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ABSTRACT

This papar reports a study on the horizontal and vertical chlorophyll and primary production distributions.
Chlorophylt & concentrations were calculated from natural fluorescence during the fall season of 1997 in the
southern part of the Gulf of Mexico. It was found a nearly homogeneous distribution of chlorophyl! (0.4 t0 2.3 mg
m?) and primary production {1.2 to 6.7 mg C m® h”) at oceanic areas, but conspicuously different values at
coastal or sediment-laden zones {12.5 - 46.6 mg m* for chiorophyll and 34 - 120 mg € m* h™ for production). The
results obtained from solar stimulated natural fluorescence are similar to those calcufated by other authors
using different methods. This method provides reliable results and can be alternatively used.

Keywords: natural fluerescence, primary productivity, southern Gulf of Mexico.

RESUMEN

En este articulo se reporta un estudio sobre las distribuciones horizontal y vertical de la clorofila y la
produccion primaria. Las concentraciones de clorofila a fueran calculadas de la fluorescencia natural durante
el otofio de 1997, en la region sur del Golfo de México. Se encontraron distribuciones homogéneas de clorofila
(0.4 2.3 mg m* y de produccion primaria {1.2 a 6.7 mg C m*h) en regiones oceanicas, pero diferentes niveles
en las zonas costeras o con presencia de sedimentos (12.5 - 4.5 mg m* de clorofilay34-120mg C m3h' enla
produccion). Los resultados abtenidos mediante la fluorescencia natural estimuiada por el sol son similares a
los calculados por otros autores usande_diferentes métodos. Los resultados muestran que este método
proporciona resultados confiables y puede ser usado en forma alternativa.

Palabras clave: fluorescencia natural, produccién primaria, sur del Goifo de México.

INTRODUCTION tion of phytoplankton and primary productivity have been sys-
tematically carried out from the beginnings of 1970's {Ei-Sayed,
1972). Thus, colour gradients across the Loop Current have
been related to phytoplankton concentrations with maximum
values being separately reported by Ednoff (1974} and Maul
(1974}, Using satellite-derived information, Mueller—Karger et
al.{1991) reported that primary production in the Gulf of Mexico
can vary from mesotrophic conditions at the shelf break to olig-

Since the 1950's the biology of the Gulf of Mexico has  Otrophic conditions at the more oceanic sites. On the other
been widely studied (Galstoff, 1954). Studies on the distribu-  hand, Signoret et al. (1998), using the "G technique found rela-

The southern Gulf of Mexico is an important economical
and ecological region due to fisheries and oil exploitation.
Petroleum exploitation in this area has received attention
with regard to potential impacts on the living resources of the
area, hence the importance of a primary production analysis
of the region,
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tively high values of primary production at the Yucatan's con-
tinental shelf but lower values at oceanic areas of the south-
ern Guif of Mexico.

Estimation of primary productivity in the southern Guif of
Mexico utilising solar stimulated natural fluorescence has not
been carried out so far, even though this technique has
proven to be adequate for this task (e. g. Valdez-Holguin et af,
1995; Garcia-Mendoza and Maske, 1996; Stegmann and
Lewis, 1997). Natural flucrescence has been widely investi-
gated as a mean for a rapid assessment of the distribution
and biomass of oceanic phytoplankion and for estimating the
rates of primary production (Kiefer et af, 1989; Chamberlain et
af., 1990).

The aim of this study is to describe the spatial variabili-
ty of chlorophyll and primary production estimated from
solar-stimulated natural flugrescence in the southern Gulf of
Mexico. So, it should provide a first insight on the distribution
pattern of primary production at regional scale using this
technigue.

THEORETICAL BACKGROUND

Natural flucrescence in the ocean can be roughly
defined as the solar stimulated emission of chlorophyll ain a
narrow band centred at 663 nm. This emission is the resulting
effect of light absorption by phytoplankion.

