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l'Rf,'UMINAR Y R/,'SLLTS OF Till:' STl /)} OF Mf,'Tf,'OROU)<:JCAL 
FFFHCTS OS Tin' PRODCCTIV/Tl OF Tilt' PAN.1il1A BJGJIT 

IH5l\lF\ 

W \LTl·:H KITTl·:H OKTiz·x- and 
SI·: He f( l C lZM!\:'\ HI IZ* 
(H.e,·<'in•d .l1ar('h 28, 1979) 

Se analizan parametros ,:aracteristicos d" asp1·<:tos m•·lt'oroli1gin1s. of'·a110graficos, quimicos y 
biologicos, a fin de observar en forma integrada los cfrf'los 11w1t·orol<1gif'os f'n la productivid.td 
del Golfo de Panama. Se ob,;ervan grandes ,ariaciorn·s f'stacional,·s ,·n todos los param,·tros ana­
lizados. lo cual haO' a est a area un lugar i,fral para ,·st•· estudio. I.a posici<rn d .. la zonad,· con­
vergencia intertropir,al parece ser el factor meteoroli,gico limitant•· prindpal ,·n la produ<:ti,idad 
biologica de! area. L:tilizando como prinwr aproximacion un m,xlelo multipli1:ativo dornk Sf" 

consideran efectos radiativos, termicos y dinamic:os s,· ohtiern·n bucnos n·sultadosd,· simuladim. 

ABSTHA<:T 

Characteristic parameters of meteorological, oceanographical, dwrnical and biologi,·al aspats 
are analyzed, with the purpose of observing in an integrated form. tilt' ml'!,·orological t'ffrf"ts in 
the productivity of the Panama Bight. Largf' seasonal variations ar,· obsnwd in all the analizcd 
parameters, making of this area an appropiate plac<' of this study. Th,· int.-rtropi,:al ,·omcrgt'fl<"t" 
zone position looks to be the main limiting m,·teorolol(ical fa<:tor in thf' biological produi-ti,ity 
of the area. using as a first approximation a rnul tiplicativf' modi' I. wh,·r,· radial iw. th<'rmodynamic 
and dynamic factors are considered. good rt"sul ts of simulation are obtaint'd. 

* Centro de Ciencias de la Atmos/Pra, uNAM. 
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INTRODUCTION 

The existence of the life on the earth is sustained over a thin air, water 
and soil layer with a size of a thousandth of the earth diameter and it 
principally depends of two factors: the nutrients with its recycling 
process and the energy flux (which has its origin in the sun) flowing 
only in one direction. 

The marine biological production is affected -directly or indircetly­
by the solar energy (in a radiative, thermodynamic and dynamic form). 

In reference to the radiative effect it intervenes directly in the marine 
vegetals growth (phytoplankton) through the photosynthetic production 
process, due to which the plants are able to store the incident solar 
energy; this energy lays in a potential form and lately it suffers a slowly 
conversion to kinetic energy that allows the life in the c1·ological com-
munities; the plant components arc converted in others by dw herbiv­
orous, and its time these are converted in others by the carnivorous and 
at the end of this process the decomposers (which compkk the chcmi('.al 
cycle) return the nutrients to the ecological system for use them again. 

The solar energy that flows through the syskm is not destroyed but 
transformed (first thermodynamic law) and one part of it is used to 
support the life in each biological production level. ;\ great part of it i:-; 
degraded from an energy form capable to realize reactions and work lo 
less useful forms and it returns to the environment as heat which is 
impossible to use again, in accordance to the second thermodynamic law. 

In the thermodynamic level, through the temperature, the solar 
radiation plays an important role in the photosynthesis, and in the 
kinetic of the enzymatic processes associated to it. 

The thermodynamic level with the earth rotation produces the dynamic 
level formed by the basic system of the atmospheric circulation that in­
fluences on the dynamic of the water masses and on its vertical and 
horizontal movcm(:nts, thcSt: factors control the bioproductivity of the 
oceans in all the world, transporting with themselves the nutrients to 
the upper ocean layers, where the greater amounts of light produce the 

ideal conditions for the phytoplankton production. ls important to 
notice that the richest fislwrics area;; arc localized in or near where are 

produc(:d or concentrated a gn'at quantities of organic material (up-
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welling , current interface s, gyrations , etc.) As the ocean is not without 
movement, the productivity fluctuates in these areas, and this fluc­
tuations affect the abundance of the species. Is necessary a better know­
ledge of th e meteorological effects over the oceanic productivity, in 
order to isolate those effe cts of the dependent causes of the fi sheries. 

