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SOME RELATIONSHIPS OF METEOROLOGICAL, HYDROGRAPHIC,
AND BIOLOGICAL VARIABLES IN THE GULF OF PANAMA

by
Eric D. Forsbergh

SUMMARY

An average of 78 m. of water was vertically displaced by wind-driven
upwelling during the dry season (January-April) in Panama Bay at the
head of the Gulf of Panama.

The standing crop of phytoplankton and its productivity were sig-
nificantly greater during the months of upwelling than during the rainy
season.

Equivalent results were found by three different methods used to
calculate photosynthesis: direct measurement with radiocarbon; increase
of dissolved oxygen in the water column; and decrease of phosphate-phos-
phorus in the water column. About 90 g. of carbon per square meter of
sea surface were fixed by the phytoplankton during each upwelling season
(January-April) and about 90 g. of carbon were fixed during each rainy
season (May-December) resulting in an annual production of about 180 g.
of carbon per square meter of sea surface.

Carbon fixation was significantly related to both dissolved oxygen
and phosphate-phosphorus, about 35 per cent of the variation in either
case being attributable to the other variable. Dissolved oxygen and phos-
phate-phosphorus were well correlated with 74 per cent of the variation
of either variable being attributable to the other.

For a decrease of 1.0 microgram atom of phosphate-phosphorus in
the water there was an increase of 1.9 milliliters of dissolved oxygen. Ap-
parent oxygen utilization was 180 atoms of oxygen per atom of phosphorus.

The relative efficiency of photosynthesis (photosynthesis corrected to
unit standing crop and unit light energy) below saturation intensity in-
creased as light decreased. Relative efficiency at saturation intensity
(equivalent to Strickland’s productivity index) was closely related to
indices of upwelling such as temperature and salinity. Mean northerly
winds for three days preceding the station day were better correlated with
indices of upwelling and relative efficiency of photosynthesis than means
of other numbers of days, indicating the rapid response of photosynthesis
to changes in wind velocity and direction. Forty-six per cent of the vari-
ation in upwelling index (temperature) was attributable to wind, 14 per
cent of the variation in photosynthesis was attributable to upwelling index
and 21 per cent to wind.
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The photosynthesis-chlorophyll ratio at light saturation centered
around 11 mg C/mg chl «/hr. Examination of other tropical data yields
ratios centering around 8 mg C/mg chl a/hr.

Phosphate-phosphorus does not seem to be limiting to photosynthesis
in the Gulf, at least during the upwelling season, and probably during the
rest of the year as well.

The phytoplankton-zooplankton relationship is not clear but there is
an indication that it may have been positive during the upwelling season
and negative during the rainy season.

Partly because of the low sampling frequency relative to the high
variability of the hydrography of the Gulf no relationships were found
between mean values of wind and hydrography for the upwelling season
and the mean annual biological variables, but a significant correlation was
found between zooplankton during the upwelling season and annual catch-
per-effort of skipjack tuna.
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EXPLANATION OF SYMBOLS

significance at 0.01<P<0.05
significance at P<0.01

apparent oxygen utilization = oxygen concentration — oxygen
concentration at saturation

carbon-phosphorus ratio in phytopiankton

depth in meters at which Secchi disk disappears

24-hour day

increase in oxygen concentration from 37 m. to surface
decrease in phosphorus concentration from 37 m. to surface
factor for converting mg chlorophyll ¢ to equivalent mg carbon
foot-candles of illumination

incident radiation; or light intensity at the surface
light intensity at depth Z in meters

vertical absorption coefficient per meter

langley = gram-calorie of radiant energy,/cm?
median

microCurie

not significant

nutrient index of Riley, Stommel, and Bumpus
Strickland’s productivity index

photosynthetic quotient

maximum photosynthesis in the water column
photosynthesis at saturation intensity
photosynthesis at 1000 foot-candles
product-moment coefficient of correlation
Spearman’s rank-difference coefficient of correlation

proportion of variation of either variable attributable to its cor-
relation with the other

relative efficiency of photosynthesis: mg C/mg chl a/1y
standard day of fishing effort
light transmission per meter

Kendall’s coefficient of concordance



6 FORSBERGH

INTRODUCTION

The Gulf of Panama is the main source of the tropical anchovy, Ceten-
graulis mysticetus, the most important baitfish used for tuna fishing in the
Eastern Pacific Ocean. Although the recent conversion of many of the
baitboats to purse-seiners has greatly reduced the demand for tuna bait,
the anchoveta stocks in the Gulf of Panama still support a substantial
fishery by local vessels to supply the needs for meal and oil in Panama.
For these reasons the hydrographic and biological properties of the Gulf
have been studied by Commission scientists since 1954. Much of the re-
sulting information has been published by Howard (1954), Alverson and
Shimada (1957), Howard and Landa (1958), Berdegué (1958), Schaefer
and Bishop (1958), Schaefer, Bishop, and Howard (1958), Simpson (1959),
Peterson (1961), Klima, Barrett, and Kinnear (1962), and Bayliff and
Klima (1962).

The Gulf of Panama opens to the south, is 108 miles across at the
mouth and 92 miles in length. Excepting the islands in the west of Panama
Bay, at the head of the Gulf, and the Archipielago de las Perlas, the depth
grades evenly from shore to 100 fathoms at the mouth. The prevailing
offshore northerly winds change seasonally with great regularity: the dry
season, from January through April, brings steady moderate northerly
winds; the rainy season, during the rest of the year, brings weaker north-
erly and stronger southerly winds (H. O. Pub. No. 174).

Wind-driven upwelling in the Gulf of Panama was first shown by
Fleming (1935). He found relations among northerly winds, sea level,
temperature, and salinity, and determined that the hydrographic changes
were caused by movement of the deeper oceanic water into the Gulf, at
depths below about 100 m., and then upwards to replace surface water
moved seawards by offshore winds. Fleming described two areas of up-
welling: one in Panama Bay (where the measurements for this survey
were also made), and one southeast of the Archipielago de las Perlas, and
estimated that the upwelled water replaced 40 m. of surface water during
the early months of the year. In a later paper Fleming (1940) revised
this estimate of replaced water to 75 m.

Schaefer, Bishop and Howard (1958) examined and analyzed wind,
sea-level and surface-temperature data collected by the Panama Canal
Company between 1908 and 1956, and some offshore surface temperatures.
They showed that the decrease in surface temperatures in the spring
months is limited to the Gulf and does not extend to the high seas, and
that highly significant correlations exist among long-term monthly aver-
ages of sea level, surface temperature and northerly wind.

In November 1954 the personnel of the Commission’s Panama labo-
ratory began a time-series of hydrqgraphic and biological measurements



GULF OF PANAMA 7

in Panama Bay near the head of the Gulf, with measurements made
roughly every two weeks at the same location, in order to study the
seasonal fertilization caused by upwelling and its effects on the biological
productivity of the area. These serial observations were completed in June
1959. Schaefer (1957), after examining the first two- years of these ob-
servations, used these data to show the relation of wind, sea level, tempera-
ture, salinity, oxygen and phosphate concentrations, and estimated that the
water upwelled at least 50 m. each spring. He also pointed out that the
anchoveta in the Gulf spawns at the beginning of the upwelling season,
and that the juveniles are abundant when there is a high standing crop of
plankton. Howard and Landa (1958) found, from a study of the gonads,
that the anchoveta is sexually mature from October to January, and Simp-
son (1959) found the eggs in the plankton only during this time. Simpson
further suggested that the breeding season of the anchoveta is determined
by the availability of food for the young and that ‘“this requirement is
apparently satisfied by the appearance of the juveniles in the months of
most abundant plankton (January-March) consequent upon the seasonal
upwelling. The degree of upwelling may be an index of the size of the
incoming age-group.”

Schaefer, Bishop and Howard (1958) have examined some of the
hydrographic data from these observations up to December 1956. By
comparison of temperatures and of salinities with those of deeper waters
off the mouth of the Gulf, they estimated that about 40 meters of water
welled up during the dry season. Their suggestion that the high oxygen
level during the upwelling season was a result of high primary production
was supported by the fact that the standing crops of both phytoplankton
and zooplankton were also high at this time. The double upwelling year
of 1956 was pointed out as illustrating the excellent correspondence be-
tween wind, temperature, salinity, oxygen and inorganic phosphate.

Schaefer and Bishop (1958) found particulate iron concentration very
high in the Rio Escota which flows into the Gulf, higher inshore than off-
shore, and higher at the surface than at 30 m. during the spring, but in-
ferred that it was not limiting to the growth of phytoplankton in inshore
waters.

