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PHYTOPLANKTON BIOMASS DISTRIBUTION AND RELATIONSHIP
TO NUTRIENT ENRICHMENT DURING AN UPWELLING EVENT

OFF CONCEPCIÓN BAY CHILE*

Distribución de la biomasa fitoplanctónica y su relación con los nutrientes

durante un evento de surgencia en la Bahía de Concepción, Chile

Ramón Ahumada**. Patricia Matrai AND Nelson Silva

RESUMEN

Se describe la distribución de corto periodo, de variables

hidrográficas y pigmentos fotosintéticos, durante un evento

de surgencia costera frente a la Bahía de Concepción. Les

vientos locales registrados durante el periodo de muestreo

fueron débiles y variables, pero representativos del patrón de

primavera. Fue posible observar los cambios de las variables,

que correspondieron a diferentes fases de un evento de sur-

gencia: i) una fase de surgencia activa (27-29 de octubre), ii)

un período de relajación (30 de octubre), y iii) una fase restitu-

tiva del evento (3 1 de octubre). Además se presentan las ob-

servaciones de la intrusión de aguas subsuperficiales al inte-

rior de la Bahia de Concepción y sus efectos de fertilización

de este sistema, expresado por las altas concentraciones de

biomasa fitoplanctónica. El forzamiento fisico que sustentó el

incremento de la biomasa en la bahía tuvo una dinámica dife-

raite de la duración de los eventos de surgencia que ocurren

en la costa abierta. La interrupción de los vientos favorables a

la surgencia, por más de cinco días, no produjo una respuesta

de magnitud equivalente en estos sistemas.

ABSTRACT

The hydrographic variables and photosynthetic pigments

distribution were followed and desaibed over days time

scale, during a single upwelling event off Concepción Hay.

During the sampling time, local winds were weak and

variable although following a spring pattern. It was possible

to detect three phases of an "upwelling event" during one

week observation: i) an active upwelling phase (October 27"'

to 29"'), ii) a relaxation phase (October 30*) and iii) a

restitution phase (October 3F'). The spreading effects of

upwelled water were observed by the fertilization of the

embayment and the production of a sharp subsequent

increment on phytoplankton biomass. The physical support

of the large biomass had a time scale dynamic diferent

inside the bay, when it is compared to a coastal upwelling

event off the bay. The onset of the favourable upwelling

winds for a period longer than five days did not produce

changes on hydrographic distribution on the observed

pararaeters within the bay.
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INTRODUCTION

Coastal upwelling zones have been described

as áreas with high biological productivity and
biomass, with input of nutrient to the photic

zone from subsurface waters (Boje and
Tomczack, 1978; Margalef, 1978). An upwelling

event can be defined as the period of time where
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subsurface waters reach the sea surface. This

process is not a continuum and it is produced

under the effects of favourable winds pulses.

There are two factors to initiate the upwelling

event: i. The favourable wind persistency to

bring up the subsurfase water to the surfase. ii.

The threshold intensity to maintain the process

over the time. An upwelling period can be

defined as an interval where upwelling events

occur more frequently under the seasonal

dominance of favourable winds. Although, the

upwelling events or system pulses would have a

time scale of several days to a week, they are

seasonal phenomena in the Southwest Pacific,

where coastal upwelling events are most likely to

occur during the summer, when the winds blow
southward along the coastline (Smith, 1968).

Different coastal áreas, along the Chilean coast,

have been described as potentially favourable to

coastal upwelling (Fonseca & Parías, 1987). One
of them is Concepción Bay and is located

between 36° and 37° South Latitude.

Concepción Bay is a restricted coastal área

with two mouths (both of them oriented toward

the North) and located in the central región of

Chile, where the coastline has a general North-

FlGURE 1,- Hydrographic stalions samples in Concepción Bay showing Section 1 and Section II. AA indicates location of

moored Aanderaa current-meter. EMB = Bellavista Meteorológica! Slation.
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South direction. Concepción Bay acts as a