The retationship between natural fluorescence Fe (t, 2/
and the instantaneous rate of photosynthesis F, {t z/ can be
expressed through the following phenomenological equa-
tions:

Fit, 2) = yft, 2J* Fofs, 2 m
Foft,2) = dolt, % Foft, 2 2
Fiv o= ‘iﬂ:%g * Pyt o (3)

Where F, {t, z/is the rate of light absorption and ¢, . z} and
&t z) are the quantum yield of photosynthesis and fluores-
cence, respectively. Equation (3) shows that the prediction of
the photosynthetic rate from natural fluprescence explicitly
depends on the ratio of the quantum yields. So, when this
ratio is constant or can he predicted, reliable estimates of
F.ft z} can be obtained. Unfortunately, this is not always the
case and alternative and empirical solutions have been sug-
gested {e. g. Chamberlain et al, 1990).

Kiefer et al, {1989) proposed that Fa(tz) could be
approximated by the following relationship:

F,(t 7} = ac(PAR}* Ey(PAR) {4)
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where ac stands for the absorption coefficient for phyto-
plankion (m™) and E; is the scalar irradiance (Eins m?s7). The
argument in both magnitudes indicates integration over the
spectrum of visible light (400 — 700 nm}, which corresponds to
the photosynthetically available radiation (PAR).

Hence, the flux of natural fluorescence can be written
as:

Ff(r’ Z) = Ff(t! Z) = ¢f(r1 Z)*GC(PAR, tﬁ z)* EO(PAR' L, Z) ‘5)

Gordon (1979) defined the product ¢ftz)*ac(PAR, t z) as
the natural fluorescence coefficient ¢yt z. Then, the relation-
ship between chlorophyll a concentration and natural fluores-
cence can be expressed in terms of ¥, ¢y and the mean
chlorophyll & (Chl} specific absorption coefficient, ac{PARtz)
for the phytoplankton, as follows {Gordon, 1979; Kishino et af,,
1984; Topliss, 1985; Chamberlain et af, 1990):

— e, 2)
Chi(t, z) = {6}
(h2) [‘ac(PAR, 1, Z)* (1, 2)]

Likewise, daily rates of gross photosynthesis, F,(z, 24h)
can be estimated at depth through «; EOfPAR, z, 24 h) and the
daily mean value for the quantum yields ratio {¢, ¢¢), accord-
ingly to the following expression:

F.(z 24h) = (b,:dy}*uy(s, 27* EAPAR. 24h, 2) {7}

However, in this study, the daily rates of photosynthesis
were evaluated during the daylight period instead of 24 hrs.

STUDY AREA

The study area is located at the southern region of the
Gulf of Mexicg, hetween 18°4%" and 22°15° N, and 89°45" and
92°45' W. Two main rivers discharge fresh water into the area:
the Coatzacoaicos and the Grijalva~Usumacinta. These rivers
are the main sediment sources for the inshore and offshore
areas and they represent approximately one-third of all the
fluvial discharge in Mexico {Carranza-Edwards et al, 1993).
The Terminos lagoon is located in the southern portion of the
region. Circulation inthe region is cyclonic, driven by an eddy
formed at the east, with a westward displacement (Molinari
et al,, 1978). The annual precipitation reaches 4.5 m and there
is an average of 160 cloudy days per year.

The region covers a number of physiographic areas that
include Campeche Bank and Campeche Bay, according to
Antoine’s classification (Antoine, 1972). Figure 1 shows the
main features of the region.

