia· 

çcw da concentração de pigmentos litoplanctômcos na Lagoa ltapeva. um<~ lagoa 

costeira rasa no litoral norte do Rio Grande do Sul (Brasil). A compar<Jçào entre 

metodologias da an<\lise de clorofi la a mostrou que os dados obtidos pelos méto~ 

dos tricromáticos (00 664 nm e 663 nrn) e pelo método do pigmento total estiveram 

significativamente correlacionados entre si. Além disso. estes métodos obtiveram 

melhores resultados em detrimento dos métodos monocrornáticüs. devido ao bai~ 

xo número de amostras com valor negativo. Os resultados de ambos métodos na 

determinação de feopigmentos. geralmente. exibiram <iurante o ano o mesmo com

portamento. As relações entre denstda<1es óptiCdS, antes e após a acidificação. 

foram de extrema valia para a interpretação do estado fisiológico das amostras. 

servindo corno um bom indicndor da adequação dos métodos empregados na aná· 

lisc de pigmentos. Os pigmentos fitopl<inCtônicos exibir<im urna distribuição espa 

ÇO·ternporal em função da ação dos ventos. onde o "fetch" teve um grande efeito na 

hidrodinãmica e sob a comunidade fitoplanctônic<J. 

Palavraa-chave: pigmento. lagoa costeira rasa. metodologia, hidrodinâmica. 
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lntroduction 

The extraction and measurement of chlorophyll are procedures with severa! 

steps. each of which can be perforrned in severa! different rnanners (Edler. 1979). The 

standardization oi the chlorophyll analysis method has already been pertormed by 

APHA (1992) and CETESB (1990). and others. Tt1e ditference 1n the rnethudologies 

include the type of solvent for extraction (acetone or rnetttanol). porosity of the filtering 

membrane (Cellulose acetate or fiberglass filters). the volume of tt1e sample to be 
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filte r e d . the reading equtp m ent (spectro photomete r. fluorometer or HPLC -"High 
Performance Liquid Chromarographic"), and the type of equations (mono or 
trichroma tic). However. the method c hosen will depend o n the specific environmental 
conditions . the research goal and. especially. on existing laboratory conditio ns. 

Different interpretatlons rega rding the p igment analysis methodologies are 
d iscussed by severa! authors (Lorenzen . 1967: Edler, 19 79: Rai. 1980: Barbosa. 1981; 
Schwarzbold et ai., 1999). However these methods have been used without cri ticism. 
Rela tions in deep lakes are often valueless in shallow ones. A lthough the concentration 
o f ch lorophy ll a in shallow lakes is broadly u.sed as a phyroplankton biomass 
estimator. its general validity has not been submitted to detailed studies (Võros &. 

Padisák. 1991). 
Pheophorbide a and pheophy tin a, ·rwo common products of c hlorophyll a 

degra d ation. interfer e in the determination of c h ioroph yll a because they absorb 
light and fluoresce in the same region of the spectrum. lf these pheopigments are 
present. they will p roduc e stgntftcant errors Jn the c hloroph y ll a val ues (Moed & 

Hallegraeff. 1978: APHA. 1992). Ofte n i! is not possible to d etermine rhe m ain rype o f 
pheopigment measured, since c hlo rophyll a can be d egrad ed a long two parhways: 

c hlorophyll a -+ pheophytin a -+ pheoforbide a or c hlorophy ll a -+ c hlo rophyll ide a -t 
pheophorbide a (Giooschenko et ai.. 1972). Fecal pellets produce pheoforbide before 
pheophytin (Lorenzen. 1967) . Thus. the term pheopigment w as used in place of 
pheophytin a. 

Procedures ·ro r th e trichromatic m eth od are those most widely p r oposed 
(Volle nwe ide r. 1974 ; Raí. 1980). The Strickland & Parsons equation (196 8) for 
ch lo ro phyll a is the o ne most commonly u sed. The differences between the 
tr i c hroma tic equations a re n egligibie (<2.5%) to o bta in c hlo r op hy ll a. but the 
differences between th e equations are much greater. fo r the evaluation o f c hlorophyli t 
and c (Edler, 1979). 

For both types of equation (monochromatic and trichromatic), the readings of the 
respecti ve wavelengths shouid always b e corrected for the reading made ar 750 nm. 
Absorption ar 750 nm is u sed to correc t the absorption o f other colored compounds 
and rurbidi ty besides chlorophylls and should not exceed 0.005 (Holm-Hanse n & 

Rie mann, 19 78 : Go lterman e l ai.. 19 78). 
Regar ding the tri c hro m a tic formula of chlorophyll a. a small c h ange can occur 

as using wavelength 664nm. o r also the wavele ngths 663 and 665 nm (Jeffrey & 

Hum phrey, 1975). so. the values of the optical density a r 663nm were also be used ta 
replace wavelength 664 nm in this tric hro matic equarion (Edle r. 1979). 

When c hlorophyll a and pheopigment a ar e m easured together by Lorenzen 
(1967) m e thod. lower values of ch lo rophy ll a are produc ed in comparison to the 
trichromat ic m e thod. Ho w ever. in samples w ith high ph eopigment conrent (sediments 
and bottom water). the trichromatic method overestimates the chlorophy ll a con tent. 
Thus. the samples s ho u ld also be measured according to the monochromatic 
equ at io n . when this procedure invo lves little addirio n a l effort (Edle r. 19 79). Alsa 
c hlo rophyll a is overestimate d by the trichrom atic spect·ropho tome tric equations 
when the proportion of pheophytintc hlo rophyll increases (Rai , 1980). For future 
comparisons . it would be more useful to use monoc hromatic equation s and to adjusl 
the d ata of c hlorophyll a. 

In the method proposed b y Lo re nzen (1967), absorbance is measured o nly on 
two wavelengths (750 and 665 nm) before and after the ac idi f ic ation of the sample , 
and c hlorophy ll a and pheopigments can be calculated. This method can be applied 
to various types of aquatic environments (freshwater. estuarine and coastal waters). 
filtering a relat ively small amount of water in a short time. Edler (1979) proposed the 
same range of w avelengths variations (from 663 to 665 nm) for the trichromatic and 
monochro m atic m e thods. 

Conside ring ali the issues raise d o n the use of diffe rent m ethods to analyze 
pigm ents. it became nec essary to learn to what extent this is also va lid for ltapeva 
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Lake. Thls aquatic environment is a shallow coastal lake. wtth a rather high effectlve 
fe tch (maximum value 19.8 km during autumn 1999 and wlnter t999f, due to 

morphometry and wlnd regime in the region (Cardoso. 2001). 
The main goal of thls study was to c ompare severa ! pigment colori m e tric 

analytlcal merhods. at each sampl ing s tation in the lake. The o the r objectives were 
to dete rmine the b e havlor of the trichromarlc and monochromatlc methods for 

c hlorophyll a during each sampling; to present relations betwee n trichromatic and 

monochromatic methods and the total ptgment method; to flnd out which method 
maintains a more unHorm and ef fective response during a Iong-term study; to com

pare the oo ••• before/ODces after and oo .. , before t00663aft er acldlfication rat ios: to 
c ompare the two m eth ods pheopigment analysis and to present re lations berween 

the chlorophyll a and pheopigment methods. 

