
RIGHT:

URL:

CITATION:

AUTHOR(S):

ISSUE DATE:

TITLE:

Primary Production Studies on a
Reservoir, Embalse del Rio Tercero,
Argentina

Nakanishi, Masami; Mariazzi, Aldo A.; Conzonno,
Victor H.; Claverie, Elsa; Di Siervi, Miguel A.;
Romero, Maria C.

Nakanishi, Masami ...[et al]. Primary Production Studies on a Reservoir, Embalse del Rio
Tercero, Argentina. Memoirs of the Faculty of Science, Kyoto University. Series of biology.
New series 1985, 10(1): 49-62

1985-03

http://hdl.handle.net/2433/258870



MEMoms oF 'rrlE FAcuury oF SclENcE, Kyo'ro UNIvERslTy, SERIEs oF BIoLoGy
                    Vol. X, pp. 49-62, March 1985

Primary Productien Studies en a Reservoir,
     Embalse del Rie Tercero, Argentina"

                                 By

MAsAMI NAKANIsHI, Amo A. MARIAzzl**, VIcToR H. CoNzoNNo**, ELsA
     CLAvERiE**, MiGuEL A. Di SiERvi** and MARiA C. RoMERo**

Otsu Hydrobiological Station, I<yoto University, Shimosakamoto, Otsu, Shiga-ken, JapaR.

**Instituto de Limnoiogia, Facultad de Ciencias Naturales y Museo, Paseo del Bosque,

                         1900 La Plata, Argentina.

                        (Received August 25, 1984)

Abstract. Diel and day-to-day variations in the amounts ofchlorophyll a and phaeopigments and the daily primary

production of phytoplankton were investigated foi' two or three consecutive days every month from March of 1980
to March of l981 at a fixed station in a eutrophic reservoir iR Argentina. The amount ofchlorophyll a in the euphotic

zone varied noticeably within a day or day by day from summer to autumn. It was suggested that the short-term
variation in chlorophyil a was brought about by f hort-term displacement ef water masses with different amounts of

phytopiankton and was related closely to the variation in ceil numbers of Peridinium gatunense. The day-to-day vari-

ation of daily primary production was remarkable during the period of summer-autumn. This variation was
suggested to be caused by the noticeabie change in phytoplankton standing crop during the investigated days. The

recent trophic status of this Iake was discussed with reference to some variables measured in 1971-I972.

Introduction

    Eutrophication of reservoirs is enhanced rapidly by high sedimentation i'ates and nutrient

enrichment (Kimmel and Lind 1972). Thus, many studies on primary production of phyto-
piankton in reservoirs have been performed from a view point of eutrophication and focussed

on annual variation (Soltero and Wright l975; Schwartzkopfand Ig[ergenrader I978; Bayne et
al. 1983). In reservolrs, however, there is iittle iBformation on short-term (diel or day-to-day)

variations of the primary production of phytoplankton and related variables.

    In the present study, some limnologicai characteristics ofa eutrophic reservoir, Embalse del

Rio Tercero, wM be described and discussed mainly on the basis of diel or day-to-day variations

ofphotosyntheticpigments and daily primary production ofphytoplankton. Further, the troph-
ic status of this lake will be discussed with reference to some variabies measured in l971-1972.

Description of the study area

    Embalse del Rio Tercero located in the Province ofCordoba (3201 i' S, 64013' W), Argentina,

* Contribution No. 302 from Otsu Hydrobioioglcal Station, Kyoto University. Contribution No. 23l from Instituto

  de Limnologia, Museo de La Piata.
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is ca 5400 ha o{' the surf'ace area and around 40 m in the maximurn depth. This reservoir was

built up iR 1930.

    Annua} precipitation around the lake is relatively low (760 mm in l980), and there is little
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Fig. 1. Seasonal changes

lnvestigatlon

Solid line: monthly average ra

   Ma r. Apr. May JuneJuly Aug. Sep.Oct. Nov. Dec. Jqn. Feb. Mar.

