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INTRODUCTION

PRODUCCION AUTOTROFICA FRACCIONADA 
POR TAMAÑOS EN UNA BAHIA SOMERA

SIZE-FRACTIONED PHOTOAUTOTROPHIC 
PRODUCTION IN A SHALLOW BAY*

Primary production estímales in Chilean 
waters are scarce and restricied to only a few 
works (Forsbergh & Joseph, 1963; Platt & 
Subba Rao, 1975). Observalions from the 
Central Coast of Chile show the presence of 
sub-surface chlorophyll máximum layers 
(Bernal, 1986; GonzálezetaL, 1987) thatsup- 
ply suitable food for larval and juvenile fish 
survival, however this tropho-dynamic role 
has not been yet studied.
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Recent developments in pelagic ecology 
have assigned a previously unrecognized ro
le to marine prokaryotes by revealing that 
these organisms are more ubiquitous and 
abundant than was expected, and they are 
capable of extremely high rates of próduc- 
tion (Hobbie et al., 1977; Fuhrman 8c Azam, 
1982; Azam et al., 1983). The photo- 
autotrophic fraction of this prokaryote bio- 
rnass, or picoplankton (< 2 p.m), is widely 
distributed in the oceans (Waterbury et al., 
1979; Li 8c Platt, 1987) with the exception of

RESUMEN

Experimentos de asimilación de CO2 se realizaron en la Bahía de Concepción (36°40’S, 73o01'W) con el fin de evaluarla 
producción primaria total y fraccionada a través de incubaciones con "C.
De la curva P-I resulta un número de asimilación de 3.82 mgC (mg Chl- a)-1 h-1 y un valor de a de 0.0076 
(mgC(mgChl — a)-1 h-l)/uE m-2 s-1, los cuales fueron utilizados para estimar producción en la columna de agua 
usando el modelo de Hermán 8c Platt (1983), cuya producción integrada se calculó en 0.97 gC m“2 d'1, cuatro veces 
mayor que las informadas previamente para la costa de Chile.
A baja irradiancia (I = 109 uE m-2 s”1). el picoplancton y el nanoplancton fueron responsables de un 9.5% y un 12.5% 
de la producción no normalizada, mientras que el fitoplancton de “red" (net-phytoplankton) contribuye con un 64.6% 
de la asimilación fotosintética. La tasa fotosintética normalizada por clorofila (índice de productividad) fue mayor en las 
fracciones pequeñas que en las fracciones de mayor tamaño, relación dependiente del tamaño y de importancia 
ecológica a bajas intensidades de luz.

Palabras claves: Producción primaria, Picoplancton, Chile.

ABSTRACT

CO2 assimilation measurements werecarried out in Concepción Bay (36"40'S, 73"0rW), toevalúatesizefractioned and 
total primary production in HC incubations.
The P-I curve shows an assimilation nuinber of 3.82 mgC (mgChl-a)-1 h~1 and an a valué of 0.0076 (mgC(mgChl — 
a)'1 h~‘)/uE m-2 s-1, both parameters were used to estimate primary production in the water column using the 
Hermán & Platt model (1983). Integrated production was calculated as 0.97 gC m-2 d-1, four times higher than 
previous estimations reponed off the Chilean coast.
Ai low irradiance (1= 109 uE m~2 s" ’). picoplankton and nanoplankton were responsible for 9.5% and 12.5% of the 
non-normalized production. whereas the net phytoplankton accounted for 64.6% of the photosynthetic assimilation. 
The chlorophyll normalized photosynthetic rate (productivity Índex) was higher for smaller than larger fractions, size 
dependant relationship with ecological significance at low light irradiances.

Kcy words: Pnmary production, Picoplankton, Chile.
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|xm, 0.8-1.8 pm, 0.8-210 pm, and 0.45-335 
pm (i.e. whole range). The size-fractions bet
ween 0.45-1.8 pm (picoplankton), 1.8 and 40 
p.m (nannopiankton) and between 40 and 
335 pm (net phytoplankton) were inferred 
by subtraction. Afier filtration, the excess 
radioactivo bicarbonate was removed with 
fuming HC1 before addition of dioxane scin- 
tillation cocktail. Radioisotope samples of 
HC and the corresponding sets of standards 
for “external standard channel ratio” were 
counted for two minutes (average error 
7.3%) in a Beckmann Scintillation Counter 
LS 100C. Chlorophyll- a extracted with ace- 
tone, was determined for each fraction using 
the fluorometric method (Parsons et al., 
1984) with duplicate samples.