Material and Methods 

Three sampling statlons were selected In Itapeva Lake IFig.lf. In North (0615690E· 

67478l5N). Center (060335 0E-6732254Nf and South stations (0597474E-6725967Nf, 
water samples were taken· at 3 depths (surfac e. middle and bottomf a t 4 time inte rvals 

throughout the day (6 am. t O am. 2pm and 6 pmf, 

li 

Comlttos channet ,.r--... 

Figur a I : Localíon m ap o! the s tudy area. with the sampling stalíon s (NOrth. Ccnte r and South) In 

ltapeva Lake cnorthe rn coas1 of the s tate o f Rio G rande do Sul - Rrazill . 

The samplings were pertormed during a Jong-te rm s tudy: in spring (December 
15·20. 1998). summer (March 2 -7, 1999f, autumn (May 21-26. 1999) and winter (August 

14-19, 1999f. Ho weve r. water samples f o r plgme nt analysis w e re collected only three 
d ays. at 24 h intervals among them . 

The methodology u 'sed fo r water sampling. filtrat ion and exrrac tion fo llowed 

the recommendations of CETESB (19901 and APH A (1992f. Water was c o llecte d a t 
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each deplh using a hortzonral Von o o rn b o111c. Fo r each sample a volume of 250 mL 
ot wa1er was vac uum·llltered In a flbergtass fllter (Ahlstrom nr. 151. 47 mm In d tame1er 
and o. 7 11m porost1y). The frbcrglass fi lie r was immedta lety f rozen a nu kep l dry in 
lhe dark un1ll 1he rime of exrraCiions for s p ectropho romelrlc deterrnlnallon (13ausch 
& LOmb Sp ecrronic 1001 specrro pho lo m eler). A ce1one a 1 90% was used as a solvem 
for ex1ra c11on. To oblain pheophylln .J. 0 .1 mL of H CI 0 . 1 N was addcd 10 lhe sample 
d íreclly In lhe cuveue. 

The following IYP"'~ of equ allons were useel In ordcr 10 comp are lhe chlorophyll a 
concenrrattons: 1wo rrlchromallc (APH A, 1992 and Edler. 1979 ) and lhrcc monochromõllic 
equa1tons (APHA. 1092: Gollerma n e 1 ai .. 1978 and Edle r. 1979 uslng a wavele nglh or 
663nm). t"or pheoplgmem s, 1wo sim ilar equalions wcrc used where only lhe wavelength 
read dlffe red (APHA. 1992 and Golrerman e 1 a i.. 19 78). Comparisons were a tso m ade 
be1ween l he ra llos of optlcat dens•lles ínvotved (00..,.10 0 _. and OD0u tOO..,.I. b e fore 
and arter actdlflc ól l lon, f o r lhe tnelicallon of lhe phystological s1a1us of 1he sample. 
Flnally. i:ln equat lon to ob1ain l he <~mounr of ro1al p tgment In l he sample (chlorophyll a • 
pheophylinl Wi:IS also uscd 10 com p nre w lrh the other rnelhods (GOit ermi'ln et ai., 
1978 ). 

The conccnrra1lons of c hlorophyll a. b and c can bc Obla lned from the fol)owlng 
rrtchro m alic equallons tCETESB. 1990 and A PHA. 100 2 ): 

Chlorophyll a (b. Cl (IIS.l:'l • C .. ., c X V (I) 

VXL 
v vo lume (ll t e rs) of fllte.red wa1er for CXIra c rton 
v • volume (mL) o f HO% ace1one used 
L • opllcal pathway cem) of the c uverre used 
C.• II .HSX 0 660 - 1.54X 0.,.7 0.08X 0..., (2 ) 

Cb• 21.03X o .. , - 5 .43J< o ... - 2 .66X o..., (3) 

c~· 24.52x o._.., - 7.60x o.,, - r.67x o _ 14) 
n •• , . o ... and o ...,0 • opt lcal densitics cor rec1ed by 0 7:.o 

In o rder 10 ob1a1n lh e chlorophyll a and pheophylln 8 c oncc n rrallons In silmple. 
1h.., fnllowtng m o n ochro mallc equations were u s e d (C ETESB. 1990): 

Chlo rophyll a (IIS. l..' l • 26.73 co_. o .,., l x (v) 1 s ) 
VxL 

Pheo phyrtn .~ 111$.L''l • 26. 73 o. 7 o ••• - o •• ,l x (v) ( 6 l 
Vx L 

A norher monoc hromallc equalion was proposed b y Gol1e rman e l ai. (1978): 

Chlorophyll (llg L') IO'X2.43 (U'· A')XV
0 

( 7) 

I X K. X v. 
Pheophyl in (jlg.L'' l • to• (2 .43U' · 1.43A')xv. (8) 

I X K. X v. 
Tolill p lgmem cv.g .L ') = 1 0~ u·xv ( !) ) 

I X K. X v. 

u ·· opr lcal density ar 663. correc1ed (00,..,· 0 0 7..,). oblaln cd bcfore ocidlficarion: 
,.. . • OPI ICal denslly a r 663, correcre d (OD ... , · oo,.o> oblained alter acidl(lcallon. 1 • 
oplical pathway (Cml o f. lhe cuveue u sed ; v • = v o lum e o f sample C L): v • • volume o i 
ex1ract rmL): K. • coertlctem o f c hlo rophyll absorptro n CK. • 9 11 In 90% ace1one: K . • 
coefhclent o f absorplion oi pheophytln (K •. • 55) In 90\lló ace1one. 

T h c equ a 11ons desc rib ed b y Golte rman el i:!l. (1078) provtde a 10• e rror. bestdes 
lhe facl 1ha1 lhe unll atso p resen1s an e rrór or equal propo r tlon . Using rhe Goluuman 
furmu/ac (106 9), Aletxo (1981) used: a fact o r of to> In lhe numeraror (lns1ead of to• ): 
the filtered volume was expressed In L (ln s tead of mL). and rhe resulr In )lg.L·• o r 
mg.m ·> (ln sread of mg. L '' l . 
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Descriprive anC rcgression analy&IG were pcrformcd uslng progrcom ST."\riSTfCA ® . 

The slmple linear regression analysls was made to show the relalionsnlps he1ween 
rhe d;Ha obtainod frorn the d iffercn1 me1 hods. Abbrevlalions useá 10 results wcre 
lncluded in Tab. 1. 