                           Month

          in precipitation and daily solar radiation around Embalse del Rio Tercero during the
period. So;id circles: soiar radiation on t}ie days when the primary production was determined.

             diation.
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precipitation during July-September (Fig. i). Solar radiation on the lake becomes maximum
in November (monthly average: 500 cal•cmm2•day-i) and rninimum in June (month}y average:
215 cal•cm-2•day-i).

Material and Methods

    Sampling stations are shown in Fig. 2. Water sarnples for the horizontal distribution of
chlorophyll a plus phaeopigments were collected from the respective depths ofO, 1, 2, 3, 4, and

5 m at 31 stations. The water sampies of 1 liter from each depth were mixed together ancl put

to the determinations of chlorophyll a and phaeopigments.

    Physico-chemical variables, photosynthetic pigments and primary production of phyto-
plankton were determined for two or three consecutive days every month from March of l980
to March of 1981 at station A, the depth ofwhich fiuctuates seasonally from 15 to 27 m. Water

samples were collected from the depths ofO, O.5, l, 2.5, 5, 7.5 and 10 m fbr the primary production

measurements and, in addition to these depths, from l5 m and a }ayerjust above the bottom for

the analyses of nutrient, chlorophyll a and phaeopigments.

    Physico-chemicai variabies and photosynthetic pigments were measured three times
(morning, noon and even!ng) a day for three consecutive days every month. Water temperature

and pH were measured with a thermister thermometer and a pH meter (glass electrode), re-
spectively. Nitrate-N was determined by the reduction method using cadmium-copper column
and nitrite-N by diazotizing with suifanile amide (U.S. Environmentai Protection Agency
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i976). Ammonium-N and dissolved reactive phosphate-P Nsrere measured by Nesslerization
and stannous chloride methods, respectively (APH[A 1971), Particulate organic carbon and
nitrogen in the samples on the GFIC filters pretreated at 4200C for 4 hours were determined with

a CHN analyzer (Yanaco MT-2). Amounts ofchlorophyll a and phaeopigments in the samples
on the Whatman GF!C glass fiber fiiters were determined after the method of Lorenzen
(1967a).

    Primary production was measured by the in situ ]-4C- and 02-light and dark bottle
techniques. The primary production measurement was performed twice in the daytime from
sunrise to around noon and from around noon to sunset. In the case of the i4C technique, the

water samples afÅíer exposure were immediately filtrated through HA Millipore filters with

O.45 pam pore size. After fumed over concentrated HCI for l minute, each sample on the filter

was piaced in a scintillation viai with Bray's fiuor. The i4C radioactivity of the samples was

measured by a liquid scinti!lation spectrometer (Ward and Nakanishi 197i). The dissoived

oxygen was determined by the Winkler method.
    Light extinction coefficlent was calculated by the following formula (Ichimura, 1956):
    }9k =- tt--f---, where k (m-i) and Tr (m) are the extinction coefficient and Secchi disc reading,

respectively. Dai}y compensation depth (a depth of ! O/. the surface light intensity) was roughly

estirnated using the values of k and Lamber-Beer law.

    Water samples for algal observation were collected from the depths ofO, 1, 2.5 and 5 m and

preserved with Lugol's solution. Algal ce}ls were counted using a haematocytometer.

                             Results and Discussion

Physico-chemical variables at station A

    Surface water temperature varied seasonally within the range of 7.90C in July to 25.50C in

February, Weak thermal stratification was observed from October to May.
    Dissolved oxygen in the euphotic zone was sometimes supersaturated during the therma}ly

stratified period, whereas water near the bottom was almost anaerobic in December through

March.
    Secchi disc readings yanged from O.9 m on December 20 to 2.6 m on April l6 during the
investigated period (annual mean value: 1.7 m).

    The pH was maintained at fairly high levels throughout a year, ranging rom 7.6 in July to

9.I in March in the euphotic zone.