The use a log-scale abscissa in the presen
taron of the results of the size fractionation 
experiment is based on the formalization of 
the biomass spectra b(w) of Piatt & Denman 
(1978). In the experiment reponed here, the 
size intervals are not equal, and for each bar 
the valué of biomass (ordinate) represents 
the integral for that size interval. Accordin- 
gly, the total biomass can be obtained by 
summing the chlorophyll valúes.

RESULTS AND DISCUSSION
The results of the P-I experiment are 

shown as the P vs I curve in Figure 2, where 
the parameters a and P^x were estimated as 
0.0076 mgC (mgChl— o)-1 h~‘)/uE m-2s-1 
and 3.89 mg C (mg Chl— a)-1) h-1, respecti- 
vely. The model of Hermán 8c Platt (1983): 
PB = PBáx tanhíal/P^), was used to calcúlate 
production. The light attenuation coeffi- 
cient (Kz) was estimated as a function of 
chlorophyll— a concentration in the water 
column, according to the relationship descri- 
bed by Hermán (1984) for the Peruvian 
coast:
Kz = 0.05 + 0.05 * chlorophyll— a (mg m

The profile of primary production is pre- 
sented in Figure 3, where the production 
and the biomass profiles are plotted against 
depth. The resulting integrated production 
was 0.97 gC m-2 d-1, four times higher than 
the provious data cited as representative for 
the Chilean coast (Platt 8c Subba Rao, 1975). 
These data, originally reported by Fors- 
bergh &Joseph (1963),correspond to Coastal 
measurements off Antofagasta-Taltal (Ex- 
pedition STEP-I, 1960) and to oceanic sta-

Polar waters. Li et al., (1983), demonstrated 
experimentally that they are responsible for 
a substantial fraction (30 to 50%) of the total 
primary production in tropical oceanic and 
Coastal pelagic ecosystems.

A primary production experiment was ca- 
rried out in Concepción Bay (36°40'S, 
73°0TW) in spring to evalúate the biomass 
and production of the size fractions at the 
depth of chlorophyll maxima. Fractioned 
photosynthetic rates and biomass were com
pared in order to establish the contribution 
of each size fraction. From the P vs I curve, 
the parameters a and pBmax were obtained to 
model primary production in the water co
lumn using the vertical distribution of bio
mass (Hermán 8c Platt, 1983).

MATERIALS AND METHODS
On October 10, 1986, chlorophyll profiles 

were measured at a single station located at 
the mouth of Concepción Bay (37°35'15"S, 
73°0T30"W), with a continuous - flow fluo- 
rometer (Turner Designs Mod. 10-000R) in 
order to determine the depth of the chlorop
hyll máximum (6 m), and to collect water 
samples for 14C incubations.

On board, 19 light and 2 dark bottles were 
incubated with 5 pCi of H14CO“3 per 60 mi 
during45 min in a irradiance gradient from 
72.4 to 1144.0 uE m-2 s”1. Samples were 
homogeneized only at the begining of the 
experiment. Temperature was controlled by 
pumping sub-surface water (11 ± 1°C) 
through a cooling chamber placed between a 
250 Watt halogen light source and the incu- 
bation apparatus (modified from Lewis 8c 
Smith, 1983). This system, based on a modi
fied overhead projector, allows the simulta- 
neous incubation of 33 flasks (60 mi each) or 
alternatively of 45 scintillation vials (20 mi 
each), distributed over a Fresnel lens produ- 
cing the light gradient (Figure 1). Scalar irra
diance was measured using a Biospherical 
Instruments QSP 200-D underwater sensor 
fully submerged in an incubating flask filled 
with filtered seawater (0.45 pm) placed on 
the bottom píate glass of the cooling bath.

The size fractionation experiment was ca- 
rried out at an average scalar irradiance of 
109 uE m'2 s-1. Samples (2 light and 2 dark 
bottles) were gently filtered through Millipo- 
re membrane filters of the appropriate no
minal pore-size under low-vacuum (15 cm 
Hg). The particulate fractions isolated direc- 
tly by filtration were: 0.45-0.8 pm, 0.8-40
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Figure 1. Schematic diagram of incubation system. A: bath fbr thirty three 60 mi flasks, B: sealed manifold for 
fourty five 20 mi scintillation vials.
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tions about 280 km off Los Vilos (B/E Esme
ralda Cruise, 1962). This discrepancy can be 
explained considering the different nature 
of the sampled environments (bay, shelf, 
open ocean) however, in interpreting it, allo- 
wance should also be made for the different 
methodologies employed, that according to 
common practice when published, involved 
radically different incubation times and 
counting techniques.

For the size fractioned experiment three 
types of presentation of the data are used: i) 
biomass (chiorophyll- a) as a function of

particle size (Figure 4-a), ii) non-normalized 
primary production (Figure 4-b), and iii) the 
productivity índex PB as a function of parti
cle size, i.e. the normalized PP spectrum (Fi
gure 4-c).