TablC 1: Pigmen1 vttlues t") Oblalned lor uach method ICSted ln the sett.son,;l cych: in uapcv8 
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(subrorat• ncgauvc va1ues. ex tremely hlgn valucs or whhout da1a; n • numbçr uf samples): Occl1908 • 
spr,ng, Martl999• Sut'nnlcr, MttytiOOO • auiUmn. Aug/1990 .. wJmcr 
1HI664 • 664 nm ltichromatlc melhod: TH1603 · 663nM ltlch,omuuc melhod: MONOA .. monochromalfc 
rnethod tAPHA. 1992 ); M ONOC'i• monochromollc mcth<Xt o f OOIIerman e1 ut. ( 1978): MON0663• 6ff.:Jnm 
monochrumatlc me1hod: 0066+1065 rauo be1ween oPIICdl ttensltles a1 864 ontJ 6G5 nm: 0Db63/66·3 • 
ratio be1ween ot:uical d cnslltes a1 663 nm. PHEOA• pheopJgmerus accordlng 10 Af'HA (1 002), PIIEOG· 
pheop•~amen• deu::rmlmnton according 10 Oollewnm et al. (107tH: TPI<f • Total plgmem cúollermõ:tn ct ai . 
1078). 

Resulta and Dlscusslon 

An•lysle of çhlorophyll • 
Comparlng the melhods (Tab. 1). the Tri6t;4. Trl663 and T Plg merhods achleved 

the smallesr sourcc of error. due to the small number ot samples wllh a negatlve 
value. On the other hand. In ali monochromalic me1hods. negatlvc values were alw.,ys 
found In ;m seasons. The highesl rille of negative valves was recordcd In wlnrer. l.ind 
thls was llnked to thc senescence oi lhe p hyloplankwn. senescence may ttave occ.urred 
both due t o intrinsic conditio n s In the commuulty (life cycle. seasonal change) i:lnd 
as a functlon of adverse environmemal condi lions. such as hlgh oflecllve te1ch. low 
temperature. increasod turbid lty and suspendcd soll<ls. whlch reduced lhe euphollc 
layer (Cardoso. 2001). Ne~atlve values may be rel;u.-.<1 tn rhe 7SO nm wavelength 
readlngs. because tho lnterference caused by inorganic substances w;,s 110 rernoved. 
sinco the turbidlly values were rather hlgh (mcan ot 55.4- to 27o.6 NTU). Thus. Edler 
( IQ79) and Rai"s ( l gSOJ su~gestlons 10 u se monocllrom HIIC cquéi t lons m ay n o t be 
appllc<tbl e in an erwlro n menr Wilh lhe hyd rod ynamlc characlerisliCs of lla p eva lake. 
Ex t reme ly high values (much higher lhan 100 J48.L') were recorded mainly tor the 
sprlng. except ustng lhe Tri663 and TP1g merhods . The broadest range of dara was 
recorded in spring and the smalles1 in summer (Tab. 11 and IIIJ. on the other hand. lhe 
behavlor in aurumn and wlnter was vory similar (l'db. IV and V). The seasonal behavlor 
was re la led to wlnd ac11on on the lake hydrodynamlcs. Durlnt:~ spnng. llle f requcnt 
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wind oscillatlons disturbed the system. reflected directly on changes In phytoplankton 

density. on the other h and. In summer the Iow veloclty and the same wind dlrection 

(NE quadranl) promoted a h ydrodynamically· mor e stab l e environment. The greatest 

simlla rity of the phytoplankton pigments values between the cold seasons was r e lated 

to the arriva l of cold fronts in the region (Cardoso. 2001). 

During the spring (Dec/1998) the resu lts obtalned uslng the T rl664. Trl663 and 

TPig m e thods were very s i milar between t hemselves: t he same occurred between 

monochro m at lc methods (Flg. 2a). Highe r values were obtalned using the 

monochromatlc methods. but Iower dat a were found using Tri664. Tri 663 a nd Tplg 

T able 11 : oescriplive analysis or the plgmenl values (1'!1-L"'l In rela1Jon 10 lhe lested me1hods. 

durlng the spring (DeC/ 1998), In ltap eva Lake (fo r lhe abbrevlatures. see Table I ). 

Statlona 
Chlorophytl • OD rdo ptt.opieMonta 

Mean 39.10 39.15 49.91 50.11 

Standard deviatlon 24.06 24 .08 36.88 37.44 

Minlmum 

Maxlmum 

N 

Mean 

10.29 10.15 3.42 2 .99 

102.49 102.06 117.93 118.3 5 

ae 1e •• 11 

34.43 34.57 62.45 63.08 

Standard deviatiOn 20.64 20.77 33.85 34.1 4 

Minlmum 

Maxlmum 

N 

Mean 

10.25 10.11 7.59 6.94 

97.84 98.32 119.64 120.16 

18 ,. 
30.38 30.4 7 47.49 47.98 

Standard devtatlon 14.72 14.89 30.42 30.54 

4.81 5. 77 6 .52 

58.44 107.56 108.31 

Mlnlmum 

Maxlmum 

N 

5.15 

58.11 

11 11 11 11 

50.16 

37.4 7 

2.00 

118.47 

u 
63.14 

34.17 

6.95 

120.29 ,. 
48.03 

30.57 
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108.42 
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1.95 

0 .43 

8.5 1 

11 

2.19 

2.66 

0 .18 

10.32 

11 
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1.92 

0.00 
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111 

2.27 

1.00 

0.42 

8.75 

11 

2.19 

2.64 

0.18 

10.32 

lt 

2.25 

1.98 

0.00 

7.49 

11 

41.46 40.95 39.80 

23.26 

0.53 

82.77 

18 

2 1.82 25.32 

3 .42 8.26 

81.69 100.8 1 

18 18 

60.09 59.13 35.60 

31.59 3 1. 11 22.44 

0.02 0.95 7.52 

98.59 98.10 104.31 

I I 10 

34.97 36.68 31.45 

37.60 

0.63 

98.38 ,. 
36.78 15.97 

1.72 5.23 

96.77 60.92 

u 11 

Table 111 : oescrlpllve analysis or the plgmen t values (I'!I·L·'I as compared wllh lhe tested methods 

durlng lhe summer (Mart i9QQ) at ltapeva Lake (for the abbreviatures. see Table 1). 
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Chlorophvll • OD ratlo pheople~nanta 

Trlll114 Trlllll3 llonoA llonoO llonollll3 11114/11115 11113/11113 PloeoA PheoO TPie 

M ean 7.4 8 
Standard 
devlatlon 3 .13 

Minlmum 3 .66 

M aximum 17.08 

N 11 

Mean 6.65 
Standard 
d evlation 2 .19 
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0.00 

67.36 

18 

12.09 

8.35 

1.39 

34.86 

lO 

5 .86 7.37 

4.5 4 3.29 
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me1hods. Rcgrcsston analysls showea a very s1rong linear relatl on5h ip between Trlnn4 
and Trl663 methods (r • 0.999: p•O.OO I). Trl664 and TPig methods (r•0.998: P •O.OOI ) 

and among the monochroma1lc method5 (r • 0 .999 and t: P •O.OOI ) (Tab. VI). Significam 

relallons were also fo und between mcthod Tri664 a nd the monochromauc ones 
(p•O.OO I), bu1 wllh a smalle r correlahon among the se (Tab. VI). 