    Ammonium-N concentration was relatively constant throughout a year in comparison with
nitrate-N (Table 1). It varied seasonally from O.04 to O.I1 mg.1-i (mean concentration during

three consecutive days in the euphotic zone). Ammonium-N tended to be accumuiated in the
water near the bottom during the period of thermal stratification. This might have been caused

by the decomposition of organic matter under anaerobic condition. Nitrate-N ranged from
O.OO to O.27 rng•}-i in the euphotic zone. Nitrite-N concentration was very low and always
below O.Ol mgil-i.

    Ammonium-N was almost in the same level as nitrate-N. Thus, in this lake, ammonium-N
as well as nitrate-N might be an important nitrogen stock for phytoplankton growth.

    Dissolved reactive phosphate-P concentratioq was very low. The mean concentration in
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Tablel. Mean concentra"ons of ammonium-Nand nitrate-N in the euphotic and aphotic zones at station A

iNH4.-N (mg•1-i)

EH..P.hotic Zone

O.07 (O.05-O.08>

O.IO (O.08-O.14)

o.e4 (o.oo-o.os)

O.07 (O.O-O.08)

O.09 (O.07-O.13)

O.06 (O.04-O.07)

O.11 (O.09-O.13)

O.09 (O.07-O.10)

O.09 (O.07-O.IO)

O.06 (O.05-O.08)

O.06 (O.05-O.08)

O.06 (O.04-O.08)

O.07 (O.06-O.08)

Aphotic 7"one

       ?s4T03-NT (mg•lrmi)

Euphotic Zone Aphotic 7..one

Mar. il-l3,

Apr. 15-l7

May 27-29
June 23-25

July 28-30

Aug. 28-30

Sep. 28-30

Oct. 26-28

Nov. 24-26

Dec. 19-21

Jan. 27-29,

Feb. 24-26

Mar. 26-28

1980

1981

O.13 (O.iO-O.17)

O.ll (O.08-O.l7)

O.04 (O.OO-O.06)

O.07 (O.03-O.08)

O.09 (O.07-O.13)

O.06 (D,05-O.07)

O.I1 (0.09-O.I3)

O.l2 (O,08-O.l6)

O.12 (O.09-O.14)

O.09 (O.05-O.20)

O.08 (O.06-O.l2)

O.09 (O.05-O.17)

o.o7 (o,o6-e.os)

O.OO (O.OO-O.02)

O.06 (O.04--O.08)

o.og (o.o6-o.le)

O.i2 (O.IO-O.l4)

O.06 (O.05-O.07)

o.o4 (o.e4-o.os)

O.Ol (O.OO-O.02)

O.03 (O.Ol-O.05)

O.12 (O.08-O.16)

O.27 (O.2I-O.30)

O.09 (O.06-O.12)

O.OO (O.OO-O,Ol)

O.OO (O.OO-O.Ol)

O.03 (O.Ol-O.07)

O.08 (O.06-O.11)

o.os (e.o6-o.lo)

O.11 (O.1O-O.13)

O.06 (O.05-O.07)

O.04 (O.04-O.05)

o.o2 (o.oe-o.o2)

O.02 (O.02-O.05)

O.l4 (O.l2-O.16)

O.34 (O.28-O.35)

O.14 (O.11-O.16)

O.04 (O.02-O.05)

O.OO (O.OO-O.Ol)

The values in parentheses show the range during three consecutive days.

the euphotic zone was O.Ol mg•l-i in March
below e.Ol mg•irwi in other months.

    Diel and day-to-day variations in some
remarkable.

of l980, O.e2 mg•1-i

variables mentioned

in April

above

and October

seemed not

and

to be

,Short-term and seasonal changes in chloroPh)lt a and PhaeoPi,.aments

    In order to know the degree of short-term changes in phytoplankton standing. stock, the
amounts of chlorophyli a and phaeopigments at station A were measured vertica}ly three times

(morning, noon and evening) a day for three consecutive days every month. Figure 3 shows
the seasonal differences of short-term variations of the amounts of chlorophyll a and phaeo-

pigments in the euphotic zone. The short-term changes in amounts of chlorophyl} a andlor

phaeopigments were remarkable in March, April and May ef 1980, and January-February
of l981, whereas they were negligib}e during June-October of i980. It is worthy of note that
such remarkabie changes were found in the seasons with large precipitation (Fig. 1). It was

expected that, when such noticeable changes were observed, the horizontai distribution of
chlorophyll a in the water masses around station A might be remarkably heterogeneous and
water displacement occurred quickly.