Campeche Bank. It is an extensive and almost flat car-
bonate region bordered to the west by the Tabasco-Campeche
Basin and to the east by the Yucatan straits. This region is

Hidrobiolégica
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Figure 1. General description and location of study area: A)
Campeche Bank; B} Campeche Bay; C) Campeche Canyon; D)
Mexican ridges; E) Yucatan Peninsula; 1) Tuxpan River; 2) Cazones
Rivar; 3) Tecolutla River: 4) Coatzacoalcos River: 5) Grijalva-
Usumaginta rivers; 6) Terminas lagoon.

influenced by upwellings along the coast of Yucatan peninsu-
la. There is a strong current derived from the Gulf Stream
entering through the strait. It is a shallow area with depths
ranging hetween 20 -- 200 meters. On the western side of
Campeche Bank there is a submarine canyen marking the end
of the carbonated area of Campeche Bank and the beginning
of the continental shelf. It is known as the Campeche Canyon.
Campeche Bay. This region is located in the southern portion
of the Gulf of Mexico, imited by parallel 21° N and by the
coasts of the states of Veracruz, Tabasco, Campeche and
Yucatan to the east, south and west, respectively. It is the
seaward extension of the Tabasco—Campeche Basin. The bay,
opened toward the Gulf, is bounded on the east by the
Campeche Bank, on the south and southwest by the Sierra
Madre Oriental. The bordering coastal plain is low, poorly
drained and swampy. Circulation within the bay is influenced
by the current coming from the Campeche Bank, which is
produced by the Yucatan current and Yucatan upwelling
{Herndndez-Téllez et a!, 1993). The rainy season, from May to
October (Garcfa, 1988), produces the input of fresh water into
the bay through the Grijalva—Usumacinta rivers. Fresh water
input diminishes the salinity and modifies seawater
temperature, creating a coastal front {Monreal-Gémez et af,,
1992). It is a deeper oceanic region {2000 — 3500 meters).

METHODS AND MATERIALS

The study was conducted with measurements carried
out on board the R/V Justo Sierra (UNAM) from October 3 to
13, 1997. Sampling stations were evenly distributed in a
0.5° X 0.5° latitude/longitude grid {figure 2). Navigation time
from one station to other was about 3 hours long, and the
sampling time was around 1 hour at each station. Thus, a total
of 91 stations were sampled hoth during daytime and night-
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Figure 2. Sampling sites during FiIBAC-III campaign. Asterisks mark
the hydrographic daytime stations where natural fluorescence
measurements were carried out. Arrows indicate vessel
navigation.

time hours during the cruise. For the purposes of this study,
only daytime stations are considered since they are suitable
for measuring solar stimulated natural fluorescence.
However, not all of these stations were sampled because of
an instrumental electronic failure at the beginning of the
cruise and of the onset of adverse weather conditions around
October 14Th. Therefore, the study was carried out at 17 sta-
tions distributed along the southern Gulf of Mexico. Five sta-
tions were located at the Campeche Bank (1, 2, 5, 12, 16); nine
stations were located at the Campeche Bay (3, 4,6, 7, 8 9, 10,
11, 15}, two stations were located close to Campeche Canyon
{13, 14}; one coastal station (17) was located between the dis-
charging areas of the Coatzacoalcos and Grijalva—Usumacinta
rivers.

Mean pigment concentration at the euphotic depth was
estimated from the model proposed by Morel and Berthon
{1989). For each site, the water column was characterised and
the variation of primary production was described. Day length
period was of 11.40 h, and was calculated as described by Kirk
(1983].

Natural Fluorescence

Vertical profiles of upwelling radiance at the fluores-
cence wavelength (Lu683), scalar PAR irradiance, water tem-
perature and pressure {depth) were recorded with a Profiling
Natural Fluorometer (PNF-300, Biospherical Instruments), It is
a small, lightweight instrument attached to a metal frame.
The instrument was lowered into the surface from the stern of
the ship by hand, avoiding ship shadowing which may intro-
duce errors up to 30% (Gordon, 1985). The PFN-300 was
equipped with 200 m of conducting cable that provided
real-time profiles on a personal computer onhoard ship.
Vertical profiles of the total diffuse attenuation coefficient,
kPAR (m"), were obtained from 20-point smoothed PAR pro-
files (Chamberlain et af, 1990). Instruments and sensors were
calibrated prior the campaign.
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Primary Productivity