Smayda (1959), in examining phytoplankton samples collected bi-
weekly by the Commission from 1954 to 1957, found that diatoms were by
far the predominant form, there being about 15 to 20 times the number
of these as of either coccolithophores or dinoflagellates. His figures show
a ten-fold increase in diatom concentration and a two-fold increase in coc-
colithophore and dinoflagellate concentrations at the time of upwelling indi-
cating that fertilization certainly is successful. Smayda (1963) states that
“, . . the phytoplankton dynamics observed at the permanent station are
indeed generally representative of the Gulf of Panama, . . .”.
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The present study is a continuation and an extension of that begun
by Schaefer, Bishop and Howard (1958). In addition, photosynthetic
carbon fixation, chlorophyll concentration, submarine light attenuation,
and incident solar radiation data have been incorporated. During the
four-and-one-half-year period hydrographic and biological observations
were collected at about two-week intervals at a station 8°45'N 79°23'W
or about 20 miles south of the mainland and 10 miles southeast of Taboga
Island where the depth is about 40 m.

METHODS

Sea-level and surface temperature data at Balboa and wind data at
Balboa Heights were obtained from the Panama Canal Company (see
Schaefer, Bishop and Howard, 1958) ; zero sea-level given here is equivalent
‘to precise level datum at Balboa -+12.00 ft. Total incident radiation data
were obtained from the U. S. Weather Bureau. Measurements were made
at Albrook Air Force Base, Curundu, Las Cruces, and Corozal (see Ap-
pendix A). Values are reported in langleys (ly/day). Water transparency
was measured with a Secchi disk on station from station 39 on; at the lo-
cation of the carbon-fixation experiments, just off Taboga Island, it was
measured from station 98 on. The vertical absorption coefficient per meter

(k) is given by the expression %7 where D is the depth in meters at which

the disk disappears from sight. The transmission per meter (T) in relation
to unity is given by e*. The depth of one per cent of surface light, which
approximates the compensation depth, was found by multiplying D by 2.7
(see Strickland, 1958 and Riley, 1941). Light intensities at depths (I,) of
carbon-fixation experiments were derived from total incident radiation
(I,) measured on the mainland and from transmission values (T) at the
location of the experiments by the use of the equation:

I, =1, X TZ

where Z is depth in meters. No correction was made for loss of energy by
reflection from the sea-surface.

A bathythermograph was used to measure temperature, which was
corrected with readings taken at the surface with a bucket thermometer
and at 20 meters with a reversing thermometer. Dissolved oxygen was
measured by the standard Winkler method and salinity by the Knudsen
method. Oxygen concentrations are reported as milliliters per liter of sea
water (ml/L). The percentage of saturation of the water with oxygen was
determined from concentration, temperature and salinity using the nomo-
gram of Richards and Corwin (1956). Sea-water density is represented by
. which was determined from salinity and temperature using ‘“Tables for
Sea Water Density” (H. O. 615). The molybdenum-blue colorimetric



GULF OF PANAMA 9

method was used to determine the concentration of inorganic phosphate.
Optical density was measured with a Klett photometer and later with a
Beckman Model DU spectrophotometer. Phosphate concentrations are
given as microgram-atoms per liter ug.at/L); total amounts in the water
column are given as milligram-atoms per square meter of sea surface (mg.
at/m?) where concentrations have been integrated with a planimeter to a
depth of 40 meters.

Water samples for chlorophyll « concentrations were collected at about
0830 hours with Van Dorn plastic samplers and were filtered through HA
Millipore filters (pore diameter: 0.45 «). The extracts were prepared by
the method of Creitz and Richards (1955) and the concentrations were
determined by the method of Richards with Thompson (1952). Depths of
sampling were 0, 10 and 25 meters (stations 52-90) and later 0, 5, 10, 15
and 25 meters (stations 91-112). Values are given as milligrams of chloro-
" phyll @ per cubic meter of sea water (mg/m?); water-column content is
given as milligrams per square meter of sea surface (mg/m?2) to a depth
of 25 meters as determined by planimeter integration. Vertical hauls for
phytoplankton were made from the bottom with nets made of No. 20 bolt-
ing silk or 18 XXX grit-gauze, both of which have apertures 0.076 milli-
meters across. Volumes were measured after samples were allowed to
settle in a graduate for 24 hours and are reported as milligrams per cubic
meter.

Primary production by the phytoplankton was measured using the
Cl-fixation method of Steemann Nielsen (1952); the radiocarbon solutions
(Na.C!'40;) were also prepared and standardized by his methods with slight
modifications described by Holmes, Schaefer and Shimada (1957). The
C! method is thought to measure net photosynthesis (Ryther, 1956) or
“photosynthesis that is somewhere between the net and gross value, pos-
sibly nearer to the former” (Strickland, 1960).

A total of 11 different radiocarbon preparations were used, ranging
in activity from about one to 20 microCuries per milliliter (».C/ml). Three
different counters were used to measure the activity of both the phyto-
plankton samples and the solutions: an Anton 1001-T tube with a Nuclear-
Chicago scalar (Model 182A); a Nuclear Measurements Corporation gas-
flow proportional counter without a window (NMC-PC-1-157); and an
identical instrument but with a Mylar window (NMC-PC-1-163). These
data are shown below:
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Solution Standardization counter
activity Anton tube NMC-PC-1 NMC-PC-1
Stations pC/ml 157 163
2-5 2 <
27 -44; 47 5 X X
46; 48 - 50 20 X
51 -56 1 X
56 - 74 1 X
75 -89 10 X X
89-93; 99 3 X
94 - 97 1 X
98 3 x
100 - 101 10 X X
102 -112 1 X X

All solutions remaining (see last column above) were restandardized in
1959. Almost all samples from station 40 to station 104 which had been
counted on counter No. 157 were recounted on No. 163; the latter regis-
tered activity far more accurately than the former which permitted a
static charge to build up, reducing the apparent counting rate.

Initially water samples for productivity experiments were collected
with Van Dorn samplers at 10 m. only (station 1 - 86) but later they were
taken at four depths: 0, 5, 10, and 15 m. (stations 87-112). Samples
were collected on station at about 0830 hours, placed in 250-ml. citrate
bottles, kept in the dark for one-and-a-half to two hours until the vessel
arrived at the productivity buoy just off Taboga Island, then inoculated
with one ml. of radiocarbon solution. The bottles were attached to a
weighted line suspended from the buoy and lowered to the same depths
from which the samples were taken. This is then an iz sitz# method in the
sense that the samples were incubated at the depths from which they came,
but it is not strictly iz situ because of the different locations.

The experiments ran for 24 hours, starting at about 1000 hours and
ending at about that time the following day. Samples were then filtered
under suction through HA Millipore filters (pore diameter: 0.45 1), washed
with surface sea water, and dried in a vacuum desiccator. They were dried
again before counting. The carbonate-carbon content of sea water was
assumed to be constant at 24 mg/L. No correction was made for non-
photosynthetic fixation in the dark, and no correction was made for the
isotope effect. Production rates are given as milligrams of carbon per
cubic meter per 24-hour day (mg C/m3/day,,) and as g C/m?/day., for the
water column to a depth of 15 m. Values were calculated to two signifi-
cant figures.

Zooplankton was collected by means of 25-minute oblique hauls from
near bottom to surface made with nets having a mouth-diameter of one-
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half meter. The nets were made with 40 XXX grit-gauze in the body and
56 XXX grit-gauze in the cod-end. An Atlas current meter was used to
measure the volume of water filtered. Wet volumes, found by displace-
ment, are reported as ml/1000 m3 and do not include any organisms over
5 cm. in length. Values are slightly different from those shown in Schae-
fer, Bishop and Howard (1958) for the same data owing to adjustments in
the calibration factors for the flow-meter.

The statistical tests used are described either in Snedecor’s “Statistical
methods,” 1956, or in ‘“Nonparametric and shortcut statistics,” 1957 by
Tate and Clelland.

RESULTS AND DISCUSSION
Graphic representation of data

Figures 1-5, which should be examined from bottom to top, sum up
the information collected during the four-and-a-half-year sampling period:
mean monthly values of northerly and southerly winds, sea-surface tem-
perature, and sea level at Balboa are plotted to show seasonal differences;
mean three-day northerly winds (defined in page 20) is represented by a
histogram; fluctuation of physical and chemical properties in the next six
panels is clearly related to fluctuation of mean three-day northerlies; fluc-
tuations of chlorophyll ¢ concentration and primary production appear to
be related to hydrographic fluctuations; zooplankton volume, in the upper-
most panel, is not obviously related to any of the other variables.