    On the day before the consecutive three days survey, the horizontal distribution of chioro-

phylla plus phaeopigments was investigated at 3l stations in the lake. Concentrations ofchloro-

phyll a p}us phaeopigments were distributed complicated!y, having their wide range !n the
months wlth notlceable short-term change in chlorophyll a amount (Fig. 4). Such a heteroge-

neous distribution seems to occur in the case ofdense phytoplanl<ton (Berman and Rodhe 1971).

Thus, it is considered that a noticeable short-term change in the chlorophyll a amount at station

A may have been brought about by displacement of water masses with extreme}y different
standing crop of phytoplankton. Furthermore, it was interesting that Peridinium gatanense was



54 iMAsAMr NTAKANIsm ET AL.

'ts

"g

"s•

200

1OO

o

1OO

200

300

4OO

500

i
:g- --

-.

o: Morning

x : Noon

-: Evening

--
s

             i
       -- -      -s----- -           -- '''

;
--

't

i.iil

h--
s

s

1

-"

 't
'

'

,p

tl

,

s

N

 t
SiS N s

 lt t

' lt

tl

x..  h

            IMgs6 APr• May june Juty Aug. Sep• Oct- Nov- Dec, ljgas?• Feb. Mar.

Fig. 3. Seasonal differences in short-term variations of the ampunts of chlorophyll a and phaeopigments in the

euphotic zone at station A.

dominant when such a noticeable short-term ckange in chlorophyll a ameunt occurred. Figure 5

shows comparisons between the vertical distributions of chlorophyil a plus phaeopigments and
cell numbers of two ma.ior algae, fl(felosira .aranalata and P. gatunense, in the morning, at noon and

in the evening on March il, 1980. Vertical distribution pattern ofthe amount ofchiorophyll a

plus phaeopigments was c}osely related to that of P. gatunense (ceil number). Taking into con-

sideration the fact that P. gatunense was abundant in the months with remarkable short-term
change in chlorophyll a, the short-term fluctuation ofP. gatunense density in totai phytoplankton

seems to be a main cause in short-term chan.cre of cl}lorophyll a amount. The diel change in

vertical profile of the amount of chlorophyil a plus phaeopigments might be caused to some

extent by the migratory behaviour of a motile alga, A gatunense (Nygaard 1977).

    A remarkable increase in phaeopigments was observed onJanuary 27-29 (cfl Fig. 3). The
maximum amount oÅí phaeopigments, 510mg•m-2, in the euphotic zone was obtained on
January 29. The ratio ofphaeopigments to chlorophyll a plus phaeopigments tended to increase

from November to January (Fig. 6).

    Two main processes for the increase in phaeopigments in natural waters have been con-
sidered. One is grazing by herbivorous zooplankton (Lorenzen 1967b; Gleoschenko et a}. I972;

Daley l973; Shuman and Lorenzen 1975) and the other is due to the resuspension of bottom
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sediments rich in phaeopigments (Moss l9703 Glooschenko et al. I974). Unfortunately, no
availabie information was obtained for herbivores in the present study. Hence it is impossible

to discuss such a sudden increase in phaeopi.crments in connection with herbivores' grazing.
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Fig. 5. Diel variations of the vertical profiles of cell numbers of A4elosira granutata (-O-)

(-e-) and ofchlorophyll a plus phaeopigments amounts (dotted line).

and Peridinium gatunense

After Moss (1970), a remarkable increase in phaeopigments in ponds and shallow lakes is derlved

from the resuspension of sediments ratlier than zoopiankton grazing. The resuspension of
sediments may be considered as one of the processes because water body around station A is
relatively shallow.