* Estimates of primary productivity and biomass were
obtained from natural fluorescence measurements of phyto-
plankton. It is assumed that all of the natural fluorescence
{radiance centred at 683 nm) measured with the profiler is
due to chiorophyll a. In order to estimate productivity using
this method, the ratio of natural fiuorescence is related to the
photosynthetic ratio by means of an empirical equation pro-

posed by Chamberlain ot a/, (1990), which is related to equa-

tion (3). They found that the ratio of the gquantum yields,
{$c:¢f), rather than being constant or predictable, decreases
with increasing light intensity. This empirical equation can be
expressed as a function of time and depth (£, z), as follows:

(FooFph = (o) (e ipmad™ [(T;m (®)

where (¢c:dflye, is an empirical constant reprasenting the
maximum value of the ratio of quantum yields and ks anoth-
er empirical constant which stands for the value of irradiance
when the ratio is equal to half its maximum value. Quantum
yields ratios were calculated from equation (3} by plotting F,
vs. F. The slope of the curve is the guantum yields ratio
{e:of). Thus, the quantum yield ratio and therefore the ratio
of carbon assimilation to fluorescence emission is a function
of irradiance. In Chamberlain et ai's model (1990), the "best-
fit' value for the ratic between the quantum efficiencies of
photosynthesis and fluorescence was 2.3 assimilated carbon
atoms per photon emitted, and an irradiance value of 133 mE
m? ", Hence, solving for the photosynthesis term F{z, z), the
following equation is obtained:

_ 1PF2)
Fn) = [23%( 3y E, (IP;R) ) )

. Thus, this equation relates photosynthetic rate to natu-
ral fluorescence and irradiance.

RESULTS
Natural fluorescence

~ The relationship derived by Kiefer et al. {1989) was used
to calculate the volume natural flucrescence emission {mol
quanta m*s’) from the Lu683 signal (mol quanta ms’'str’}
according to the following equation:

IE = 47TLM(K+an) (9’

where « is the diffuse attenuation coefficient for downward
irradiance, a, is the attenuation coefficient for the fluores-
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Table 1.

Description of geographical location, light, and
temperature conditions of the sampling stations.
Station  Sampling  Sampling  Geegraphical Phatic  Thermacline
date time () position layer {m} {m)
1 10/3/97 09:47  215°N;-91.5°W (L 0
2 10/3/97 1248 215°N; -92°W % %
3 10/4/97 1454 215°N; -98°W 2 50
4 10/5/97 11:48  21°N; 94°W 3% 3
5 10/5/97 1542 21°N;-9T°W 2 30
B 10/6/97 1305 20.5°N;-93.5W ko H
7 10/7/97 15:08  20.5°N; -M4°W 30 Vi
8 10/8/97 1125 205°N; -945°W 30 4%
9 10/8/97 1507 205°N; --95°W 3 30
10 10/9/97 1110 2°N;-3°W 30 30
1 19/9/97 1445 20°N; -945°W 3 #
12 1010/97 123 20°N;-91.5°W K} k|

13 0187 08:30
14 101197 m -
15 10/11/97 1406 195°N; ~34°W 3 36
16 1012/97 1520 1N -925°W 30 20
17 10/13/97 028 185N N; 34w 4

195°N; -93°W 5
195°N; -93.5°W ]

cence emission on the path of the sensor, and 4 is a geo-
metric constant to convert the radiance 1o volume emission
and indicates the assumption of isctropy.

Distribution Patterns of chiorophyl! a and primary productivity.

The stations sampled in this cruise virtually cover the
southern part of the Gulf of Mexico over a wide geographic
range. Tahle 1 shows representative spatial and vertical struc-
ture of temperature, light conditions, chlorophyli 2 and primary
production.

Spatial variahility of Chlorophyli a and productivity rates.