Rates of upwelling

The vertical displacement of water at this position was calculated by
means of the rise of isotherms and isohalines between successive measure-
ments (see Figs. 1-5). In order to minimize effects caused by factors other
than wind-driven upwelling, only the deepest isopleths common to two con-
secutive measurements were used; downward movement of isopleths was
not used because it was assumed to depend largely on other factors such
as radiation, evaporation and rainfall. For simplicity, no corrections were
made for these other factors, so the measurement is approximate. Total
rise in meters is shown in Table 1. Since some downward movement of
isopleths may be due to downward vertical advection when the offshore
winds slacken or reverse direction these estimates are probably maximal.

The dates given are the dates of sampling closest to the limits of the
defined seasons (Jan.-Apr.; May-Dec.) except for the 1957 upwelling season
when strong upwelling began in the middle of December. 1959 was not
included because the data were insufficient. The mean value of 78 m. of
water upwelled during the Jan.-April period corresponds closely to Flem-
ing’s (1940) estimate of 75 m. The mean rate of upwelling for this season,
calculated from these data, is 0.6 m/day (values for the rainy season are
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probably meaningless because the prevailing southerly winds at this time
would tend to produce a reverse movement of water negating the effects
of any upwelling).

The highest rates of upwelling, determined from salinity isopleths, are
given below:

Jan. 2—Jan. 14, 1957 2.1 m/day
Feb. 11—Feb. 25, 1957 2.5 m/day
Feb. 10—Feb. 24, 1958 2.8 m/day

Roden (SIO Ref. 61-26) states that “the maximum rate of upwelling, esti-
mated from the curl of the wind stress, is about 10 m. per day” in the
central and eastern part of the Gulf. The rates above are averages over
two-week periods so instantaneous rates could be greater, approximating
Roden’s value.

Biological differences between seasons

Comparison of biological data for the upwelling and rainy seasons is
shown in Table 2. All the data were used (excepting C!4 data for stations
2 - 5 because of their isolation in time) so that sample sizes would be large.
The means (X) for the upwelling seasons are, in each case, about twice
those for the rainy season. The data are not normally distributed for any
of the observations during the upwelling season. Variation during this
season is greater: the standard deviation (s) being two to three times as
large and the range (o) about twice. Because of absence of normality,
and differences in variance, the rank test (Wilcoxon T test or Mann-Whit-
ney U test) was applied to determine the significance of the differences
between means. Chlorophyll « concentration and primary production
proved to be significantly greater during the upwelling season but zoo-
plankton crop did not.

The efficiency of photosynthesis for the water column, based on car-
bon fixation and photosynthetically-active incident light averaged 0.3 per
cent during the upwelling season and 0.2 per cent during the rainy season.

Primary production calculated from changes in oxygen and
phosphorus concentrations

Primary production was calculated from photosynthetically-produced
changes in the chemistry of the water and compared to that measured by
the radiocarbon method. During upwelling, water with high nutrient con-
centration and low oxygen concentration moves into the Gulf. The phyto-
plankton changes these concentrations as light becomes available: as the
water rises the nutrients are depleted and the oxygen increased even to
supersaturation.

Because an estimate of the upwelling rate was needed for these
methods, the mean value of 78 m. during the upwelling season was used
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(the 1959 upwelling rate was not calculated because of insufficient data).
Primary production was calculated for the 1959 upwelling season only,
because carbon fixation in the water column was not measured at this
season in other years.

The assumption was made that incoming water at the maximum depth
of sampling (37 m.) was unaffected by photosynthesis; which assumption
is not unreasonable since the compensation depth was about 23 m. As the
water rises through the euphotic zone in the spring months, changes in
concentrations of phosphate-phosphorus and dissolved oxygen may be at-
tributed to photosynthesis. Changes in the phosphate-phosphorus and
oxygen content of the water as it moves upward from 37 m. were estimated
from the differences in the concentrations (averaged over all values dur-
ing the upwelling season) at various depths. These data are shown in
Table 3, and in Figure 6 are plotted the changes through the water column
from initial values at 37 m., negative for phosphate and positive for oxygen.
Phosphate concentration decreases towards the surface as it is utilized by
the phytoplankton and oxygen concentration increases as it is produced.

About 78 m. of water moves upward during an upwelling season; when
the upwelled water reaches the surface it is driven seaward by the wind
and replaced by more upwelled water, so about 40 m. of water which have
moved up to the surface are blown away. The chemical changes in this
water (which is taken to be equal to the difference in mean concentration
at 37 m. and at the surface) should therefore be added to those of the water
column. The total seasonal changes are represented by the hatched areas
of Figure 6. During the upwelling season of 1959, 2.23 g. of phosphate-
phosphorus were removed per square meter of sea surface and 190 liters
of oxygen were added (assuming no losses to the atmosphere). Using a
carbon-phosphorus ratio of 40:1 (Strickland, 1960) yields an equivalent of
89 g. of carbon produced by the phytoplankton. The carbon equivalent of
the oxygen produced, assuming a photosynthetic quotient of 1.2 (Strick-
land, 1960), is 8 g. The carbon fixed, as measured by the radiocarbon
method was 82 g. (determined by averaging all the determinations made
during the upwelling season). These determinations were made to a depth
of only 15 m., so there was some production which was not measured be-
tween this depth and the compensation depth at 23 m. Arbitrarily adding
10 per cent to compensate for this unmeasured portion of the water column
yields a value of 90 g. Results of these different methods of estimating
net production agree remarkably closely, even if this correction for photo-
synthesis below 15 m. is not made.

A quicker method to find indices of production at each station is to
employ the differences in phosphate (— AP;..,) and in oxygen (AO, s7_)
concentrations between the bottom (37 m.) and the top of the water
column at each station. Results were compared with carbon fixation in
the water column at 21 stations (see Table 4) and the rank-difference
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coefficients of correlation, which were calculated because the data were
not normally distributed, are given below:

Variables n Iy ra?
g C/m?/day., and AO, 4., 21 0.58%* 0.34
g C/m?/day., and — APy, 21 0.60%** 0.36
AOs 5700 and — AP, 21 0.86%* 0.74

All three variables were significantly correlated, oxygen increase and phos-
phate decrease having the highest correlation. In this case 74 per cent
of the variation in one variable was attributable to the other.

Oxygen-phosphorus relationship

The relation of oxygen and phosphate-phosphorus was examined at
various depths: as expected, the relationship improved with depth, as the
possibility of oxygen exchange with the atmosphere diminished. The re-
lationship was better during the upwelling season than during the rainy
season, being best during the former season at 20 m. and below (r = 0.88%%*,
Fig. 7).

Using all data, and calculating the means at each depth, yielded points
falling on two straight lines which had the following slopes: AQO,/AP =
—1.85 ml/ug.at for the rainy season and —2.00 ml/ug.at for the upwelling
season (Fig. 8). Because of the distribution of the variables (highly
skewed in opposite directions) this method of fitting a line was thought to
be as good or better than the Bartlett (1949) method (for all observations
taken as one sample the Bartlett method yielded a slope of —1.21 with 5
per cent confidence limits being —1.85 and —0.81, but this line did not
appear to fit the data as well as did the lines derived from means of obser-
vations at each depth).

There is a considerable difference between these slopes and that ob-
tained by Steele (1957) on the Fladen Ground (North Sea) near the bot-
tom. The North Sea slope was —3.87 ml O,/ug.at P, and although the
observations fell within a narrow range, the relation was good within this
range.

Data collected on STEP-I Expedition (SIO Ref. 61-9) in the Eastern
Tropical Pacific between 95°W and the coast of South America showed a
good linear relationship between oxygen and phosphorus from the surface
down to the depth of minimum oxygen; below this depth there appears to
be no relation between these two variables. A rough measure of the slope
was obtained by drawing a line between mean values for the 90 stations
at the surface and at the depth of minimum oxygen resulting in a value of
—2.50 ml O,/pg.at P, which does not differ greatly from those found at the
Gulf of Panama station.