Table IV: OesCt lf"Uiv e analysls of lhe v alue s o f ptgments (..S L.') a s 10 lhe ICSICc:J me1h od:s. durlng 

lhe au1umn IMdylf9991 81 llupeva Lake (for lhe al)btCvl aiUres. soe T<lble h. 

Chlorophytl • OD r.tlo ph!opllmenta 

Mean 15.44 14.82 

Slanóard oev1a11on s. 75 5 88 

Mlnlmum 3 .04- 3.53 

Ma><imum 

N 

3l.45 33.~ 

Mean 

SlanOard dCVIaliOO 3 .61 

Mlnlmum 0 .95 

Maxlmum 15. 26 

N M 

at 
8.47 

7.15 

o. os 
43.13 

" 

8.03 

5 .58 

0 .00 

21.38 

" 5.54 

4 .8 1 

0 .00 

32.45 
l7 

8.60 

5.81 

0 .00 

22.43 .. 
6.52 
4.46 

0.00 

17.00 .. 
Mean 12.45 12.31 10 .01 9.75 

SlanOard devlallon 7 .01 6.118 7 .67 6.88 

MJnlmum 0.26 0 .26 o.oo o.oo 
MaXímum 30.80 30.80 28.87 28.84 

N H H H at 

8.70 

5.82 

0 .00 

22.45 

H 

6.53 

4.40 

0.00 

17.11 

•• 
9.76 

6.89 

0 .00 

28.87 

at 

1.27 

0 .23 

0 .80 

1.88 

•• 
1.32 

0 .47 

0 .3 1 

2.40 

M 

1.36 

0.63 

0 .00 

3.00 

H 

1.29 

0. 24 

0.67 

1.87 

at 
1.40 

0.46 

0 .67 

2 .50 

M 

1.42 

0 . .50 

o.oo 
2 .60 

H 

12.75 

7 .4.5 

1.71 

28.55 

M 

7 .50 

9 .4() 

0.21 

• 3 .00 .. _ 

6.9:Z 

6 .43 

0.00 

22.77 

•• 

16.04- 1410 

16.00 !'õ. 71'1 

185 3.06 

73.19 3õl.09 

u at 
5.12 7.06 

5.26 3.85 

0 .20 0 .118 

22.55 16.70 

·~_!L 

9 .07 11.53 

9 .20 6.73 

0,92 0.00 

34.20 29.80 

! 7 H 

Table V: ocscrlp11ve ilnalye;ls or lho p1gmen1 vulu e s 11'8 L 'l 10s to l he 1es1ed memuu~. uurmg lhe 

wlnlcr (1\ullllgggl a1 11apev11 Lake (fo r lhe 3bbrevl.llures. s e e Tllble 1). 

X 

1: 
o z 

Mean 
Slanclard 
devladon 

Mlnlmwn 

Ma ><1m um 

"' 
Mean 
Slanclard 
deVIatiOO 

Mlnlmum 

Maxlmum 

f:l 

Mcan 
Slan<San:l 
devlatlon 

Mlnlmum 

Maxlmum 
N 

Chlorophvtl • OD r8do pheoplgmenta 

18.04- 17.85 8. 12 

S. 75 5.65 5.01 

G.O+ 6 .04- 0.00 

28.18 28.66 23.52 

8..50 

3.82 

353 

16.74 .. 
7.53 

2.57 

3.60 

12.38 

•• 

8.74 

3 .68 

3 .53 

16.74 .. 
7.41 

:3.60 

3 .21 

13.33 

•• 
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0.00 

13.00 

tO 

l.l3 

1.22 

0.00 

4.28 

I! 

8.41 

5 .10 

0.00 

23.50 .. 
2 .05 

2. 11 

o.oo 
6 .4) 

li 

0 .99 

0.81 

0 .00 

2.14 
I! 

8.42 

5.11 
0 .00 

23.5~ 

a a 
2 .05 

2. 11 

0 .00 

6.42 

ti 

0 .99 

0 .1!1 

0.00 

2 .14 

I! 

1.20 

0 .13 

0.72 

1.54 

lS 
0.06 

0 .10 

0.64 

162 .. 
0.94 

0 .14 

0 .71 

1.36 

u 

121 

0 .14 

0 .76 

1.55 

u 
0 .95 

0 15 

0 .64 

1.33 .. 
0.00 

0,16 

o . .o 
1. 10 

'' 

16,'78 

3.4 ) 

7.16 

22.00 

n 
14.75 

5.04-

1.1:12 

23.00 .. 
14.52 

5 .07 

3.06 

31.86 ,.. 

15.46 17.38 

3.56 5 .40 

6 .21 5.71 

22.6 4 27.69 

" u 
14.+4 8.12 

4 .13 3 .51 
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21.20 17.14 .. .. 
15 .20 7.35 

5.18 <1 .82 
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32.01 14.07 .... 
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During the summer (Mar/1999), the values obtained among Tri664, Trl663 and 
TPig methods pr~sentcd the same b ehavior of p revious sampllngs (Fig. 2b). t\ lmge 
part of thC values o btalned by T'ri663 method was closer to Tplg method. Highcr 
correlalions were found between Trit>t54 and Tl'l663 me::thods (r •O.f!R4; P•O.OOI) and 
bctween MonoG and M ono663 methods (r - 0 .958: P •O.OOI), althouglt signific<~nt 

relalionslllps among the other m e lllods were also recordcd (Tab. VI) . 
In <~utumn (May/19001 (Fig. 2c, Tab. IV) and wlntcr (Aug/ IQQ9) (Fig.s. 'l'ab. V) . vcry 

similar values among the mclhods were found. Uncar behavlor and similar 

c orrelalions were detcctcd. Usina Tl'l664 . Tr i663 and TPi$1 methods. valucs were 
higtu;:r in comparison 10 Ih~ othcrs. both in autumn and in w lnter. 

(b) 
110 

00 

10 

50 

30 

10 

·10 

.. ..,_ 
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o 2$ .... 75" 
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Pis;(ure 2 : Ol.sulbutlon oS thc piQmenl Vl.\lues (t&)o(. l. 1t IOr each method 1ested In lntpevn Lake : <a) 

•t>rlng (Oec/ IQill:ll. (h) summcr t ll4afii099J, ICI a .. numn (MayttOOOI. (di wln1er 1/\U!!IIOOil). 

w or 1he ahhrcvl"lion. s ee tho leRend or T~blc IJ. 