The joined actions of these three levels of solar influence (radiative, 
thermodyn ami c and dynami c) favours the development of the oceanic 
life , and any anormal y produced by whichsoevcr of them will be detected 
in the productivity. 

We try to develop, in the present pap<:r, a proce dure to know the ef­
fects of the three lcvds in the 0(1:an productivity due to its obvious im­
portance in the exploita tion of the marine reso urces and taking in 
consideration that besides e xist s a <:onsci<:n<:c and a desire, each time 
greater , to fini sh with an e poch of cr:onomi c anarch y , and consi st ent 
with the verifi cation of the finite limit s of tlw resources (including the 
oce anic resources), all of these is taking to the Lcgining of another epoch 
in where the use and profitting of biosphere mecanism will have t o be 
done in a more prudent and rational manner. 

Furthermore , thi s study is not realized with the only economic final­
ity to know the id<~a l eo n<litions of the places for development and ag­
gregation of the species in orde r to obtain a maximum utility with a 
minimum effort, but it can be uscfull too as an auxili ar in the research 
of the dynami cs of the fi shc:ries population , being able in this way to 
avoid the possibility of ex tinction in the available: resources. 

The Panama Hight was chooscn, in this first intent, for its ideal 
meteorological and oe<:ano~raphi cal conditions for thi s kind of study, 
besides to have the mo re important condition that is th e available 
information of this region, obtained Ly several authors and research 
centers. Forsberg (1969) , ~;kvcnson (1970). 

2. THE MODEL 

2.1. E.f.[<'cl s of th,• rruliativ<' l<' vd 

In order to know the solar dfcds in th e radiative: level on the ocean 
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production, and to be able to formulate a mathematical relation between 
incident radiation and photosynthetic production in a time t and a z 
depth, the next l:,chavior characteristics must be reproduce; a.) a lineal 
relation for lower intensities of illumination, b.) maximum values of 
production for an optimum illumination, c.) inhibition for greater values 
of illumination (Vollenweider, 1965). 

As a first approximation, the basic equation used and chose also for 
several researchers including steelc ( 1965) ancl which fundaments and 

basis for its use are given by Ryther (l 956) will be considered 

P(z,t)=pm(Iz/lm)exp(1-Iz/lm), 
(l) 

where Pm is the maximum observed rate of reproduction, lz is the il­
lumination into the water for a depth z and Im is the level of radiation 
where the maximum reproduction is localized. 

In order to relate the light amount lz in a z depth being able to 
produce photosynthetic processes, with respect to the incident global 
radiation ~ on the sea surf ace, we will make the next assumptions: 

a.) From the solar energy incident on the water surface only a 6% is 
lost due to reflexion effects. Budy ko ( 1963 ). 

b.) For the upper layer there is a mixing layer where the nutrients arc 
not a limiting factor and with enough turbulence to produce a uniform 
distribution of plankton. 

c.) The amount of solar energy useful for the photosynthetic produc­
tion was determined reducing the total radiation by a factor of 0.2 to 
eliminate the non photosy nthctic energy (Sverdrup, 1953), since the 

0 

energy with wave lengths greater or minor to 4 200 to 5 600A-rangc 
representing approximately a 20% of the total energy- are completely 
absorbed in the first meter of water depth. 

d.) The coefficient of the light extinction (r,) is constant with depth, 
in other words, it is considcn:cl as an optically homogeneous layer. 
May b,· this can not be valid for the first meters of the surface, never­
theless, the mistak,~ can be negligible for gn~atcr depths. Sverdrup ( 1942), 

Jcrlow (1951). 
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If Ii is the incident global radiation on the oceanic surface, then the 
energy that goes through this surf ace can be write it as 

Iw=(1-a)L (2) 

where a is the albedo of th e fraction of radiation reflected by the oceanic 
surface . Then the quantity of effective energy for photosynthetic 
production will be given by: 

Ie=02(1-a)L (3) 

The illumination for any depth z, will be given by: 

I - I -1\•_ ( ) I -Ip z- .e -021-a e (4) 

where T/ = 1.7/D, is the extintion coefficient of the blue light of greater 
importance in the chlorophyll a production, and D is the depth of the 
secchi disk, Poole and Atkins ( 1929), Riley ( 1949), Parson et . al. (1965 ). 