    Seasonal change in chlorophyll a amount in the euphotic zone was not so drastic as the

short-term change observed in summer and autumn (cÅí Fig. 3). Chlorophyll a amount increased

in January-March and decreased gradually in April. Mean values of chlorophyll a in the
euphotic zone for three consecutive days varied seasonally from 15 mg•m-2 in December of 1980

to l 10 rng•m-2 in March of the same year.

Relationshi between chloroph?ll aplus phaeoPigments andParticulate organic carbon

    Particulate organic carbon (POC) versus chlorophyll a plus phaeopigments (Chl) in the
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water sampies collected on the first day ofeach survey at station A were plotted in Fig. 7. The

relation between both variables can be expressed as POC (mg•m-3) :177.58+15.00Chl
(p<O.Ol) inJanuary and POC==306.27+44.85 Chl (p<O.Ol) in other months. The POCICh}
ratio was very low in January with rich phaeopigments in comparison with that in other months.

The POC!PON (particulate organic nitrogen) ratio varied within the raRge from 6.5Å}i.5 (SD)

in February to 8.6Å}l.3 (SD) in October. rrhere was no significant difference in the POC/PON

ratio betweenJanuary and other months. It wi}1 be expected that the PONT!Chl ratio inJanuary

was very low as well. The low PO!XT!Chl and POCIChl ratios suggest that particulate organic
nitrogen and carbon in algal cells are decomposed or released faster than chlorophyll derivatives

under certaiR condition.

Dailrv PrimarJ Productfon qfPlt]toPlankton

    Day-to-day variation of the daily primary production of phytoplankton measured by the
i4C technique for two or three consecutive days every month is shown in Fig. 8. Calculated

daily compensation depth varied seasonally from 2.2 m on December 20 to 6.3 m on April l6

at station A. Day-to-day variation of the primary production was not so great in May-
September as in October-Apri}. In February, the daily primary production on the first day
was two times larger than that on the second day, 2n spite of no great d!fference in insolation

(cf. Fig. 1). Day-to-day variation ofprimary production is brought about not only by the daily

change in insolation but also by the daily changes in standin.cr crop and photosynthetic activity

ofphytoplaRkton (Spondniewska 1969; Soltero and Wright 1975). In this lake, a large day-to-
day fiuctuation of primary production occurred as often as the standing crop (expressed as
chlorophyll a) varied considerably within a day or day by day (cÅí Fig. 3). "I"hus, the day-to-day

variation of primary production in this lake might have been related closely to the short-term

change in standing crop. As nnentioned before, this short-term change in standlng crop at
station A may have been brought about by displacement of waters with different amounts of
phytoplankton. In addition to the water displacement, we have to pay attention to the occur-

3
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                 1980 Month 1981
Fig. 8. Seasonal differences in day-to-day variation of the daily primary production of phytoplankton at station A.
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rence of a vertica}ly migrating alga, P. gatunense, for estimat!on of the daily primary production

(Larson 1978).

    Seasonal changing pattern of the daily primary production showed a tendency to decrease

in winter and in mid summer (December and January). In spite of very high photosynthetic
activity on a basis ofchlorophyll a (Romero et al. 1983), decrease in the daily prirnary production

was observed in mid summer. As one of the cause for the decrease in daily primary production

in mid summer, it will be considered that photosyntheticaliy active phytoplanl<ton were very

sparse (cÅí Fig. 3). The daily primary production ranged from O.4gC•mww2•day-i on Juiy 29
to 2.1 gC•m-2•day-i on February 24.

    Ryther and Menzel (I965) pointed out that the primary production by the i4C technique

wasapproximateiynetproduction. Theinsitumeasurementsofprimaryproductionwerecarried
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out by the 02 technique concurrently with the i4C technique during the investigated period.