natural extensión of the coastline for tiie

alongshore dominant flows of the coastal current

system (Fig. 1). This location plays an important

role on the intrusión of subsurface waters inte

the bay during upwelling periods. An extensive

lens of cold nutrient-rich-upwelled water has

been observed off-bay (Brandhorst, 1963 and

1971; Neshyba & Méndez, 1976; Espinoza,

Neshyba & Maoxiang, 1973). Studies on

Concepción Bay have confirmed the presence of

offshore subsurface waters inside the bay with

seasonal appearance and the late upwelling of

these subsurface waters (Ahumada & Chuecas,

1979; Ahumada et ai, 1983). However, the

sampling frequency {Le., monthly) of these

studies provides a limited view of the upwelling

effects at the bay, related to the fertilization by

advective nutrients and the plant biomass

present in the coastal waters. The extent of an

upwelling event may occur in few days (i.e., two

or three) whereas the development of the whole

process can take place in a week (Arcos et al.,

1987). From this point of view, the time scale

(frequency) of experiments must be taken into

account.

Concepción Bay sustains high concentrations

of zooplankton (Bernal, pers. com.) and it is the

second most important spawning ground in the

southem central part of Chile, in which is

possible to find a great abundance of larvae of

important commercial fisheries, such as sardine

[Clupea (Strangomera) bentinckí], anchovy

[Engraulis ringens] and herring \Ethmidium

maculatum] (Mujica & Rojas, 1980).

The present study has been motivated by the

necessity of a better understanding of the effects

of an upwelling event on the biomass production.

This paper analyzes: wind velocities, current

distribution over the continental shelf, physical

and Chemical characteristics of the upwelling and

discuss photosynthetic pigment distribution

inside and outside Concepción Bay.

the longitudinal axis of the bay (Section II: facing

north, see Fig. 1). In the first part of Section I,

along the 100 m isobath, an Aandera RCM4
current meter was moored at 50 m below the

surface measuring current velocity every 15

minutes. The current meter recorded 1097 hours

(October 21^1 to December 7* 1979) (The

analysis of the current meter data has been

reported by Blanco, 1984). Wind velocities were

measured at Bellavista Meteorological Station

(4.5 Km. South of the head of the bay),

University of Concepción.

Water samples for temperature, salinity,

oxygen, nutrients and phytoplankton pigments

were coUected from pre-fixed depths, over the

range 0-100 m, using Nansen (1.21) and Van
Dom (3.51) bottles at all stations. Temperature

was measured with reversing thermometers.

Salinity was determined with an induction

salinometer AUTOLAB 601 MK III. Disolved

oxygen content was measured using the modified

Winkler method (Carpenter, 1965). Nutrient

analysis were done after sample filtration,

according to Strickland & Parsons (1968). For

phosphates analysis a secondary obsorvance

pick, at 710 nm wavelength, was used instead of

primary peak at 885 nm, as suggested by

Strickland & Parson (op. cit), due to the limited

wavelength range of the available

spectrophotometer (Perkin Elmer 124). For the

pigments analysis (chlorophyls, carotenes and

phaeopigments) a volume of one liter was filtered

through a 0.35 u cellulose acétate filter. Pigment

extraction and spectrophotometric analysis were

conducted according to SCOR-UNESCO (1966)

and Lorenzen (1967). Statistical calculations

were achieved following Sockal and Rolf (1981)

techniques. Pigment average over the water

column was calculated and normalized by

dividing the amount of pigment by the maximal

depht sampled at each station.

RESULTS

METHODS

Samples were coUected at eight stations: four of

them arranged perpendiculariy to the coastline

(Section I: toward West) and four located along

Annual winds scale of Concepción área usually

shows a clear seasonal pattem being south and

Southwest winds dominant during spring and

•summer (September to April) and north during

autumn and winter (May to August) (U.
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Figure 2.- October frequencies of wind directions, in the

diagram; dark, bars show thirteen year average and light bar

show October of 1979.

Concepción, 1979). Early spring months show a

high variability on the winds dominance pattem,

but a behavioural tendency is Consolidated on

the late month of the same season. October 1 979,

when this research took place, was not an

exception to this general pattem (Fig. 2).

Nevertheless a short period of observations was

necessary in orden to stablish the relationship

between the local wind forcing the surface water

and advection process. A record of winds and

currents registered for the mooring period

(October 24 to December 28), showed a wind

average speed of 4.63 m s' to south. Shelf

currents measured at 50 m depth had a speed

average of 9.3 cm s' to west (Blanco, 1984). The
analysis of these series revealed on one hand a

timelag of 1 8 hours approximately between the

wind changes and current responses at 50 m
depth (Fig. 3). On the other hand, current

intensity response seemed to be independent

from wind intensity.