GULF OF PANAMA 15

Richards and Vacarro (1956) derived a line (from Black Sea, Cariaco
Trench, and western Atlantic data) for apparent oxygen utilization (AOU
= O, concentration — O, concentration at saturation) and phosphorus,
with a slope, A AOU/AP, of 235 at/at. Rotschi (1962), for data from four
cruises in the Coral Sea, found slopes ranging from 126 to 186 at/at. The
STEP-I slope to the depth of the oxygen minimum was about 285 at/at. and
the Gulf of Panama slopes were 170 and 190 at/at. Rotschi in the same
paper suggested that in the equatorial Pacific the slope decreases from east
to west; the Gulf of Panama slopes do not corroborate this suggestion, but
the comparison may not be fair because of the shallow, inshore, and largely
euphotic environment at which the measurements were made. Slopes are
listed below:

NO,/ NP A AOU/AP
(ml/pg.at) (ml/pg.at) (at/at.)
Steele, 1957, North Sea —3.87
Gulf of Panama
Rainy season —1.85 1.90 170
Upwelling season —2.00 2.20 190
STEP-I Expedition
Eastern Tropical Pacific —2.50 3.07 285
Richards and Vacarro, 1956 2.64 235
Rotschi, 1962, Coral Sea
“Astrolabe” Cruise 186
“Boussole’ Cruise 152
“Choiseul” Cruise 126
“Dillon” Cruise 135

Productivity index and relative efficiency of photosynthesis

The productivity index (PI) based on carbon production per unit of
visible light at suboptimal intensities and on the carbon content of the
standing crop was defined by Strickland (1960):

PI — Rate of production of crop (at unit light intensity)
Amount of standing crop

where production is in mg C/hr., intensity in ly/min. visible light, and
standing crop in mg C. In this paper the relative efficiency (RE) is equi-
valent to Strickland’s productivity index, but the light is in ly/day of total
radiant energy and the standing crop is represented by chlorophyll « be-
cause the standing crop of carbon was not measured. Strickland suggests
that PI is a measure of the “vitality’’ of the phytoplankton, so here the
RE was expected to reflect changes in nutrient availability dependent upon
hydrography and ultimately upon wind force.

The carbon production per unit of chlorophyll ¢ per unit of radiant
energy (mg C/mg chl a/ly) was calculated for each of the four depths of
incubation for the 12 stations (101-112) at which Secchi disk measurements
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were made at the location of the iz sita productivity experiments near
Taboga Island. It was found that RE increased with depth, and since sub-
marine light (I,) is a function of depth, the relationship between RE and
I, was sought. Figure 10 shows the logarithmic plots of relative efficiency
against submarine light for each of the 12 stations. Logarithm transfor-
mations were used to normalize the data and RE was multiplied by 100
to avoid negative logarithms. All stations show a good linear relationship,
with RE decreasing as I, increases. To detect differences in regression
coefficient and adjusted mean among stations, covariance analysis was
performed on the transformed data, the results being summarized in the
following table:

Analysis of covariance: Log [100 RE] and Log [ly/day]

Degrees of Sum of Mean Variance
Source of variance freedom squares square ratio F
Within individual regressions 22 1.80 0.082
Regression coefficients 11 0.47 0.043 191 n.s.
Common 33 2.27 0.069
Adjusted means 11 1.90 0.173 2.51*
Total 44 417 0.095

Variance-ratio tests indicated no significant differences among regression
coefficients, but did indicate a significant difference among adjusted means
for the 12 stations. The common slope and the means adjusted to 70 ly/day
are illustrated in Figure 11.

The relative efficiency of photosynthesis thus appears to increase as
the available light decreases, and the rate of increase was the same on dif-
ferent occasions. It is interesting to find such a good relationship in the
ocean considering the rather crude methods which were used here. This
relationship can be explained simply if the assumption is made that an
algal cell cannot utilize light energy beyond a certain maximum rate.
The ratio of assimilated light energy to light energy present in the environ-
ment must increase as the latter decreases until a low light level is reached
where a maximum portion of it is assimilated; the ratio should then remain
constant as the light continues to decrease, the assimilated energy of
carbon fixed now being directly proportional to the light present.

The data of Manning, Juday and Wolf (1938, Fig. 5) for Chlorella were
replotted in Figure 12 using logarithmic transformations for both variables.
The central part of the transformed curve shows an inverse linear relation-
ship, but at intensities greater than 300 ly/day (original intensities were
given in ergs/cm?/sec; 1 ly/day = 969 ergs/cm?/sec) the efficiency de-
creases more rapidly with increasing light, apparently the result of light-
saturation and inhibition and, at intensities less than about 40 ly/day, the
efficiency increases less rapidly with decreasing light reaching a constant
maximum at intensities less than about 6 ly/day, which is apparently the
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point of maximum energy utilization. The Panama data correspond to the
linear portion of this curve but do not show the maximum efficiency pla-
teau, nor do they show the drop in efficiency at high intensities, perhaps
because there are few values at extreme intensities. The solid portion of
the regression line from the Panama data (Fig. 11) is within the intensity
range of the linear portion of the Chlorella curve; the broken portion was
considered to be unreliable because of extreme values and deviation from
the Chlorella curve.

To compare relative efficiency in the Gulf with Strickland’s (1960)
productivity index, standing crop, here represented by chlorophyll <, had to
be converted to units of organic carbon. The conversion factor (F) varies
widely, as shown by Strickland (ep. cit.), but values of F = 30 and F = 60
were used as he suggested. In addition, a value of F = 100 was derived
from the Long Island Sound data of Harris and Riley (1956), using only
data for the summer months and rounding off to one significant figure.
Summer light intensities in that region approximate intensities at Panama,
and therefore, if chlorophyll content is dependent upon light the carbon-
chlorophyll ratios should be similar in both regions.

Corresponding factors for converting relative efficiency (RE) to pro-
ductivity index are:
F =30 PI =4 X RE
F =60 PI = 2 X RE
F = 100 PI = 1.2 X RE

when adjusted means of RE at 70 ly/day total radiation are used (which
is about optimal, or saturation intensity, and therefore not strictly accord-
ing to Strickland’s formula). PI values for the Gulf of Panama are given
below:

Station RE Productivity index
(Adjusted ([hour]—* [ly/min]-')
means) (F = 30) (F = 60) (F = 100)
101 0.60 24 1.2 0.72
102 0.90 3.6 1.8 11
103 1.2 4.8 24 1.4
104 14 5.6 2.8 1.7
105 0.16 0.64 0.32 0.19
106 1.8 7.2 3.6 2.2
107 1.8 7.2 3.6 2.2
108 1.9 7.6 3.8 2.3
109 1.1 4.4 2.2 1.3
110 : 2.2 8.8 4.4 2.6
111 2.2 8.8 4.4 2.6
112 0.48 1.9 0.96 0.58

PI values for surface samples using I = 100 were calculated from data
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collected on STEP-I Cruise (SIO Ref. 61-18) in the southeastern tropical
Pacific between the equator and 24°S, and between 95°W and the coast
of South America. For 23 stations the range was 0.2 to 3.2 [hour]—!
[ly/min]—!, which is not large considering that both coastal upwelling waters
and offshore waters are included. Carbon fixation was for half a day
(about 6 hours) at about 0.05 ly/min. visible light or 70 ly/day total radi-
ation. The following table shows that PI values for the Gulf of Panama
station and the southeastern tropical Pacific were similar:

PI ([hour]—! [ly/min]?)

F Light Central tendency Range
Strickland, 1960 30,60 Suboptimal 0.5-2.0 01-5
Gulf of Panama 100 Optimal 0.9 (md.) 02-26
S.E. tropical Pacific 100 Optimal 1.0 (md.) 02-32

It has been shown that RE increases as light decreases, so the light should
be constant for calculations of PI. The “vitality” (Strickland) of the
phytoplankton would seem to be measured best at optimal light. For these
reasons the productivity at an intensity of 70 ly/day total radiation was
used; this is about optimal or saturation intensity.

Phosphorus and productivity

If inorganic phosphate were limiting production it would be expected
that correction of the relative efficiency (RE) values for phosphate con-
centration would improve the relationship with radiant energy. The cor-
rection was made by dividing the transformed values by the nutrient index
(v,) of Riley, Stommel, and Bumpus (1949). The nutrient index is based
on an inorganic phosphate concentration of 0.55 pg.at/L. below which
growth becomes limited for Nitzschia closterium (Ketchum, 1939). Riley
defined the nutrient index: . .. the ratio of the phosphate concentration
to the maximum limiting concentration of 0.55, with the added stipulation
that this ratio will not exceed unity.” The dependent variable thus cor-
rected became log[100 mg C/mg chl «/v,/ly]l. The common sample cor-
relation coefficient (r) for the phosphate-corrected relationship was
—0.88%*, The 95 per cent confidence limits for the common population
correlation coefficient (p) were —0.94 and —0.76 which include the co-
efficient for the uncorrected relationship (—0.90) signifying that correc-
tion for inorganic phosphate did not significantly alter the relationship.

The common sample regression coefficient (b) for the phosphate-cor-
rected relationship was —0.77; for the uncorrected relationship it was
—0.81. These coefficients were not significantly different because the 95
per cent confidence intervals for the common population regression co-
efficients overlapped (—0.92 < g8 < —0.62 for the corrected; —0.96 < g
< —0.67 for the uncorrected).

As was determined for the uncorrected RE, the adjusted means for
the phosphate-corrected variable were significantly different and the vari-



GULF OF PANAMA 19

ance ratios were identical (FF = 2.51* for the uncorrected variable; F =
2.49* for the corrected variable).