Relations of the daily primary production by the i4C method to the daytlme net production by

the 02 rnethod or to the daily .crross production are shown in Fig. 9. Here the amount of02 was

converted to the amount of carbon using PQ=1.13 (Harris and Piccinum l977). In ac-
cordance with the result obtained by Tilzer et al. (1977), the daily primary production (P) by

the i4C technique corresponded approximately to the daytime net production (Pn) by the 02
technique though the former showed a tendency to be lower than the latter (P=303.34+O.85 Pn,

rwwO.83, p<O.Ol). Thus, the daily primary production obtained by the i4C technique in the
present study (Fig. 8) corresponds to the daytime Ret production with some possible underesti-

mation.

A conzParilson ofsome limnological variables in 1980-1981 with those in l971-1972

    To know roughly the change in trophic status ofthis lake for the last ten years, some variables

obtained in the present study are compared with those in 1971-1972 reported by Bonneto et al.

(1976), wko investigated some limnological parameters ofthis lake in spring (September) , summer

(January), autumn (May) and wlnter (July) from I971 to 1972.

    Ammonium-N, nitrate-N and dissolved reactive phosphate-P concentrations in the surface

water and at 3 m depth were respectively O.Ol-O.06, O.OO-O.}2 and O.OO-O.04 mg•}mi in 1971-
}972. The respective nutrients seem not to be so different in their levels from the present results,

though ammonium-N was a }!ttle lower in 1971-l972 than in }980-l981. So farasjudged frorn
standing stock of the nutrients, eutrophication in this lake seems not to have been progressed

during the last ten years. The pH values were 8.e, 8.3, 7.4 and 7.2-7.3 in September, January,

May and July of 1971-1972, respectively, whereas they were 7.7-8.4, 8.l-8.9, 7.8-8.5 and 7.6-
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8.0 in the corresponding months of l980-I981, respectively. It is noticed that the pH values

became higher in 1980-1981, at least in autumn-winter, as compared with those ten years befbre.

    Among the major species of phytoplankton in I971-1972, Anabaena spirodes was observed
abundantly in four seasons, APhanocaPsa dellicattissima and Microc7stis aeru.ainosa in spring and

summer, CryPtomonas spp. in autumn, and Melosira granulata in winter (Bonneto et al. 1976).

In the present study, M. granulata was dominant or subdominant during the iRvestigated period,

Closterium aciculare and Actinoayclus normanii were abundant in spring, Peridinium gatunense and A.

normanii in summer, I'. gatunense and A. sPiroides ln autumn, and A. normanii and P. gatunense in

winter (Fig. 10). It is clear that the major components of phytoplankton in this lake have

changed noticeably and the pattern of their seasonal succession has also changed during the

last ten years.

    Chlorophyil a amounts in the euphotic zone were 27, 33, 2 and l4 mg•m-2 in spring, sttmmer,

autumn and winter, respectively, in 197I-1972 (Bonneto et al. 1976). In 1980-198I, they were

40-50 (mean value: 43), 5-l30 (47), 60-I30 (75) and 30-60 (36) mg•m-2 in the corresponding

seasons, respectively. The chlorophy}l a amounts seem to be higher in l980-1981, especially in

autumn-winter, than in 1971-}972.

    The daily primary production was very high in spring of }971 (1.6gC•mrm2•day"i) and
summer of l972 (5.3 gC•mww2•dayuni) as compared with that in spring (O.9 gC•m-2•day-]-) and in

summer (O.8-1.I gC•m-2•dayuni•) in 1980-I98}. Taking into consideration the maximum dai}y
production of2.I gC•m"2•day-i iR February of 1981, it can be concluded that the daily primary

production of phytoplankton in photosynthetically actlve seasons was higher in l97}-1972 than

in 1980-l981. It is not understandable why the daily primary production decreased in 1980-
}98l in spite of higher amount of chlorophyll a in the euphotic zone.

    It is true that the chlorophyll a amount and the pH vaiue increased at least in autumn-winter

and the major algal composition of phytoplankton noticeab]y changed during the last ten years,

though it is very difficult to conclude how far the eutrophication has advanced in th!s lake.
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