Substituting equation 3 into equation 4 and integrating over a mixed 
layer of h depth we obtain the mean reason of the reproduction, given 
for the expression 

R= Pm [exp{-(al)exp(-11h)}-exp(ah)] (5) 
I 1) h lm Im 

where a= 0.2 (1-a) 

2.2. Effects of the thermody namic wvd 

Applying the conservation principle of the energy through the fin,t law 
of the thermodynami cs to th e considcwd mixed layer and neglecting 
the thcrmic effects due to the currents and mean winds, as well as 

another due to the turbulent dfods, we obtain in accordance with 
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Adem (1963, 1964) an expression to calculate th e anomalies of the 
oceanic temperatures of the region. 

h PC v aTs E G G 2 at= 5- 2 - 3 (6) 

h h PCv aTs . 1. • • • 1 f d h } h w ere -
2
- at 1s tn c energy storage 111 a mt xmg ayer o cpt 1, p t c 

density, Cv the specific heat of the ocean. Es the radiation excess T~ is 
the temperature anomaly of the layer, G2 and G 3 the loss of thermi c 
energy by vertical turbulent transport of sensible heat from the ocean 
to the atmosphere and for evaporation, respectively. And where the 
excess of radiation will be given like Adem (l 963) as 

(7) 

where T :n is the anomaly of the tl'mperaturc of the mean troposphere, 
e is the cloudiness in fractional form, (3 is the thcrmie gradient that is 
constant, H' = AT~ is a deviation of the tropospheric height H0 of 11 
km (Q +- q )0 represent s th, · µossiLlc radiation rccciVt~d of a clear sky, 
'Y is the regression coefficient given by Budyko (1963) and F 

12
, F;

2
, 

F
13

, F
14 

and A arc coefficients given by Adcm (1963, 1968). 

If we substitute equation (7) into the cyuation (6) and resolving, we 
obtain: 

T' = _I_ { F + F' ( + F ( I -t /32 A) T ~ t- ( r-14 + D s ) T ~ + 
S;+, Ds 12 12 13 

(8) 
(Q +q)

0
[1-( l -3' )E:](i -a )- G2 - G3 } 

1 

h c 
where D = ~ and T'. i.~ Ilic Ol'.canil'. kmpcrattm! of th,, nPxt month. 

S 2~ t Si + 1 
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Considering that the effect of temperature is similar of the light, it 
can be use a similar equation as equation (4), like 

where TM is the temperature that corresponds to the maximum photo­
synthetic production that was observed , and Tz is the temperature of 

the considered layer and equal to Ts + T~. 
1 

where Ts is the observed 
O I+ 0 

mean monthly temperature. 

2.3. Effects of the dynamic lcvd 

The perturbations in the photosynthetic productivity in an acuatic 
ecological system are usually caused by fluctuations in the physical 
factors. The rate on the change of the phytoplanktonic population can 
be expre~d as a difference of energy accumulation (which is the 
photosynthetic rate by population unit) and an energy of dissipation 
(given by the rate of respiration and pasturing). Sverdrup (l 953), 
Cushing (l 959a, b) Murphy ( 1962) had shown that the quantity of net 
photosinthesis is affected by the amount of radiation, the mixed layer 
depth and the water turbidity, besides it can be observed, based in an 
energy balance that the depth of the mixed layer can limit the produc­
tion, when it makes that the photosynthctisers spend a great time of 
their life in profundities in where there is not enough light, these 
authors called critical depth to the depth of mixing where the produc­
tion by unit of surface was exactly balanced by the respiration , in other 
words, a situation where the net production is zero. On the contrary, 
Patten (1968) explains that any natural system can be adjusted when 
the parameters arc changed from its system, in such a way that the net 
production of the community is always positive for a water column 
completely mixed, without taking in consideration what deep it can be. 

From the data of the mixed layer depth of Fig. 4 we can observe that 
for a minor mixing depth layer corresponds to a greater photosynthetic 
production, which gjv,~s a greater credit to the lin,t of the indicated 
considerations. 