Since the coefficients of correlation, the coefficients of regression, and
the variance ratios of the adjusted means for both the phosphate-corrected
and the uncorrected relationships were not significantly different, it can be
concluded that inorganic phosphate was not limiting to production at these
stations. But these stations were made between November 18 and June 3,
covering the entire upwelling season with two stations preceding it and
three following it. Inorganic phosphate concentration is high during the
season of upwelling. The mean nutrient index for these stations was 0.80
and the range was 0.34 to 1.00. So, although phosphate concentration
apparently had no limiting effect here, it may not be safe to extrapolate
the conclusion to the non-upwelling periods as well.

If the limiting phosphate concentration is assumed to be 0.25 ug at/L,
as found by Goldberg, Walker and Whisenand (1951) for Asterionella jap-
onica, nutrient indices based on this value would be unity at all these sta-
tions (101-112) except one, where the index ranged from 0.76 to 0.92. On
this basis as well phosphate concentrations can be said not to have been
limiting to production during this period.

It is not unreasonable to have applied limiting values for phosphate
concentrations derived from diatoms considering that Smayda (1959) found
that, for the period from November 1954 to March 1957 at the station lo-
cation, diatoms were the predominant form, particularly during the up-
welling season when their biomass increased tenfold.

Relationship of relative efficiency and upwelling

The variability of the adjusted means of the relative efficiency values
(RE) was assumed to be related to factors, presumably limiting concen-
trations of nutrients, dependent upon the degree of upwelling. Fleming
(1935, 1940) first estimated the vertical displacement of the water in the
Gulf of Panama from temperature and salinity profiles, and his latter esti-
mate is corroborated in the present paper (p. 11). Although temperature
and salinity are used for identifying the upwelling water, these physical
properties in themselves probably do not greatly affect its productivity.
Temperatures and salinities at the greatest depth sampled (37 m.) were
considered to be the more reliable indices of upwelling; temperature at
lesser depths was thought to be more influenced by other factors such as
radiation, heat-transfer from rainfall and river-flow, and salinity at lesser
depths by dilution effects. Correlation coefficients for these properties and
the adjusted means of RE suggest that these assumptions are correct: for
the salinity at 37 m. and RE, r = 0.71** and rq — 0.78**; for the tempera-
ture at 37 m. and RE, r = —0.68* and ry = —0.67%; correlations were not
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significant for measurements at 10 m. or less. The data are given in Table
5 and the relationships shown in Figure 13.

Relationships of wind, upwelling, and relative efficiency

Schaefer, Bishop and Howard (1958) have shown that mean spring
surface temperatures at Balboa are related to total northerly winds (r =
0.40**). 1In the present paper relationships of mean net northerly wind
velocity at Balboa with temperature and salinity were examined. “Mean
net northerly winds” signifies mean northerlies (NW, N & NE) less mean
southerlies (SW, S & SE): southerlies were subtracted because they prob-
ably have a negative effect on upwelling by moving nutrient-deficient sur-
face waters back into the Gulf. Mean net northerly wind velocities for
varying numbers of consecutive days previous to the station-day (the day
immediately preceding the station-day always being included) were cal-
culated and their relationships with indices of upwelling and productivity
were examined in order to determine the wind period of greatest effect.
Correlation coefficients are given in Table 6 (at the highest value of r a
check on their reliability was made by calculating r, since parametric
tests are not strictly justifiable with such small samples; results indicate
that here r is as conservative as ry and therefore can be used safely) and
the relationship of these with the number of wind-days used to calculate
the mean is shown in Figure 14.

Temperature at 37 m. was highly correlated with mean net northerly
wind for periods ranging from one to ten days; the highest coefficients
were for the three- and four-day periods (r = —0.93**). Salinity at 37 m.
was also well correlated with wind, the highest coefficient being for the
three-day period (r = 0.76**). RE was significantly correlated with wind
only up to and including a four-day period; maximum coefficients were
for the two- and three-day periods (r = 0.68*%; r = 0.67*). Although
within each group of relationships (wind-temperature, wind-salinity, and
wind-RE) the population correlation coefficients (p) are not significantly
different, the smooth appearance of each of the three curves and the fact
that all three have their greatest amplitude around three-day wind suggests
that this period is the best for predicting the degree of upwelling and pro-
ductivity from wind velocity, and that little time is lost between nutrient
availability and measurable phytoplankton response. Such rapid response
was also found by Rodhe (1958) for plankton from Lake Erken: *... pri-
mary production within 24 hours after the addition could be increased as
as much as 80% by means of hypolimnic water . . .”.

In order to substantiate these relationships which are based on data
from 12 stations only, they were tested using more extensive data; tem-
perature at 37 m. for 110 stations was well correlated with three-day mean
net northerly wind (r = —0.68**) indicating that 46 per cent (r2) of the
variation can be explained by wind; the logarithm of carbon fixation at
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10 m. for 81 stations was significantly correlated with temperature at 37
m. (r = —0.37**) indicating that 14 per cent of the variation was caused
by hydrographic changes, and significantly correlated with wind (r =
0.46**) so that 21 per cent of the variation was due to wind.

Variables n r r:

Temperature at 37 m. and three-day mean

net northerly wind 110 —0.68**  46%
Logarithm of carbon fixation at 10 m. and

temperature at 37 m. 81 —0.37** 14%
Logarithm of carbon fixation at 10 m. and

three-day mean net northerly wind 82 0.46** 21%

Photosynthesis-chlorophyll ratio

It is often of interest to apply formulae derived under a given set of
conditions to analogous situations under a different set of conditions in
order to test the universality of the established relationship. Thus Ryther’s
(1956) method of determining absolute photosynthesis from radiation,
transparency, and photosynthesis at light-saturation was applied to the
data for these last 12 Gulf of Panama stations. Ryther defines the rela-
tionship as follows: ‘“An absolute value of total photosynthesis (P), in mg
of carbon assimilated per day beneath a square meter of sea surface, may
now be obtained for a homogeneously distributed population from the
expression:

Rs
k
where R, = total relative photosynthesis within the euphotic zone for
the appropriate value for total daily surface radiation
(S), from Figure 6
k = extinction coefficient per meter, as measured
P... = measured total or ‘gross’ photosynthesis at light satura-
tion of a sample of the population, expressed as mg car-
bon/m3/hour.”

P: XPsat

Comparison of the observed values with those calculated from the
above expression (Table 7) shows that the ratio of observed photosynthesis
to calculated photosynthesis ranged from 0.7 to 2.2, the median being 1.2.
However, the expression requires values for gross photosynthesis while
the values given here represent net photosynthesis. Furthermore, the
measurements were made only to a depth of 15 m., whereas the depth of the
euphotic zone averaged 23 m. If it is arbitrarily assumed that respiration
requires 10 per cent of gross production, and likewise that 10 per cent of
the total photosynthesis in the water column occurred between the depths
of 15 and 23 m. (compensation depth), where it was not measured, then
the observed measurements should be increased by about 25 per cent.
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Ratios calculated from such corrected values range from 0.9 to 2.8, the
median being 1.6. Ryther’s expression then appears to fit the Gulf of
Panama data since the 60 per cent difference between corrected observed
values and those calculated for photosynthesis is not judged significant.

Similarly, the expression of Ryther and Yentsch (1957) for the esti-
mation of production from radiation, transparency, and chlorophyll was
applied to the same data. Their equation is:

P=Rxcxar
where P = g Carbon/m?/day,
R = R, in Ryther’s expression,
k = extinction coefficient,
C = g chlorophyll/m?,
3.7 = photosynthesis-chlorophyll ratio (g Carbon,/g chlorophyll/hour).

In this case the ratios of the corrected observed photosynthesis to the cal-
culated photosynthesis had a median of 5.6, and ranged from 1.9 to 12.
This suggests that the expression is not correct for this type of environ-
ment. Comparison of values calculated from both of the above equations
shows that Ryther’s yields values 1.2 to 14 times as great, the median being
3.2 times as great as those derived from that of Ryther and Yentsch. The
photosynthesis-chlorophyll ratio of 3.7 should be 3.2 times as great, or 12,
for the equations to be consistent here.

Calculation of the photosynthesis-chlorophyll ratios from actual pro-
ductivity and chlorophyll measurements for 18 stations (Sta. 87-109) in the
Gulf of Panama where data were available at all four depths, and the
maximum value (P...) was taken to represent photosynthesis at light
saturation (P;.:), resulted in a median ratio of 11.