Regardlng thc spmlnl scale. some parllcularlties were found. During the spring 
(Uec/19QR). a decreasing gradient of values obtalrtCd by T'rl664, Trl663 and Tplg mcthorts 
was ob served in the N-+S axis. ourlng thc summer (Mar/1999). the g radlenr was invertcd 
(Tab. 11 and 111). The spring gradient was relmed to phytoplanklon densi ry. However. 
lhe summer conditions prcsented s lgnlflcant hydrodynamic lnfluence (Cardoso. 2001 ). 
t\ hlgher conccntrarion o f nUtrients (N and Pl occurred In the south s tiltlon and th e 
phytoplanklon cornmunl ty increased In 1e::rrns OI photosynthellc pigments. but not m 
dcnsíiy levei. Concernlng thc mono chromatic melllods. lhe va lues were hlgher in the 
Center srattOn durin~ the spring. while in the summer a d ec rcasc was observed (Tab . 
11 and 111). H lgh concenrra tlon of chlorophyll was related to the grcatcr l requency of 
wlnds In the w dlrecllon. on the orher hand. durlng the summer there was a markcd 
displacemcnt of the b lomass lrom the Cenrer tO sourhwards. sino~ rhe NE d l rccllon 
wlnds p roduccd a letch larger frorn C-+S (1!>. 6 km) than from lhe N-+S (10.8 krn). 
uuring lhe 'autumn (May/199fll. lower concenrrations were observed In lhe Cente r 
statlon . uslng ali the methods (Tab. IV). Blooms oi Anabaenl:l clrcinalis were found In 
lhe au tumn and th~ hlghcst densllles of phytoplanktnn occurred ar lhe North and 
Sou th sampiUng s tatlons of the lake (Cardoso. 2001). Durlng the wlnter {AuS/ 1999) 
similar data using ali rhe melhods werc found. when the d~creasing N-+S gradlent 
was also ob s erved (Tab. IV). Thus. durlng lhe c old se<~sons of the year (May/1999 
and Aug/ 1099), greater homogenelty of the v<~lues among the mcthods was observed. 
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while during 1he warm seasons (Dec/ 1998 and Mar/ 19991. lhere was a c lear dlfference 

in lhe resulls be1ween rhe trichromaric and monochromatic merhods. 

The close relationship between the Trl664 and Trl663 methods (Tab. VI) during 

ali the sampllngs suggesrs that borh trichromalic merhods reproduced rhe same 

values. The l rlchromalic methods aciUally evaluated lhe amount of 1o1al pigmenl in 

lhe sample and no1 only chlorophyll a (CETESB. 1990; APHA. 19921. However. lhe 

TPig method was more advanlageous in lhe case of ttapeva Lake due lo; I) lhe faster 

Table VI; Correlation matrices (r- of Pearson p•0.05. n·l08) between the plgmenl values of the 

tested methods during the seasonal cycle at ltapeva Lake (for the abbrevla lures. see 

Table f). 

Perlod 

TRI664 

TRI663 1.00 

MONOA 0.530 0.534 

Sprlng MONOG 0.532 0.536 1.000 

(Dee/19981 MON0663 0.532 0.536 1.000 1.000 

00664665 0.486 0.486 o. 708 o. 704 o. 704 

00663663 0.483 0.484 o. 709 o. 706 o. 706 

PHEOA 

PHEOG 

TP1G 0.998 0.998 0.536 0.538 0.538 

TR1664 

TR1663 0.984 

M O NOA 0.281 0.254 

Summer MONOG 0.231 0.245 0.250 

(Marl1999lMON0663 0.685 0.753 0.481 0.958 

00664665 0.382 

00663663 

PHEOA 

PHEOG 

TPIG 

TRJ664 

0.261 

0.253 

0.502 0 .454 

TRJ663 0.958 

MONOA 0.753 0.710 

0.569 

Aulurnn M ONOG 0 .780 0 .792 0.900 

0 .519 

0.287 0.564 

<J.529 0 .381 

0 .752 0 .243 

(May/ 1999lMON0663 0.780 0.792 0.900 1.000 

00664665 0.488 0.332 

00663663 0.344 0.409 

PHEOA 0.215 0 .343 

0.320 0.299 

0 .332 

0 .409 

PHEOG 

TP1G 0.954 0 .995 o. 723 0.805 0 .805 

TRI664 

TRJ663 0 .990 

MONOA 0.878 0.818 

Wlnter MONOG 0.901 0.900 0.973 

(AUSI19991MON0663 0.901 0.900 0.973 1.000 

00664665 o. 780 o. 724 0.888 0.909 0 .909 

00663663 0 .811 0.830 0 .670 0.946 0 .946 

PHEOA 0.399 0 .458 

PHEOG 

TP1G 

0.273 0.255 

0.991 0 .999 0 .827 0.908 0 .908 

0.998 

·0.894 

·0.888 

0.483 

0 .858 

·0.786 

·0.427 

·0.239 

0 .835 

-0.635 

-0.319 

0 .806 

0 .735 

·0.892 

·0.887 0 .999 

0.480 

·0.628 

<J.412 0.927 

-0.408 

·0 .582 0.549 

0.345 0.250 

·0.225 0.734 

0 .829 0.450 0.261 
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reading at. only two optlcal d ensi ties, as compared to four optical denslties of the 
trichromatic method; and 2} the smaller error involved In the method. This was only 
true as compared to Trl664 method, since the Trl663 method reproduced the same 
percentages exhiblted by data from Tpig method throughout the year. Thus, the 663nm 
wavelength was the determintng factor to lhe improved performance of resulls. 

Concerning the trlchromatlc method proposed by Jeffrey & Humphrey (1975). 
small change In the determtnation of chlorophyll a can occur when a measurement at 
the 664nm wavelength ts made. They suggested that the reading can be made In the 
663 and 665 nm range, using the peak value reading of one of these three Jengths. 
dependlng on the sample. When the 665 nm wavelength reading was not avallable. 
the oo 663nm value was applied in the equation. Comparing lhe readings between 
00664 and 663nm. the chlorophyll values oblalned using a 00663 w ere higher than 
to those of 00664 (Fig. 3) in sprlng and summer. and the opposite occurrtng in autumn· 
winter. The close relatlons between the trichromatic methods are due to the high 
percentage of sim ilar values of these optical densities. espectally in summer and 
winter. Although in sprtng, the values oblained with 00663 were not slgnificantly 
higher. In the autumn, the results between the trichromatlc methods were funher 
apart. and the same was observed for the oos and the percentage of negative values 
recorded at 00663. lt should be stationed out thal in aulumn cyanobacleria bloom 
occurred, which was a tactor lhal influenced lhe peak readJng of 00. Thus, no significant 
difference was found between the two trichromatic methods for ltapeva Lake. 