The north-south components of wind stress

(Fig. 4), averaged on 6 h running mean, for the

period of hidrographic field sampling. On a day

basis scale, strong favourable upwelling winds

occurred one day before sampling (negative

valúes of tau) and variables winds for the period

were also found. Weak northward winds were

observed before the onset of the event (28

October), followed by increasing northward

winds (29 October). After a calm period in the

moming of October the 30^^, the still dominant

alongshore northward component of the stress

shifted towards south later in the day.

These behaviours were also reflected in the

general hydrography of the bay: the cold

subsurface waters, with a temperature near to 10
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Figure 3.- Stick diagram showing; a) Winds and b) Current at 50 m depth off Concepción Bay, from October 23'" to

December 30'\ 1979. (After Blanco, 1984).
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Figure 6.- Vertical section for density (Sigma-t) and dissolved oxygen (mlO, T') during field sampling.

The spatial salinity distribution on the

sections is showed in Figure 5b. Salinity was

homogeneous and the valúes were cióse to 34.4 x

10'3 at all of the water column. A surface lens of

less saüne waters was located on the shelf waters,

near the mouth of the bay.

Figure 6a shows the vertical distribution of

density in the water column. Density was

expressed as sigma-t units, showing a maximal

range of 4.0 units. On the figure it is possible to

observe that a surface light density core over the

shelf waters increased the stratification.

Homogeneous high density water was observed

in the whole bay. On the second day the core was

reduced and transported to the bay mouth,

Turbulence and mixing induced a decreased

density on the superficial water inside the bay.

Oxygen vertical distribution shows strong

gradient from surface to near bottom waters (Fig

6b). Surface valúes were over the saturation

point and only at 40 m depth inside the bay were

detected valúes near anoxia. Oxygen content of

the water column indicated three layers: a

bottom layer with low oxygen content (<1 mi

12
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Figure 8,- Vertical section for temperature (M P-PC)^4) and Chlorophyll a (mg Chl a m"-') during field sampling.

than in the shelf waterbody. This fact constitutes

a cualitative evidence that the denitrification

occurs as permanent process on Concepción Bay

during the upwelling event (Ahumada et al,

1984a).

Phosphates were found to have a vertical

distribution similar to nitrates but in this case the

concentration valúes are maintain as long as the

waters reached the bay. The highest valúes of

concentrations were 2.5 uM, being the

máximum valúes 3.2 uM (Fig. 8a).

Finally, data obtained in this high frecuency

sampling were used to characterized the waters

mass involved in the upwelling process. The.

mean valúes of the different parameters of the

upwelled water were presented in Table I. The
variances and variation coefficient show a stable

water body. Salinity valué of 34.5 x lO'^ defined

a lower limit of Equatorial Sub-Surface Waters

(ESSW) for this latitude (Silva & Konow, 1975).

14
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Table i.- Ranges and Mean valúes of ESSW off Concepción Bay. Variación coefficient is expressed as percentage (N = 45
valúes).

Salinity

gr/Kg

34.50-34.60

5=34.55

SD=0.03
CV = 0.08

Temperature

°C

Oxygen

mi 0,/l

Density

Sigma-t

9.6M0.26

f=9.96

SD= 0.21

CV = 2.08

0.27-1.17

= 0.91

= 0.37

CV = 40.6

SD =

26.56-26.72

8; = 26.63

SD = 0.05

CV = 0.18

Nitrate

23.3-31.3

^63 = 27.8

SD = 2.10

CV = 7.56

Nitrite

yM

0,10-1.34

A'a2 = 0.40

SD = 0.29

CV = 72.0

Phosphaie

UM

2.55-3.21

= 2.90

SD = 0.21

CV = 7.24

PC^

To analize the spacial distribution of

phytoplakton biomass three types of pigments

were measured: Chlorophyll a., Carotenes and

Phaeopigments. The results of integrated valúes

for the hydrographic stations can be seen in

Table II.

Tabla II. Integrated valúes (mg m-^) and raeans valúes (mg m-3) of pigments over the sections during the different stages of

an UpweUing event, at Concepción Bay.
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Tabla III.- Average concentration of major photosynthetic pigment, over time on the field sampling for each

station.