Some photosynthesis-chlorophyll ratios in the tropical waters taken
from other publications are given in Table 8. James Joseph (personal com-
munication), while examining data from “Swansong” Expedition off the
Galapagos Islands in 1961, found a median ratio of 11 for surface plankton
at light intensity where maximum productivity occurred. Data collected
on STEP-1 Expedition to the Peru Current and southeastern tropical Pacific
(SIO Ref. 61-18) were arbitrarily divided into two regions because of a pos-
sible latitudinal effect upon the ratio: the median ratio was 12 from 5°N to
12°00’S; from 12°01’S to 24°S it was 5.7. Ratios calculated from maximum
productivity values in the water column in the Eastern Tropical Pacific had
a median of 6.4 (from Holmes, Schaefer, and Shimada, 1957).

Doty (1961), discussing five well-correlated relationships obtained in
16 cruises in the tropical Pacific, states: “Of the cases of close correlation
between productivity and chlorophyll-« it is interesting, to note, only in one
case was there a ratio of chlorophyll-z to productivity as low as twice the
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‘3.7 mg of carbon per mg of chlorophyll-z per hour’ ratio used so frequently
by those using the pigment method of measuring productivity.”

Steemann Nielsen (1959) showed that for tropical surface plankton at
light saturation the ratio was 9. The difference between the ratio of Ryther
and Yentsch (derived from measurements made in the temperate zone) and
these from the tropics was apparently explained by Steemann Nielsen: “If
measured per unit of chlorophyll, the rate of light saturated photosynthesis
in phytoplankton increases with increasing light intensity . ...” His graph
shows the relationship. Odum, McConnell, and Abbott (1959) have re-
viewed the work of several authors who found that chlorophyll content
decreased as light increased. They have suggested that this is an adaptation
for optimum energy absorption and have described a model which illus-
trates the postulated mechanism. However, examination of the incident
radiation in question (I,, Table 8) does not indicate that light was a major
factor affecting the ratio, as there was little difference between light values
at which Ryther and Yentsch applied their formula and those during these
experiments in the tropics. Median chlorophyll « concentrations in these
tropical regions were one tenth or less of the median values given in Table
2 of Ryther and Yentsch (0.08 — 0.32 mg/m3 compared to 2.8 mg/m3),
suggesting that the ratio is inversely related to chlorophyll concentration.
Ichimura (1958), however, found just the opposite: a high ratio in eutrophic
lakes and a low ratio in oligotrophic lakes.

All the above ratios from the tropics (derived from P, or P,.., see
Table 5) have a median value of 9. Ratios using productivity values from
surface phytoplankton incubated at 1000 foot-candles (Pio0 r...) Were lower
except for data from the Costa Rica Thermal Dome. According to Ryther
(1956, Fig. 2) the mean curve of photosynthesis for marine phytoplankton
shows light saturation to be about 2000 f.c. Multiplying these ratios by two
as a correction to convert Py 1... to Pg.¢ yields ratios of 4.0, 6.8, 8.4, and 26
(see Table 8 for references). Adding these corrected ratios to the first
group of ratios measured at Py, or P, yields a median ratio of 8.4.

From these data one would expect the photosynthesis-chlorophyll ratio
in the tropics to be at least double the 3.7 of Ryther and Yentsch derived
from temperate zone data, but the reasons are not clear. Perhaps the ratio
is related to water temperature: as temperature increases the viscosity of
water decreases and therefore the sinking rate of a phytoplankter in-
creases; if the surface-volume ratio of tropical phytoplankton is greater to
reduce the sinking rate, and providing that surface area through which
chemical exchange can occur is also greater, the productivity rate and
therefore the photosynthesis-ratio can be greater.

Phytoplankton-zooplankton relationships

In seeking relationships between measures of standing crop of phyto-
plankton and zooplankton, the sources of error and the assumptions and
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simplifications made must be noted. Errors in measurements made with
nets are great, partly because of the difficulty of measuring the amount of
water strained. Both phytoplankton and zooplankton usually follow aggre-
gated, or contagious, distributions, therefore sampling should cover a suffi-
cient distance in horizontal and vertical planes to minimize the effect of
patchiness. The method of standard oblique hauls for zooplankton ap-
proaches a good sampling method because both the horizontal and vertical
components of the distribution are included, but can be expected only to
minimize, not eliminate, such effect. Sampling phytoplankton in the water
column by means of both chlorophyll 2 concentrations and vertical net hauls
only eliminates the effects of the vertical component of variation, leaving
the values subject to the horizontal component of variation.

The relationship of zooplankton crop to chlorophyll « concentration or
to volumes of phytoplankton collected by net hauls is not clear. Chloro-
phyll @ is a measure of all the phytoplankton present (assuming that only
chlorophyll from living organisms is measured), but the herbivores may
consume only certain types or sizes of organisms which constitute a varying
proportion of the total phytoplankton. Conversely, the nannoplankton pass-
ing through a net may contribute an important portion to the food of the
grazers which probably bears no constant relation to the phytoplankton
retained by the net.

For sake of simplicity in attempting to find functional relationships it
is generally assumed that zooplankton is composed of herbivores only, al-
though it is composed of both herbivores and carnivores representing at
least two trophic levels. Treating these two levels as one which is directly
dependent upon the phytoplankton introduces additional error since carni-
vore growth must lag behind herbivore growth. In view of these methods
and over-simplifications it is not surprising that few investigators have
found significant relationship in the ocean between standing crop at
primary and secondary trophic levels.

The relation of zooplankton and chlorophyll 2 was sought from data
collected at 54 stations from December 15, 1957 to June 3, 1959. Zooplank-
ton volumes from oblique hauls were used; data from surface hauls were
not used. Logarithmic transformations were used to normalize the distri-
butions: the logarithm of chlorophyll « concentration in the water column
to a depth of 25 m. (log[mg/m?]) was made the independent variable; the
logarithm of zooplankton crop (log[ml/1000 m3]) was made the dependent
variable.

Two methods were used in an attempt to find relationships: in the first,
both variables were from simultaneous measurements; in the second, the
dependent variable was computed from measurements made later than
those of the corresponding independent variable. With respect to the for-
mer method, Bainbridge (1953) stated that ““ .. . it has been demonstrated
that generally, but by no means always, there is an inverse relationship be-
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tween the quantities of zooplankton and phytoplankton taken in any one
limited area . . . ” and his experiments support Harvey’s (1934) proposal
and that of Harvey, Cooper, Lebour and Russell (1935) that this was caused
by zooplankton grazing. Bainbridge proposed that ‘ . . . this may be ac-
counted for by a combination of migration and grazing.” With regard to
the latter method, a direct relationship can be expected if a sufficient period
of time is permitted to allow the zooplankton population to respond to
changes in the phytoplankton, providing that migration does not occur.
Steemann Nielsen (1937) states: ‘“The essence of my opinion as to the cause
of inverse relation between quantities of zooplankton and phytoplankton is
that although there is some connection between the amounts of zooplank-
ton and phytoplankton, as the former depends for food on a good produc-
tion of the latter, the slower development of a zooplankton population will
delay the appearance of its maximum as compared with the time of the
phytoplankton maximum.” For convenience, a two-week lag period was
used because the stations were made bi-weekly. This may be enough time
for the grazers to respond, in biomass, to phytoplankton increase. Marshall
and Orr (1955), in their study of the copepod Calanus, examined the results
of experiments made by Nicholls: egg-laying rate increased in starved ani-
mals as soon as they were fed; at 14°-15°C a minimum of 30 days were re-
quired for development from egg to adult *“ . . . and about the same time for
ripening the genital products, a total life of 60-70 days . .. .” Assuming
Q.0 = 2 for zooplankton, the growth rate in the Gulf of Panama should be
double since the average temperature is about 1C°C greater than in these
experiments. So, on this basis, a minimum of 15 days can be estimated for
a new generation of adult grazers to be added to the standing crop of the
Gulf of Panama in response to phytoplankton increase. If the biomass in-
crease is sufficient, a direct relationship is expected.

The results of both methods are given in Table 9.

Sample correlation coefficients (r) for all available data, analyzed as
one sample, are not significant. Since the seasonal change in the ratios of
the different types of phytoplankton (Smayda, 1959) may have affected
the relationships, correlation coefficients were calculated separately for both
seasons but none are significant. In order to avoid possible variation among
years correlation coefficients were calculated separately for each season in
each year. None is significant. Coefficients for simultaneous measurements
show no clear tendency towards either direct or inverse relationships.
Lagged measurements show a tendency towards the expected direct rela-
tionship if the coefficients for the separate seasons are examined. The
negative correlation coefficient for all upwelling stations analyzed as one
sample was caused by differences in years. Analysis of covariance indicates
that the slopes of the lagged values for the three upwelling seasons are not
all the same, although the slopes are all positive. The slopes for the 1958
and 1959 seasons, however, were similar (b = 0.63, b = 0.67) and their
correlation coefficients are fairly high (r = 0.67, r = 0.52). In spite of
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these few apparent trends no statistically significant relationship was found
between chlorophyll 2 and zooplankton.