Sprlng (Decl1998) Summer (Mar/1999) 

Autumn (Mayi191Kl) Wlnter (Aug/1999) 

Figure 3; Frequency of m axtmum peak occurred between optical densitles 663 and 664 nm . durtng 

each seasonal campaign at ttapeva L.ake. lequal• values equal between OD663 and 

OD66•J. 

The same lnterprelation for the oplical densities of the trlchromatic methods 
can be applied to the monochromalic melhods. The high linear relationship between 
values from the MonoG and Mono663 methods was attributed because the same 
waveleng th was used and lhe unsignificant differen ce in the equation (factor of 0.03). 
Oue to lhe a hlgh percentage of negative values In al i the samplings. the monochromatic 
melhod is nol recommended at leas1 In the case of Itapeva Lake. 11 is a shallow. 
polymitlc coastal lake, and also it is submitted to a s trong fetch effect and thus. 
affecting the physiological sta te o f the phyl oplankl on communlty (Cardoso, 2001 ). 
Therefore. lhe total pigment method(TPig) of Gol te rman et a i. (1978} is considered 
the most effective spetrophol ometric analysis. 

10 CARDOSO, L DE 5 . .. MOTTA MARQUES. O . DI\ Evalualion of phytoplankton pigmems .. 



 

Pheoplgment Analy .. a 
T h e methods used (Tab. 1) presented the same e rro r emphasized by Moed & 

Hallegraeff (1978). However. better results were found in wlnter. Negatlve and exlremely 
high va lues o ccurred in sp ring due to the ratlos concerning the optical denslties 
readlngs. The errors were p robably re lated to hydrodynamic aspects. whlch may 

have damaged th e phytoplankton cells as a result of frtctton . As a result. the highesl 
seasonal mean was produced in sprlng. The results of both methods tested usually 
presented the same b eh avlo r durlng lhe y ear (Figs. 2 a to 2d). In w lnter (Fig. 2d). a 
large part of the values was loca led between th e distrtbutlon l imlts considertng the 
periods (Figs . 2a to 2c). In winter. the environmemal conditions contributed to the 
great alga! senescence. A highly signlflcant linear relatio nship w as observed between 
merhods (p<O.OOI ), and the highest correlat tons (Tab.VI) occurred In spring and in 
summe r (Tab. !! to V). 

B o th methods exhlbi ted the sam e spat ia l behavtor in the w arm seasons. In 
spring. the highest mean values occurred in the Center s rarion, the same behavior 
was observed for the monochromatic merhods for c hlorophyll a dererm tnation. 
Probabl y, lhe hlghly frequenr w wlnds induced accumulation o f ch lorophyl l at this 
site. There was also more d isturbance because of rhe high effec tive fetch (14.7 km). 
In summer. bolh lhe values of the pheoptgmenl melho ds exhlblted lhe lnc reasing 
gradienl N-+S, as a direc 1 response to hydrodynamics. due to the more constant NE 
winds . For autumn and w lnrer. the spattal distlnc tlon between the values was p robably 
related ro th e presence o f cyanobacteria btoom s. Although it was more inrense in 
aurumn. in wtnte r i r was sporadically repeared in winrer (Cardoso, 2001). This appears 
to indtcate that a lga! growth and senescen ce are constantly fluctuatlng tn the 
deve lopment of a bloom. and may also be concurrent. Thus. the pheopigment analysis 
method s during rhe blooms appear to be more sensitive than those of c hlorophy ll. 

The refore, during a bloom ir is essential nor only to monitor chl orophyll a and rhe 

orher pigments of the spectes involved. but also to determine pheopigments tn order 
to v e r lfy the senescence o f phytoplankton. 

T h e results (Tab . I ) confirmed the observations of Moed & Hallegraeff (1978) rhat 

ir is dlfficult adopr acidification procedures In the routlne analyses of pigmenls. Due 
to a number o f uncertalnries and complicatlons, such as nega tlve or very high 

pheoptgment values and derermintng acidificatlon r ates o ver the value o f 1. 7 (upper 
limit p ro posed by Lorenzen . 1967), 11 appears to b e a further indication that the 

readlng at 750 nm did not exclude the h igh turbidity effect fro m the samples. 

Relatlonahlpa Between Plgmenta 
T h e smallest mean values o f Pheo/Chl a (APHA. 1992) w ere found tn s pring. 

inc reasing seasonally towards w lnter (Tab. VI!). However, no spat lal gradtent was 

obse rved berween the samplíng stations as observed to c hlo rophyll a and 

pheopigmenrs. T he highest mean values occurred at the Cenrer statlon in winter. The 

Pheo/Chl a was computed slnc e chlorophyll a ls overestlmated b y the 

spec trophotometrlc trichromatic equ ations. when the pheo phyttnJchlorophyll ratto 

increases (Rai. 1980). High lncreases were not observed In the North station because 

the data distrlbution was small during the year. and thus the chloro phyll a 
c o ncenrra tion s were not overestlma ted . On the other hand in the Center s tatton . an 

overesttmat ion occurred In summe r and autum n . because the ranges and standard 
devlatlons w ere larger. In the South station, a larger range of the data occurred in 

spring a nd in autumn. However, the range durlng autumn. in th e Center and South 

statíons. can be llnked to physiologtcal aspects o f cyanobacrerla blooms and nor to 

an overeslimarion of c hlorophyll a. 
Chlorophyll a concentrations are overes timated when the p heopigment ratios 

are hlgh, as in rhe case of Saquare ma Lagoon/RJ (Moreira. 1989). The overestlmatlng 
of c hlorophyll a must b ecome criticai when it is related to the relative densities o f 
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Tabl c VIl : t>heopiRmenls and chlorophyll o (Pheo/Chl 111 and chlorophyll 1ypc rallos I CUJ e biDI '" 

cé:l ch st:ttíO<" duung th e seasonl'l l c~·clc at IUtpcva L...Uke . 