HYDROGRAPHIC STATIONS

Pigments
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towards the bay. The spatial overlap of this

isolines suggests the occurrence of a reduction

process, derived from an oxygen minima and the

organic demand from recently formed sediments.

An increase of reactive phosphate
concentrations in the bay in relationship to the

concentration of ESSW, helps to confirm the

idea of an oxidative origin of phosphates. The

major nutrients suppiy was found on the

advection of ESSW at the bay. Oxidative

nutrients were not important, because the low

oxygen' concentration produced an

impoverishment of nitrate contení to tum it as a

limited nitrogen system (Ahumada etal., 1984b).

The chlorophyll a distribution found and its

evolution in time also supports the existence of

different stages in the upwelling event previously

described. Thus, on the 29'*^ of October, the

highest concentrations were located at the back

of the bay (Table II and Fig. 11) with average

valúes up to 24 mg Chl a m'^.

The vertical section of chlorophyll a showed

two clearly defined systems: the first one

corresponding to the bay and second one to the

adjacent shelf. Table IV shows the changes in

pigment concentration inside the bay {i.e., Sts.

4BG to 7), the adjacent shelf áreas and the entire

transect. The highest chlorophyll a

concentration, can be mainly related to a

minimum stability inside the bay. The daily

variations could be explained by the relaxation of

upwelling and a decrement in the biomass on the

30"^ and by a biomass increasement on the 3F^

when reactivation by southward winds was

observed.

Table IV. Daily weighted* average of photosynthetic pigments of coastal zone of Concepción.

Date
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out, which originates the photosynthetic pigment

gradient towards the extemal zone of the day.

Detected changes in the pigments distribution, at

different stages of the upwelling event were not

noticeable and they do not show a clear answer

to the problem. This situation is probably due to

the fact that the phytoplankton tum over rate is

longer than 24 hours. Henee, it could be inferred

that the required time for registering any

detectable change in pigments production should

be longer than 48 hours. This fact would

reinforce the concept of an advective change

related to pigments concentration.

Phaeopigments were accounted for a significant

fraction of the Chl a derived produced by the

hydrolysis when it passed through the guts of

zooplankton (Shuman & Lorenzen, 1975).

Instead the phaeopigments average were 24.5%

of the Chl a at the bay, percentage which is

slightly lesser than the average of shelf water.

Although the proportional concentration is

maintained in-and-outside the bay (24.5%). The

bay bulk content of phaeopigments was higther

as twice the external valué.

The most relevant oceanographic features

observed in this área were: i) Low surface

salinity, ii) high stability of the water column in

the adjacent shelf área, with strong stratification

"enhancing phytoplankton patchiness", iii) high

phytoplankton biomass sustained by the

Concepción Bay, iv) high zooplankton biomass

with volumes larger than 25 mi 100 m"^ (Mujica

and Rojas, 1980) and v) a dynamic system

providing a long residence time (i.e., 4-20 days)

for fish eggs and larvae in shallow waters (Arcos

andWilson, 1984).

In conclusión an upwelling event was

detected in the shelf waters off Bahia de

Concepción in October 1979. The Equatorial

Subsurface Water mass was identified as being

involved in the process. The upwelled water mass

spreading over the bottom into the bay, showed

a surprising continuity in stratification for such

shallow waters. Inside the bay the preformed

,nutrient concentrations, as inorganic nitrogen

icompound, were modified before reaching the

-euphotic zone, most probably by redox processes

.due to low oxygen concentration. Upwelling

,nutrient load was the most important input of

,nutrient during the spring-summer seasons.

Intemal processes as advection, wind turbulent

mix, tides, chemical redox processes and

biological uptake modified the nutrient

distribution and produced the typical gradient of

specific pattem of the bay. Observing the vertical

,parameters distributions and "the pattem of

.fluxes inside the bay (Ahumada & Chuecas,

1979) it can be suggested the existence of two

vertical layers: one subsuperficial and that moves

towards the head of the bay and a flushing

superficial layer. In this squematic representation

an important biomass content was transportad

by the advection away from the bay. As the

relaxation time during the upwelling period was

short, weak and developed between two

upwelling events, the advected production plume

from the bay was not completely destroyed.

Therefore an important biomass corítent

produced on the bay (phytoplankton biomass up

to 35 mg Chl a m'^) was used to sustain high

concentrations of zooplankton. Furthermore an

important fraction of it was transported and

dispersed outside the bay.
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