Braarud (1958) states that “. . . net methods should not be employed
for quantitative phytoplankton studies.” But net hauls might be a reliable
measure of relative phytoplankton concentration in the Gulf if most dia-
toms are large enough to be retained by the net, since, according to Smayda
(1959) diatoms are the prevalent form there. Furthermore, if most of
the grazers can only utilize the larger forms of phytoplankton and cannot
feed on nannoplankton (perhaps because of an inability to strain these
smallest organisms from the water), then net phytoplankton would be a
better measure of the available food than chlorophyll « which measures
total phytoplankton. Harvey (1937) found that Calanus strained larger
phytoplankton more efficiently than smaller phytoplankton. The data
were, therefore, retested for correlation with phytoplankton from net hauls
replacing chlorophyll 2 as a measure of standing crop. Correlation co-
efficients were calculated for the logarithm of the zooplankton and the
logarithm of ten times (to avoid negative logarithms) the phytoplankton
volume (log[10 ml/m3]). The transformed data were normally distributed.
Results are given in Table 10.

Correlation coefficients are significant and unexpectedly are positive
for simultaneous measurements for all data analyzed as one sample (r =
0.32**) and for all rainy season stations analyzed as one sample (r =
0.35**). Correlation coefficients are significant and positive as expected
for the same groupings of the data when a two-week lag was used (r =
0.32*%* 0.33*). The slopes were calculated by the method of Bartlett
(1949) because the independent variable was subject to error. The 1956
upwelling season was not tested because of insufficient data. Excepting
1957, correlation coefficients for the lagged relationships tend to be greater
in the upwelling season (r = 0.74, 0.62, 0.65) although none are significant
because of small values of n. Analysis of covariance of the upwelling data
indicates that the slopes are different, which partly explains the non-sig-
nificance of the correlation coefficient for all the upwelling data analyzed
as one sample. Except for the 1958 rainy season, all of the correlation
coefficients for the relationship of lagged values are algebraically greater
than for simultaneous values during the individual seasons, suggesting that
lagging the data does tend to produce relationships which are more directly
and better correlated.

To eliminate some of the variation from the data, to see if any trends
could be identified, moving averages from groups of five consecutive sta-
tions were calculated from the logarithms of zooplankton and chlorophyll «
concentrations. These means were plotted and are shown in Figure 15.
The points are connected and arrows indicate the sequence. The graph
shows a strong tendency for positive slopes to occur during the upwelling
seasons and for negative slopes to occur during the rainy season. The
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points on the graph at which the alignment of points appears to change
have been labeled. The tendencies towards positive or negative slopes are
summarized in the following table (the months shown being the central
ones in the period from which the means were calculated):

Period Approximate season Sign of slope
January-March 1957 Upwelling +
March-November 1957 Rainy —
November 1957-March 1958 Upwelling +
March-September 1958 Rainy —
September 1958-January 1959 End of rainy ?
January-April 1959 Upwelling +
April-May 1959 Beginning of rainy —

Except for the period from September 1958 to January 1959, where no
apparent relationship exists, the signs of the slopes are consistent for each
season.

Riley and Bumpus (1946) found that on Georges Bank (off Cape Cod,
Massachusetts) ‘. . . the seasonal trend in the phytoplankton-zooplankton
relationship is direct in the early spring and inverse later.” Positive cor-
relations occurred in February, March, and April, the season of mixing and
fertilization, and negative correlations occurred during the remainder of
the year. So, the relationships in the Gulf of Panama, at least as illustrated
by this figure, tend to be the same as those found by Riley and Bumpus:
direct when plant production is high and inverse when plant production
is low.

A similar figure was constructed for zooplankton and net phytoplank-
ton, but, although the tendencies were not as clear and the scatter was
greater, it showed the slopes to be the reverse of those found above: these
were negative during the upwelling season and positive during the rainy
season.

Attempts at prediction of annual biological productivity

An attempt was made to establish a basis for predicting annual bio-
logical productivity from wind and hydrography. Most of the variables
during the upwelling season, given in Table 11, were tested for significant
differences among years; significance was here set at the 10 per cent level
because of the small samples. Mean sea level (n = 120) and mean surface
temperature (n = 120) at Balboa were not tested because they were con-
sidered significantly different among years owing to small variation and
large n. There were significant differences among years for the following
variables: mean northerly wind for all days (n = 120); temperature and
density at 37 m.; phosphate decrease from the bottom to the top of the
water column (— APs.,); chlorophyll 2 in the water column; extinction
coefficient (k); and zooplankton volume. Abundance of anchoveta (from
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Alverson and Shimada, 1957 and from F. G. Alverson, personal communi-
cation), abundance of skipjack (Katsuwonus pelamis) and of yellowfin (Neo-
thunnus macropterus) tunas (from Tuna Commission records) were all con-
sidered significantly different among vears because of the extensive data
(given as catch-per-standard-day’s-fishing effort, Catch/S.D.F.; for deri-
vation see Shimada and Schaefer, 1956).

The remaining variables showed no significant differences among
years and therefore could not be used to establish correlations: three-day
northerly wind (N) and three-day net northerly wind (N — S); salinity
at 37 m.; increase in oxygen from the bottom to the top of the water-
column (AO. ;:.,); and carbon fixation at 10 m.

Means of temperature at 37 m. and  AP..., for four years were not

significantly correlated but the coefficients were high (r, = —0.82; r =
—0.74). Row numbers are from Table 11.
Ranks of variables (r, —= --0.82)
Row Variable 1956 1957 1958 1959
6 Temperature at 37 m. 4 3 2 1
9 — AP, 3 4 2 1
Temperature at 37 m., — AP, chlorophyll 2, and extinction for three

years were not significantly correlated but the coefficient was fairly high
(W = 0.67; 0.10 < P < 0.20).

Ranks of variables (W = 0.67; 0.10 < P < 0.20)

Row Variable 195% 1958 1959
6 Temperature at 37 m. 3 2 1
9 o AP::TAO 3 2 ]

12 Chlorophyll a 2.5 2.5 1

13 Extinction coefficient 3 1 2

Excluding extinction coefficient from the test because of possible effects of
detritus unrelated to productivity improves the correlation coefficient but
reduces the significance (W = 0.86; P < 0.20).

A series of daily measurements must describe seasonal conditions in the
Gulf more accurately than bi-weekly measurements, so the relative mag-
nitude of variables in different years may be different when based on daily
data. Bi-weekly data suggest, though none of the tests were significant,
that 1959 was a year of weak winds and small effects; but mean northerly
winds for all days during the upwelling season (n = 120) were greater in
1959 than in 1955, 1956, and 1958 (Link-Wallace shortcut analysis of vari-
ance: P <« 0.05) and, although mean sea level (n = 120) was only mod-
erate in 1959, mean surface temperature (n = 120) was lowest that year.
So 1959 was probably the year of greatest upwelling and productivity and
not that of the least. Primary production here responds so rapidly to
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wind changes that means of bi-weekly measurements may not represent
average daily production (see page 30 for further examination of this).
Zooplankton responds to phytoplankton changes more slowly than does
phytoplankton to nutrient changes, so zooplankton might be a better index
of seasonal production than other bi-weekly measurements. 1959 does in
fact have a maximum mean value for zooplankton in the upwelling season
which is 50 per cent greater than that of the next lowest year, but there
is no correlation between ranks of means of daily wind or surface tem-
perature and zooplankton data.

Further attempts to correlate higher trophic levels such as anchoveta,
vellowfin tuna, and skipjack tuna with wind, hydrography, and lower
trophic levels failed, except in the case of skipjack tuna with zooplankton.
Catch in tons of skipjack per standard-day-of-fishing effort in the Guif
(statistical areas: 005-075-14, -15, -19, -20; see Schaefer, 1953) during the
entire year was significantly correlated with mean zooplankton volume
during the upwelling season (r, = 0.90 P < 0.10; r = 0.91*). The skipjack
data were divided into quarters of the year, but only in the second quarter
(April-June) were there sufficient data to derive reliable indices for all
five years; again the correlation was high, though r was not quite signi-
ficant at the 5 per cent level (ry = 0.90 P < 0.10; r = 0.86n.s.). The re-
lationships are shown in Figure 16.