Sprlns t uMmor Autumn Wlntor 
STATI ONSI Doo/ 18 8 8 llarlt888 May/18a8 A Mg/18ae 

LAU Ptloo/ C:III• C:ltl C:tll Ptloo/Ctlla Chl C:hl Ptloo/CIII• Clll C:lll P hoo/C:hl• Ctll Chl 

Mean 0 .81 0 .030.68 0.97 0.090.30 1.07 0 .02 0 .36 1.67 0 .01 0 .. 25 

Sd 1.74- 0.010.38 3.01 0 .400.42 2.09 o .os 0 .62 0 .78 0.01 0.23 

Lake Mtn o o 0.02 o o o.oo o o o.o<> o. l<! o o 

Max 9 .90 0.061.62 30.02 3.09 2 .11 13.94 0-~0 3 .54 3.05 0.06 1.08 
_ _ NL!_ __ __.,,.o ... a __ .,o,o'--'9~2.__-",o2 72 68 10s 3o 36 R6 81 ~ 

Me<lO 0.70 0 .020.57 0.36 0.010.30 0.88 0.01 0 .2 1 1.04 0 .0000.15 
Sd 1.20 0 .01 0 .31 0 .56 0.010.32 0 .60 0 .000 0 .11 0.47 0 .0 1 0 .12 

NOf\TH Mln O O 0.13 O O 0.04 O O 0.02 0 .2o O O 

M<IX 3 .R4 0.04 1.09 2.63 0.04 1.00 2.24 0 .01 0.33 3.12 0.03 0 .48 

--~3~6~-~3~1L-~3~1 _ _ ~3~6 --~<!~7~2~·L--~3~5~--~7-~7 __ ~3~32_ _ __ ~ 

Mean o .sa 0 .030.77 1.60 0 .01 0.19 1.501 0.02 0 .58 1.97 0.01 0 .30 

Sd 1.83 0.020.42 4.02 0 .01 0.19 <!.74 0.03 0 .83 0 .78 0 .01 0 .20 
CENT13RMin O o O O O 0 .01 O o 0 .0 1 0.12 O O 

Max 5.85 0.061.62 30.0<! 0.030.95 13.04 0 .12 3 .G4 3 .R5 O.O<! 0.86 

N 30 26 . .-2._,7'---- -'3,;6.._ _ _..2.,3'-'2"'6"---"""·~;,.4 _ _ 16 18.._ __ ,._228'------"'2..._1_ .. 2"'-4 

Mean 0 .8G 0.030.74 0.95 0.260.45 0 .82 0.03 0 .10 2.0<! 0.01 0.29 

Sd 2.13 0 .01 0 .36 1.05 0 .700.63 2.30 0 .08 0 .11 0 .65 0 .01 0.30 
SOUTH Mln o o 0 .21 O O o o o O 0 .61 O 0 .02 

Max 9 .90 0.06 a.so :l-'iO 3.09 2.11 13.85 0 .30 0 .3 4 a.32 0 .06 1.08 
____ ......,N,__ _ _ _,.,3,_,6 __ 33 33 30 22 21 36 13 11 35 33 34 

phy10pJank1o n . Anolh~r study in Saquarema U'lgoon revealed thal thc high values of 

Chl atPheo were re la te d to the tlm~ (days} af1e r w eél tht:r changc. Jndlc<ulng u r.,st 

recove ry of thc communi1y (Domingos. 1991). 

However, an overestirnation of the chlorophyll n concentratlon appcar 10 h;we 

occurred only on two délys during the summer i n lhe South s1a1ion : on March 2 . at 2 pm 

on thC surface (C:hl cta•l.3} and in the middlc (Chl CliJ • 3 .1) of lhe water column . whcn 
the ratlo was J.( re ale r than 1.0 a s proposed by Loflus & carpcntcr (1971}. In fa c t the 

rnean ra lios were a lways low In a li the sampl ings (Tab. VIl). slnce the average v~:~luc 

of c hloroph yll c was also very low. 

On the o ther ll~:~nd. lhe overest lmatlon df phe opigments w as cspecially recorded 
in sprlng (Tab. VIl). s ince the chlorophy ll b 10 chlorophyll ;1 (C:hl b t a) rallo was hl$1her 

than 0.4 (accordtng 10 H olm-Hanscn & R lem an n , 1978). An ovcrcsaimation was found 

at ali sampling s talions for over 50'lt. of the values In spring. N o overestimatlon of 

phcoplgments occ urred during the a u aumn at lhe N orth and Souah Sélmpling staalons. 
Ali lhe oth c r <.:hl bJO rolios were hlgh6r than 0 .4, .. specially at lhe center Stallon 

durlng the autumn. when a peak o ccurred. 'fhese d a 1a indicate thm a large pi:irt of thc 

pheoptgments dld n o t originate from the phytoptankaon bua from i:inother plant source. 

In sprlng. ahe reproductlve strucaures of thc p lanas a re formed and many oi these 1:1 re 
transponeó hy the wlnd. The htgher values ar l h e Center stat ion w c rc rclmed to lhe 

trans p o rt of lhe plant fragments lhro ugh the dralnage basin by T rês Forquilhas rlvt: r 

(Flg. 1). Other ~ource ls lhe small ~tand of aquallc: m<lcroph ytes In lhe littoral :~:onc . 

OD884/885 versua OD8831883 Ratlo. 
Throughoul 1he ycar (rig . 4 ). lhe 00 -• and 0 0 _, ra1 ios were very similar 

and lhe minirnum valucs were a lways recorde d fo r the sou1h s t a tl o n (Tab. 11 10 V). 

Thc upper limit of lhe ratlos was hlgher i n spring ROó sum mer. and most of the da1a 
were ctoser to lhe lo wcr limit. On lhe o aher hand. In auturnn and winler the range of 
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the data was smaller and less asymmetrica l. but the distrlbutlon differed greatly 
between the ratios. 

Negative and extr~mely high values of the ratios were a lso found in spring and 
Jess f requently in a u tumn and w inter (Tab. 1). This ratio was adequate to speculate 
about the phytoplankton physiological s tatus. 

When a pure chlorophyll a solutlon ls converted lnto pheophyt in a by 
acidification. the p roponion of the absorptlon peak (00 

664
,
665

) o f 1. 70 is used to 

correct the apparent concentration of chlorophyll a to pheophytin a. Samples with a 

proportlon o f 1. 70 for 00664beforetoo •• ,after are conslde red as not containing 
pheophytin a and as being in excellent physiological condltion. Solutions of pure 

pheophytin do not show a reduction of 00
665 

on acidification. and have a 1.0 p roportlo n 

of 00664 b e fore/OD6 65after. Thus. mixtures of chlo rophyll a and pheophytin a have 
proportlons o f absorp1lon peak between 1.0 a nd 1. 7 . These proportions are base d 

o n the use of 90% acetone as solvent (APHA, 1992). 

Dec/111M 
12,-----.,----,.- ---, 
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..). 

... 
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Figure 4 : DistribUiion oi the ratlos betwecn dlHerent opti cal densities (00) In each scasonal campalgn 

at ltapeva Lak e. (00664/665• ratio between optical densllles a t 664 a nd 665nm: 006631 

663"' ratio be lwcen optical densltles at 663nm: Dectl998•s p ring: Mar/1999• summe r: 

Mayt l999=autumn; Aug t l 999•wlnter). 

The mean values and the frequ ency o f the 00..,.100
66

, ratlo for spring and summer 
samples presented a better physiological condition (Fig. 5 ). Thls was directly rela ted 
to a rlchness and dlversity of phytoplankton community d u ring this two s easons 
!Cardoso, 2001). However. during these two seasons, maximum values much hlgher 
than the ratio of 1. 7 were a lso recorded !Fig. 4). On the other hand. autumn and winter 
sampl es were characterlzed by a greater mlx ture of these plgments. presenting a 
ratio simi lar to 1. 7 and sma llest deviat ions o f the ratio wer e observed. 