The distribution of chlorophyll a in surface waters, as
measured by fluorescence, shows variations due to geo-
graphical characteristics. Relatively high chlorophyll a con-
centrations ranging from 12.5 to 46.6 mg m~ were found at the
coastal location (17), at areas under Yucatan's upwelling
influence {1} and close to Campeche Canyon (13, 14}. The
standing crop values over the remaining stations in the region
studied were, in general, low. Chlorophyll a values range in
these stations from 0.6 to 2.3 mg m?, with a mean value of 1.1
(o = 051y mg m*. '

The mean total primary productivity at oceanic lecations
was 2.5 (o = 1.6) mg C m* k" and varied from 1.2 t0 6.7 mg C m*®
h. Primary productivity estimates at stations influenced by top-
ographical features ranged from 34 to 120 mg C m*® h". The
highest rates were found at stations near Campeche Canyon.

Hidrobieldgica
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Integrated values of Chlorophyll a and productivity rates.

Integrated euphotic zone chlorophyll a contents showed
moderately high values {> 9.5 and < 20 mg m? in most of the
oceanic sampling areas located at Campeche Bay, except for
coastal regions including station 1 within Yucatan’s upwelling
influence and stations 13 and 14 located at Campeche Canyon
that reached values between 33.8 and 116.6 mg m? Stations
tocated at Campeche Bank also showed moderately high val-
ues, which seems to be characteristic of the zone {Sackett,
1972). The mean of depth-integrated chlorophyll a at oceanic
areas was of 19.3 (o = 11.6} mg m?, with no appreciable dis-
tribution pattern.

Daily-integrated primary productivity rates ranged from
101 to 1990 mg C m? cay". Lowest rate values were found at
oceanic areas with a mean value of 192.4 (¢ = 65.4) mg C m*
day", excluding stations 8 and 10 which presented relatively
high productivity rates of 518.6 and 673.4 mg C m? day".
Stations influenced by topographical features had the highest
productivity rates ranging from 504.1 to 1989.4 mg C m? day".

Vertical Distributions.

Based on differences due to geographical location
alone, variations in hydrographic and biological characteris-
tics between stations were expected. Such differences are
clearly found in the temperature vertical profiles. Thus water
temperatures at Campeche Bank were rather homogeneous
in the upper 20 to 30 m, whilst those at Campeche Bay showed
a wider thermocline range from 27 to 50 m. Shallow stations
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Figure 3. Vertical profilas of temperature. Campeche Bay: The
thermocline variation in the region are shown for four sampling
points (S.P]: A} S. P. 3 shows a deep thermaciine, whilst B) S. P. 11
shows a smaller one; Campeche Bank: C} S. P. 12 shows a shorter
thermocline; Coastal areas: D) S. P. 17, between Coatzacoalcos and
Grijalva-Usumacinta rivers, shows no thermocline.
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located at the coast and near Campeche Canyon showed no
thermocline. Figure 3 exemplifies these general trends.

Photic zones in the study area were found to be between
a 25to 35 m range for nearly all stations. Four stations were out
of this range: a} Station 1, located at Campeche Bank, with a
photic zone of 10 m, presumably influenced by the Yucatan
upwelling current; b) stations 13, 14, located near Campeche
Canyon, with 5 m photic zone, mainly affected by sediment
transpart ocourring at the interface and ¢) station 17, located
near the Tabasco-Campeche coast, with a 4 m photic zone,
opticaily affected by the discharges of Coatzacoalcos river
and, to a lesser extent, by Grijalva-Usumacinta rivers.

Vertical distributions of chlorophyli 2 showed different pat-
terns. Stations 3, 4, 5, 8, 12, and 15 were nearly homogeneously
mixed with depth. Stations 1, 2,6, 7,9, 16, 11, and 16 were char-
acterised by a chlorophyll rich layer concentrated in the upper
20 - 40 m, excluding station 16 that presented a 60 m depth max-
imum. Stations 13, 14, and 17 showed near superficial chforophyll
a maxima, located in the upper 10 m. Figure 4 shows examples
of each one of these distribution patterns.