Considering a lineal proporlionality w1: can use the maximum rate 
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of upwelling -vertical movement- provider of the necessary nutrients 

for the photosynthetic production in order to find the expected nutrients 

values where the rate is given by Wyrtki ( 1964) as: 

Q 
w= , 

PC(To - To) 
( l 0) 

where T is the temperature of the mixed layer that was taken on a depth 
0 

of 10 meters, T0 is the temperature of the asl:cnding waters, temperature 

that was taken on a depth of 150 meters and Q is the total heat inter­
change on the surf acc. 

For the dynamic level, we use as a first approximation, the final ef­
fect, in other words, the quantity of the nutrients (magnitwfos of w) 

that are present as a result of all the effects that appear in this kvd, 
considering that the eff cct is similar to the others lcv1'.L"i. 

2.4. Total effects 

The total dfrcts of the three considered kvds, in wlwr1· tlw rndcoro­
logieal effects act on the oceanic productivity, an'. principally based 011 

the consideration that the effect of presenc1· or abundarwc of thl' 
characteristic parameters (illumination, tcrnp1-ratun· and nutricr1ls) of 
each level (radiative, thermodynamic and dynamic) ads in an independ­

ent form, that is why the combiner effect can be written in a multi­

plicative form adjusting the data to an expression like C flt I p ; 2 p: 3 

in accordance to Powell's (1964) and Jorgensen's and Stccrnan Niehwn's 
(1965) procedures, where, C, cx: 1 , cx: 2 , and cx:3 an' the fitting constants. 

2 . .5. Relation bd U)('Cn th,· primar_y production with oth1•r .\11p,·rior krd.~ 

The relation between th1'. primary production with other superior trophil' 
levels is considered as a dasic case of the intcradion: J>fl'dalor-pn·y, 

where th1'. predation or pasturing is proportional Lo tlw 1'.on1'.1'.nlralion 
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of food, this consideration was used in Lotka-Volterra's equation, using 
an expression as: 

(11) 

where PO is the population of plants, He the herbivorous population,b is 
the growth rate of the plants for unitary density and K is the eddy lateral 
diffusion, for all of it we used the Schaefer ( 1954) and Usher and 
Williamson's procedure (1974), with delays of two months in the abun­
dance of the prcdatores with respect to the preys for the case of the 
interaction phytoplankton-zooplankton and a direct relation for the 
zooplankton with another superior species. 

J. Ml'/corological, 0<'<'r11wgrnphYr:al, Chl'mirnl and Biological data of 

th" st ndil'd art'a 

With the purpose to know the main d1aractcristics of the studied area 
WI'. will analyzt'. the observed values in an horizontal, vertical and punctual 
form in order to be ahk to realize an integration of all the parameters 
that intervene in the thnT kvds in which the meteorological effects 
influence on th1'. 01:1'.anie produt:tivity, analyzing first at all the incident 
radiation for the radiative kvd, th1'. temp nature for the thermodynamic 
level and th1· upwelling mov1'.rn1'.11ls for th1'. dynamic effects. Forsberg 
( 1969) has shown that the major transport of nutrients arc due to up­
welling effects originated by the winds of the region. 

' I 
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3. 1. Data in horizontal form 

ln Fig. 1, the superfi cial mean winds arc shown for November and 
February-March periods, averaged over squares of one degree, it can be 
observed, in general , south winds for November, while for the other 
period the predominant winds will be from the north. 

In Fig. 2 we have the surface temperature, the mixed layer 111'.plh , the 
phosphate at 30 meters and the chlorophyll a of the surface (it was used 
as an indicator of the primary productivity) for two periods from Nov. 
18 to Dec. 1st. , 1965 and for Feb. 17 to March 6 , 1966 , respectively , 
observing for the second period colder regions (of temperature), more 
intense temperature gradicn ls, the mixed layer less d,·ep and more 
quantities of phosphate and chlorophyll a, all thi s is an indi1:atio11 of 
the existence of the upwelling effects. 

3. 2. Data in vertical form 

In Fig. 3 the average values arc shown with vertical di slrihution of the 
temperature , the salinity , the anomaly of th e potential density, the 
nitrates, silicates, phosphates and disolvcd oxygen for the periods from 
May 21 to June 4, 1965 (tenuous continuous line) from August 19 lo 

30, 1965 (drawn in outline) from November 18 to lJccc rnlH:r Isl., 1965 
(dotted line) and from February 6 to March 6 , 1966 (continuous line). 