Smaller means occurred at the center station d u r ing the hot seasons. indlcating 
tha t physiological conditlons o f the phytoplankton at this si te were distu rbed by the 
la ke hydrodynamics. On the other hand, N-+S gradients occurred during autumn and 
win te r. but in opposite dl rections . Since the c yanobacteria bloom was more lntense 

in the Sou th station durlng the autumn. h igher ratios between optical densities would 
occur. The same Is valid for winter. when the bloom occurred again in the North 
statlon (Cardoso. 2001 ). 

Furthermore, th e correlations between these p igments (r • 0.22 in autumn and 
r• 0.40 in winter) were slgnificant (p<O.OS) fo r these periods (Tab . VI). During autumn. 
the cyanobac teria bloom in the lake must h ave been the main fac tor o f this mixture of 
plgments in th e samples. In w inter. the g reat predominance o f pheopigments in the 
samp les was produce d by greater a lga ! sen escence. 
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Summer(llllll'/11118) 

Aulumn (lby/11118) 

Figure 5: Relallons between optlcal d enslties (OD ••• , • .,) in the physlologlcal lnterpretatlon of the 

samples, during the seasonal campaigns. In uapeva Lake. (Pheo• predomlnance of 

pheopigments. Chl a • p redomlnan ce of c hlorophyll a. C hJ a+Pheo • m•xture of both 

p lgments). 

Durlng spring the frequency of samples without pheophytin (according to ra tio 
OD ..,._, ) was high and lhe same at ali sampling slations. In fact, lhe proportion Chl bl 

a showed an overestimatlon of pheoptgments in spring a1 ali stations (Tab. VIl). Ano ther 
overestimatio n of pheopigments occurred In autumn (only towards the Center statlon) 
a nd is also related to the very high maxlmum values o f pheopigment (Tab. VIl). 

According to the values of Pheo/Chl a. an overeslimation of the chlorophyll a 
concentration was reco rded at the Center (summer and autumn) and South (spring 
and autumn) sampllng stations . This was due to Iower concentra tions of chlorophyll 
a on the days o f sampllng and r a tios OD 

66
,...,

5
• 1.0. Therefo re, a higher concentration 

o f pheopigments over c hlorophyll a occurred. 
During the annual variatlon o f chlorophyll a. there are signlftcantly higher 

concentrations ot pheophytin a, whlch was attrlbuted to a de ficlency In lhe nutrltional 
conditlo ns (Barbosa et ai., 1988). Pheophytin a affects the physiological status of 
phytop,lankton populations and causes a predominance of "old" cells. which are. 
therefore. less aclive. This was also observed for Jtapeva Lake . excepl in autumn, 
when the increased concentration of chlorophyll a over pheoplgments was direc tly 
related to cyanobacteria bloom. 

The health of phyloplanktonic c hlorophyll a is more c losely correlaled with cell 
size . Type of limitation. by llght or nutrlents , and trophlc s tale may affec1 1heir 
relationship, bul other ractors suc h as taxonomic composition appear to be less 
imporrant (Võros & Padlsak, 1991). However, George & Edwards (1976) fo und that 
when dlatoms and chlorophytes w e re dominant. chlorophyll a was homogeneously 

dlstributed In the water column. During cyanobacteria bloom. dense accumulatlons 
of algae on the surtace frequently a ppeared under calm conditions. At high wlnd 
speeds (•6 m.s·•), c yanobacterla became more homogeneously distrlbuted in the 
water column. because the turbulent mix overcame the tendency ot htghly ftoatable 
cells to remaln on the surface. In general there ls a close relationship between wtnd· 
lnduced turbulence and the development of agregates of cyanobacterla in the water 
profile. In ltapeva Lake, the d o minance o f diatoms and the highe r concentralion ot 
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c hlorophytes over spring occurred when the water column present a vert ic a l 

heterogeneou s distributio n of chlorophyll a. D uring the cyanobacteria b loom in 
autumn. no significantly different distribution of chlorophyll a in the water column 

was found. probably due to the fact that the variance a mong the sampling stations 
and d ays was m o r e representative (Cardoso. 2001 ). The highest concentrat io n o f 
chlorophyll a occurre d in the middle of the wat er column and not o n the surface. 

However. for pheopigments the system was vertically heterogeneous only in autumn, 

when the senescence of lhese algae a long lhe profile was verifíed (Cardoso. 2001). 
A highly s lgnlficant linear relatíonship was obse rved b etween pheoplgments 

and the optica l d ensities ra ttos (p<O.OOI ). T he corre lations (Tab . V I) p resent decreasing 
values from spring (Dec/ 1998) to winter (Augt l999). The relatio n s h lp was evident 

because the hls t o grams of data dls trlbution a mong the methods s howed the same 
pattern during each sampling period (Cardoso. 2001). a nd lhe correlations between 

PheoA x oo • .,.... and PheoG x o o .,., •• , were always negative. s ignificant and 
dec reaslng from spring to w inter (Tab. VI) . The depende nce o f the p hytoplankton 
physiological status with the ratios between lhe optical densitles (Golterman et al. . 

1978; APHA. 1992) was confirmed. A reduclio n in these ratlos l mplies a higher 

con cen tralio n of pheopigme nts than chlorophyll in the sampl e . In the same way. 

positlve and sign ificant correlatlons were found between the c hlo rophyll methods 
and the opt ical densities ratlos (Tab. VI). These optica l densities rat ios become an 

exce llent physio logical indicator o f alga! senescence. 
Thus both trlchromatic (OD 664 nm and 663 nm) and the to tal pigment meth o d s 

p resented values s igniflcantly correlated to each o ther. In the case of Itapeva Lake. 

any one of these methods would b e recommended to lhe monochr o matic methods, 

due to the small numbe r of samples with n egative values. The data s h o w that 
trichroma tic methods d o n o t account for o nly the c hlo rophy ll a. but a lso the 

p h eoplgments. 
Pheopigments analysls requires more attention fo r lnterpretation. due to many 

errors. Therefore . the inte rpretation must b e made toge ther wlth the values of the 

ratios between optical densities (before and a fte r acidlflc ation). Thls ratio is valuable 
fo r the lnterpre tatio n of the phy toplankton physiological status and servi ng as a 

good indicato r of the m ethods suitability employed on th e pigme nt analysls. 
A more d e tailed investlgation must b e carried o ut In arder to determine the 

wavelength appropriate to e liminate sample hlgh inorganlc turbidlty. The 750nm OD 
showed that ino rganic turbldity was the possíble cause of the fault y d ata specially 

for coastal aqualic envlronments. under strong in flue n ce of the wlnd. 
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