At the 17 stations the phytoplanktonic biomass was sim-
ilar as reflected by the chlorophyll a concentration, which
ranged from 0.4 to 2.3 mg m?, within the oceanic stations and
from 12.5 to 46.6 mg m* at the sediment-laden stations. To
compare both cases, we normalised the production parame-
ters to biomass, Pg, which is the ratio of carbon fixed to the
concentration of chlorophyll a, expressed as nmol C (mg Chl
al's". The values of Py obtained as a function of the corre-
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Figure 4. Vertical distributions of chlorophyll a. Campeche Bank: A)
5. P 1, shows a chlorophyll fayer concentrated in the uppar 30 m,
whils B S. P. 16 presents a 60 m depth maximum. Campeche Bay:
C) Station 8 presents a nearly homogeneousiy distribution along
the profile. Coastal areas: D} Station 17 shows near superficial
chlorophyll @ maxima, located in the uppsr 10m.
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Figure 5. Photosynthetic Paremeters. Values of PB {nmal C (mg Chl
al" ") abtained as a function of the corresponding values of PAR

{E m*s). Oceanic stations contributed with low values in bath

axes and accounted for the initial slope of the curve (o), whilst
sediment-lader: stations had higher values and accounted for the

assimilation number {PgM}.

sponding values of PAR (¢E m?s”) are shown in figure 5. The
curve obtained is related to conventional P versus | curves,
hut it differs fram them since irradiance is not constant at
each depth. In this curve, which includes all of the stations,
oceanic stations’ values were lower and accounted for the
linear interval of the curve {a®), whilst those for the sediment-
laden stations faid within the assimilation number Pg. The
values found for these parameters are: a® = 4.5 nmol C (mg
Chl &) s* uEins m* and Py = 900 nmol C {mg Chl a)" 5. The
nearly "perfect’ shape of the curve suggests aither that pri-
mary productivity estimates obtained from the PNF-300 instru-
ment follow a pre-established mode! such as those proposed
by Platt ef al, (1980} or Geider and Osborne (1992}, or it is
rather a consequence of equation {9}, since Py depends sole-
ly on the measured flucrescence. It must be noted that pho-
toinhibition did not occur at these values of PAR.

Evaluating the relationship hetween primary production
and natural fluorescence, a mean value for the ratio of guan-
tum yields {¢/af) of 1.2 (o = 0.07) was found, suggesting that
around 12 photons flusresced per 10 carbon atoms fixed. This
result is close to the value of 1.5 reported by Chamberlain et
al., (1990). Values of quantum yield ratios of each station are
included in Table 2.

The relationship between measured fluorescence nor-
malised te chlorophyll vs. PAR is shown in figure 6, which
exemplifies deep (figure 6a) and shallow waters (figure 6b).
Fluorescence, at the stations exemplified here, increased
with increasing PAR and did not decline at higher irradiance
intensities.
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Table 2. Values of mean and integrated chlerophyll a in the phatic
zone (Ze), mean and integrated primary productivity rates and
guantum efficiency ratio for each of the sampling stations.

Station <Chla> Integrated Primary productivity Integrated primary
fmgm®  Chla rate {mgC/meh) productivity rate o/,
Z, [mg m?] [mgC m? day}
1 125 627 345 1169.6 117
z 09 83 24 028 114
3 04 6.9 12 1264 1.6
4 11 191 24 284.6 129
5 04 15.3 ¥ 186.6 119
] 10 176 25 277 134
7 0.8 98 14 145.9 130
8 18 213 52 5186 137
9 09 149 16 167.6 1.2%
10 23 35.0 6.7 6734 132
1 09 142 15 156.8 117
12 1.1 179 27 2821 117
13 466 116.6 1199 19894 117
134 ne 409 83.9 1.16
15 08 98 09 1011 116
16 08 123 17 1750 1.2
7 255 413 38 504.1 1.3
DISCUSSION