Notice that the values arc closer to the surface (l'ontinuous lirw) 
during the months (Feb-March) with northerly winds and mayor primary 
production , thi s points out the importance of th e di 1,;positio11 of tlw 

nutrients -transported by the upwelling effects- on tiw superior 
oce ani c part with the mo!,1 abundance of solar radiation. 

3.3. Data on punctual form 

In Fig. 4 we have montly mean values of meteorological parameters 
(radiation , position of the intcrtropical convergence zone (ZC IT), north 
winds, air tcmpnatu n· on su rfacc ('l'a) and prcci pit at ion), oc1·ano ­
j!;l"aphycaJ (tcmpcratun: o f the surface water (Ts), water temperature to 
20 meters rkpth (T2 0 ) and rkpth of the mi xing layer) , chemical (phos-
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phates, nitrates, carbon fixation and chlorophyll a) and biological (zoo­
plankton and abundance index of tuna fish expressed by the capture by 
unit of effort). 

It can he observed that exist two periods clearly defined of the studied 
parameters. 

a.) The maximum values of incid«:nt solar radiation exist in the first 
months of the year, with the ZCJT position in the south of the studied 
area which generates the maximum values in the northerly winds 
producing cold waters that point out the effects of the vertical mov­
ements (upwellings) and of a shallow mixing layer, this provides a 
maximum of nutrients and joined with the maximum of radiation 
produce a maximum of carbon fixation and chlorophyll a production. 

b.) The rest of the year , there is fewer radiation and the ZCIT position 
is localized to the north of the studied area producing southerly winds 
which brings humidity and produce strong precipitations stabilizing 
the considered layer and dcsapearing the upwelling movements, with its 
consequences like depression in the nutrients quantities and the later 
poor carbon fixation and chlorophyll a production. 

Furthermore, it's interesting to ob:;crvc the coincidence in the 
maximum production of zooplankton and another species, like the 
tuna fish. These maximum presents a delay of two months in relation 
with the maximum abundance of the phytoplanktonie biomass (chlor­
ophyll a). 

l{ESlJI.TS AND CONCLIJSION 

Panama Bight area preHcnts two eharactcristic periods in its oceanic 
productivity. One period of greater abundance at the bcgining of the 
year (February-March) and other period of poor productivity during 
the rest of the: year. The limiting fa<:tor in the regional productivity arc 
the absence of nutrients in the cuphotic zon«:, Hince the dynamic dfcct 
of vertical transport of the upwelling disapp«'.ar when changes the sense 
of the pn:dominant winds (from north at the bcgining of the year to 
the south the rest of the year) wfw11 the ZCIT position d1angcs. So, we 
can st·c that the 7,CJT position is the !imitative meteorological factor in 

the ocean productivity for 01,r ,-f1uli«·d arc.i, so it is not only an important 
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factor in the regional climatology hut also the one that on a dynamic 
action level is the activator (sou th position) of the biological productivity 
in this area. A stabilization effect on the superior oceanic layer is 
produced by the presence of rains, and these rains influence too over 
the destruction of the vertical turbulent movements. 

The phytoplanktonic biomass simulation, based of a multiplicative 
model followi~ Jorgensen and Steeman Nielsen (1965) and Powell's 
procedures (1964) where it is considered that the three influence levels 
(radiative, thermodynamic and dynamic) are independent and similar 
to a Steele's expression (1965), gives good results, as it is shown in Fig. 
5 where continuous lines represent the observed values and the crosses 
curve represents the calculated values by the model. 

The procedure followed to calculate the effective photosynthetic 
radiation for the radiative level, the oceanic temperature for thermo­
dynamic level obtained by Adcm 's procedures ( 1963, 1964, 1968) as 
well as the given by Wyrtki ( 1964) in relation with the vertical move­
ments which provides the nutrients for the dynamic level, gives good 
results in the calculation of the desire parameters for each influence level. 
The abundance of superior throphic levels is well adjusted into a 
simulated predator-prey model like Lotka-Voltcrra 's type, using a two 
months delay in the predators for the phytoplankton-zooplankton re­
lation and a direct relation in the density relation of zooplankton against 
the anchovy captures and the tuna fish density (capture by unit of 
standard effort). We can observe greater divergences for the anchovy 
case possibly due to the fact that in these were only used the captures, 
while in the case of tuna fish it was used and abundance index, what is 
more realistic for the relations used. 
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