Picoplankton reached 0.2 mg Chl-a m~3, 
compared with 7.21 mg Chl- a m-3 for the 
total biomass, (Figure 4-a) this corresponds 
to 2.8% to the photosynthetic biomass in the 
chiorophyll- a máximum layerató m depth, 
while the nannoplankton contribute 16.9%. 
In an annual time series obtained in Concep
ción Bay, the highest biomass of picoplank-
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Figure 2. Photosynthesis (PB) versus incident irradiante (p.E m 
máximum depth at station 4BG.

ton has been found near the bottom at depth 
of 25 m, where it may represent up to 69% of 
the total biomass in winter (unpublished da
ta). This is consistent with the hypothesis that 
autotrophic picoplankton might be particu- 
larly well adapted to grow at low light irra- 
diances (Joint, 1987) and underlines the im- 
portance of studying the ecological role of 
the picoplankton cióse to the bottom in Con
cepción Bay and other shallow bays. On the 
other hand, the net phytoplankton was pre
dominan! (78%) during the experiment, 
which is consistent with the report that iarge 
filamentous diatom species (i.e. Skeletonema 
costatum (Greville) Cleve, 1879; Detonula pu
mita (Castracane) Schuett, 1896), are nume- 
rically predominan! in the phytoplankton as- 
semblage during the upwelling season in 
spring-summer (González et al., 1987).

The data for PB (Figure 4-c) agree with 
previous observations that the highest pho- 
tosynthetic rate is related to the smaller size

light I N T E N S I T Y

fractions of the particle-spectrum in the 
oceans (Li & Platt, 1987). The work by Mo
rris & Glover (1981) with Synechococcus and 
the results of Platt et al. (1983) for P vs I 
parameters indícate that picoplankton 
should be better adapted to low light condi- 
tions than the larger phytoplankton. The 
photosynthetic rate of picoplankton at 109 
uE m-5 s'1 was measured at 3.6 mg C(mg 
Chl— a-1)h-1, which is about twice that of 
the rest of the particle spectrum. However, 
despite its valúes for P , picoplankton pri- 
mary production accounted for only 9.5% 
(0.72 mgC m-3 h-1) of the total primary 
production (Figure 4-b), while the net phyto
plankton contributes 64.6%. Although the 
pico- and nanoplankton present similar 
contributions in terms of photosynthetic car
bón uptake (11% app), the picoplankton 
fraction shows the highest photosynthetic ef- 
fkiency (3.6 mg C (mg Chl- a)~1 h~ ’), com
pared with 0.78 mg C (mg Chl- a) ‘h 1 for

(uE/m2/s)

s"1) for samples obtained at the chlorophyll
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the nanoplankton. These data indícate that 
the picoplankton presents a photosynthetic 
efficiency five times that of the nano
plankton.

Considering the higher metabolic rales of 
picoplankton and the relatively low biomass 
of the larger fractions of the spectrum in 
winter, compared lo the smaller particles, as 
it has been found in an unpublished study, it 
is reasonable to expect that the picoplankton 
is responsible for a larger fraction of the 
photosynthate produced during the winter 
than in the summer. This means that the still 
unquantified fluxes of energy involving this 
autotrophic fraction could be quite impor- 
tant during part of the annual cycle of pro
duction in the Bay, such as the role as prey 
for microzooplankton, proposed by Gold
man & Carón (1985) for the autotrophic pi
coplankton in the bacterial loop modei. Ac- 
cording to Rassoulzadegan et al. (1988). the

40-f •
Figure 3. Chlorophyll- a (mg m~’) and estimated production (mg C m

5 
J____L

ration of bacteria ingested by ciliates varied 
from 0.1 to 1.9 ugC l“l d-1 in a Mediterra- 
nean neritic area. The picoplankton produc
tion at Concepción Bay was calculated as 8.6 
ugC l-1 d-1, therefore, assuming similar ci- 
liate bacterial ration, the ciliate populations 
could ingest between 1.2 to 22.1% of the 
picoplankton production in the bay. The evi- 
dence suggests that ciliates have also a consi
derable impact on nanoplanktonic produc
tion, consuming between 18% and 99% of 
the total nanoplankton production (Rassoul
zadegan et al., 1988). These authors repon 
that ciliates smaller than 30 p.m take 72% pico
plankton and 28% nanoplankton, those bet- 
ween 30-50 jxm take 30% pico- and 70% 
nanoplankton, while the larger ciliates (> 50 
p.m) take 95% nanoplankton and 5% pico
plankton. In turn, changes in ciliate availabi- 
lity could also have an impact at higher trop- 
hic levels such as micro-zooplankton. It has
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