In this paper we presented results from a cruise to the
southern Gulf of Mexico in October 1997 where both biologi-
cal and optical measurements were carried out. Cruise sta-
tions covered a number of geological and geographic
environments, which was reflected in the temperature,
chlorophyll a distributions and primary productivity rates.
Thus, two distinct regions were detected, firstly, a region
comprehending shallow coastal areas, upwelling and zones
influenced by submarine topography, and secondly, deeper
areas with oceanic characteristics. These regions can be
clearly appreciated in satellite imagery.

In this study we assumed that primary productivity esti-
mations made with natural fluoreseence are consistent with
in situ data measured with traditional technigues such as “C
after encouraging results reported by other researchers
{Chamberlain et af, 1990; Valdez-Holguin et af, 1995; Garcia-
Mendoza and Maske, 1996; Stegmann and Lewis, 1997) and,
therefore, it can be used on its own, as a reliable method for
this task.

In the coastal, and topographically influenced regions,
several physical processes, such as mixing, upwelling, or
advection, are responsible for the generation of fronts
{Monreal-Gémez and Salas de Ledn, 1990). These fronts are

Hidrobioldgica
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Figure B. Relationship between measured fluorescence normalised
ta chlorophyll [nE m* sr's” {mg Chl &)} vs. PAR (uE m?s”) for deep
waters {6a, top) and shallow waters {6b, bottom). Chlorophy!l
normalised fluorescence increased with increasing PAR.

nutrient-rich ‘environments; therefore the productivity rates
hare were higher. However, these magnitudes must be con-
sidered cautiously due to the amount of terrigenous suspend-
ed seditment that may be present along with phytoplankton as
reported by Carranza-Edwards et af. (1993). Due to the mor-
phology of the basin, the different currents, upwelling and
river discharge, the water chemistry (nutrients} and physical
environment (light availability, vertical mixing, depth of the
photic zone) the system is guita complex. Therefore, this is
very likely to have an impact on the calculation of quantum
efficiencies for fluorescence.

The mean of depth-integrated chlorophyil a stock in the
area was lower than those reported in other Mexican waters
such as the Gulf of California (Valdez-Holguin et al.,, 1995) or the
Gulf of Tehuantepec {Fobles-Jarera and Lara-Lara, 1993). The
main reason accounting for this difference is that these two
regions are weli known for their high rates of primary produc-
tivity. However, the value of the mean is similar to that report-
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ed by El-Sayed {1972} for the Gulf of Mexico, who found mean
values for primary production and chlorophyli a concentra-
tions, over a seven year period {1964 - 1971), of 0.35 mg Cm* hr-
1{6.63 mg C m2 hr'} and 0.20 mg m* {12.42 mg m?}, respectively.
The values reported in this paper are also in the range found by
Signoret et al,, (1398 who reported relatively high values of pri-
mary production (0.84 - 2.11 g C m* day") and of integrated
chlorophyl! & (13.28 — 36.85 mg m? near the Yucatan's conti-
nental shelf, whilst lower values were found at the southern
and western oceanic zones of the Gulf of Mexico.

The integrated primary productivity estimated from
solar-stimulated natural fluorescence shows variations that
are possibly associated, on one hand, to the time of the day
stations were sampled and, consequently, to in situ irradi-
ance variations (Kirk, 1983} and, on the other hand, to the
extrapolation of productivity for the day length.

Natural fluorescence measurements can be used as an
alternative and reliable approach for estimating primary pro-
duction, although it will not do any harm to eventually com-
bine in situ primary productivity data, measured with
traditional techniques, such as “C, and natural fluorescence
profiles. This combination will support the results and can be
important for calibration purposss.
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