The indications of the strength of upwelling, and resuitant biological
effect, of the different types of data for 1959 are summarized below:

1959: weak year 1959: strong year
Short-period variables Mean daily northerly wind
Temperature at 37 m. Mean daily surface temperature

— APy Long-period variables

Chlorophyll « per m?
Zooplankton volume
Skipjack abundance

Variables which tend to respond rapidly to wind changes (short-period
variables) indicate that 1959 was the year of weakest effects; but mean
daily northerly wind and mean daily surface temperature and variables
which respond slowly to wind changes (long-period variables) indicate that
1959 was the year of strongest wind and greatest effects. Though zoo-
plankton volume is intrinsically a crude measure of biological production,
it may be better in reflecting the effects of average upwelling than the
other bi-weekly measurements, because of its slower response to upwelling.
Mean daily northerly wind values are reliable because they are based on
continuous data. Skipjack abundance in the Gulf, which is also reliable
because of extensive data, was also greatest that year, suggesting that the
fish in their wanderings accumulated in the area because of abundant food
(F. G. Alverson, personal communication).
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These apparent differences indicate that samples were too infrequent
to obtain means representative of actual average conditions. Rodhe (1958)
in his study of Lake Erken, which is similar to the Gulf of Panama during
the upwelling season in having its productivity largely controlled by wind
force, states: ‘“The conclusion that can be drawn from this example is that
a sampling frequency as high as once a week need not warrant a true pic-
ture of temporal succession,” and also that “. . . the extent of possible daily
variations should be investigated, before the significance of the less fre-
quent data is taken for granted.” If it is decided that the sample mean
for the wind during the upwelling season is representative when it is within
one m.p.h. of the true mean in 19 cases out of 20, then 18 days must be
sampled (in this case both the standard deviation ¢, and the population
mean p, are known). In fact, at least 21 days were sampled during each
season since at least seven three-day means were used. In 1959 however,
the difference (X — u = 7.3-8.8) was greater than one m.p.h. so the sample
mean is not representative of the true mean (which can occur in one case
out of 20).

For the remaining variables only about eight days out of 120 were
sampled. Population standard deviations (o) were estimated from stan-
dard deviations (s) of bi-weekly data for all years during the upwelling
season. The maximum differences expected between sample means and
true means in 19 cases out of 20 were calculated and found to be large; ex-
pected differences were also calculated from samples of 16 and 32 (see
Table 6). In order to reduce the maximum expected differences by half,
sampling frequency must be four times as large; in this case 32 measure-
ments during the upwelling season, or twice a week. This may be difficult
to do for practical reasons, but, judging from these data, future sampling
here or in a similar region must be increased to obtain representative
measures of hydrographic and biological variables that can be compared
between years. The size of the sample required depends directly upon
the variance (o?), so in regions or seasons with less variation smaller
samples are needed to obtain the same results. One must have an estimate
of the variance to determine the required sampling-frequency, but this is
unknown in a new region, so estimates must be taken from known regions.
The results above may be of use to those establishing sampling programs
where conditions are similar.

Further attempts were made to find relationships between yearly
indices of fish abundance (anchoveta, skipjack tuna, and yellowfin tuna)
and data collected by the Panama Canal Company (mean northerly winds,
surface temperature, and sea level at Balboa during January-April). It
was thought that these more extensive data might reveal some correlation
(see Table 12). In spite of larger samples than in the preceding analyses
no significant correlations were found between fish abundance and north-
erly winds, surface temperature, or sea level.
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Figure 1. Wind velocity, sea level and sea temperature at Balboa, C. Z., and hydro-

graphic and biological data at Gulf of Panama station, 8°45'N 79°23'W,

1954-1955.

Figura 1. Velocidad del viento, nivel del mar y temperatura del mar en Balboa, Z.
del C., datos hidrograficos y biologicos en la estacion del Golfo de

Panama, 8°45'N 79°23'W, 1954-1955.
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Figure 2. Wind velocity, sea level and sea temperature at Balboa, C. Z., and hydro-

Figura 2.

graphic and biological data at Gulf of Panama station, 1955-1956.

Velocidad del viento, nivel del mar y temperatura del mar en Balboa, Z.
del C., datos hidrograficos y biolagicos en la estacién del Golfo de
Panama, 1955-1956.
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Figure 3. Wind velocity, sea level and sea temperature at Balboa, C. Z., and hydro-
graphic and biological data at Gulf of Panama station, 1956-1957.

Figura 3. Velocidad del viento, nivel del mar y. temperatura del mar en Balboa,
Z. del .C., datos hldrograflcos y biol6gicos en la estacién del Golfo de
Panama, 1956-1957%.
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Figure 4. Wind velocity, sea level and sea temperature at Balboa, C. Z., and hydro-
graphic and biological data at Gulf of Panama station, 1957-1958.

Figura 4. Velocidad del viento, nivel del mar y temperatura del mar en Balboa,
Z. del C., datos hidrograficos y biolégicos en la estacién del Golfo de
Panama, 1957-1958.
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Figure 5. Wind velocity, sea level and sea temperature at Balboa, C. Z., and hydro-
graphic and biological data at Gulf of Panama station, 1958-1959.
Figura 5. Velocidad del viento, nivel del mar y temperatura del mar en Balboa,

Z. del C., datos hldrograflcos y biolégicos en la estacion del Golfo de
Panama, 1958-1959.
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Tropical Pacific, and at the Gulf of Panama station.

Figura 8. Relaciones de las concentraciones del oxigeno disuelto y del fosfato-fésforo en el Mar del Norte, en el Pa-
cifico Oriental Tropical y en la estacion del Golfo de Panama.
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Figure 10. Relative efficiency of photosynthesis as a function of submarine light

Figura 10.

intensity, Gulf of Panama station, Sta. 101-112.

Eficiencia relativa de la fotosintesis como una funcién de la intensidad
de la luz submarina. Estacion del Golfo de Panama, Est. 101-112.
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Figure 11.

Figura 11.
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Figura 12.

QUANTUM EFFICIENCY
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Quantum efficiencies for Chlorella as a function of light intensity, from
Figure 5 in Manning, Juday and Wolfe (1938).

Eficiencia de “quantum’” para Chlorella, como una funcién de la in-
tensidad de la luz, de la Figura 5 de Manning, Juday y Wolfe (1938).
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Figure 13. The adjusted mean of relative efficiency of photosynthesis as a function of upwelling indices (tempera-

ture and salinity at 37 m.), Gulf of Panama station, Sta. 101-112.

Figura 13. La media adjustada de la eficiencia relativa de la fotosintesis como una funcién de los indices de aflora-

miento, (temperatura y salinidad a 37 m.), estaciéon del Golfo de Panama, Est. 101-112.
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Figure 14.

Figura 14.

2- DAY MEAN NET NORTHERLY WIND (M.P H.)

Correlation coefficients of upwelling indices (salinity and temperature

at 37 m.) and relative efficiency of photosynthesis (RE) with mean net
northerly winds calculated from wind data from varying numbers of
days immediately preceding the station day, as a function of the num-
bers of days; and plots of the best correlated data. Gulf of Panama
station, Sta. 101-112,

Coeficientes de correlacion de los indices de afloramiento (salinidad y
temperatura a 37 m.), y eficiencia relativa de la fotosintesis (RE) con
la media de los vientos netos del norte, calculados segtin los datos del
viento en niimeros variantes de dias que precedieron inmediatamente
al dia de la estaciéon, como una funcién del niimero de dias, y graficos
de los datos mejor correlacionados. Estacion del Golfo de Panama,
Est. 101-112.
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Figura 15. La media moévil de cinco estaciones de logaritmos de mediciones simul-

taneas de concentraciones de zooplancton y clorofila a. Los nimeros
representan el orden de los nimeros de las estaciones de la cual, la
media fué calculada, y los meses centrales de los periodos se dan entre
paréntesis. Estacion del Golfo de Panama, Est, 52-112.



6
LL: L)
o
n
~
* 4
<
(o]
-

3
X
Q
<
-
e 2
X
w

|
Figure
Figura

SKIPJACK : SKIPJACK : ¢
— . —
Entire Year o 2nd Quarter
(April- June) °
- L |
o
= L [ ]
q - 0.90(P<0.10) ° rd =0.90(P<0.10)
° r =091% r =0.86(P<0.10)
[ J [ ]
] ] | | | 1
100 200 300 100 200 300
Z00 PLANKTON : JAN.- APR. (ml/1000 m2)
16. Skipjack tuna (tons per standard-day-of-fishing in statistical areas 005-075-14, 15, 19, and 20) as a function
of zooplankton concentration at the Gulf of Panama station, January-April 1955-1959.
16. El atan barrilete (toneladas por dia estandar de pesca en las areas estadisticas 005-075-14, 15, 19 y 20),

como una funcion de la concentracién de zooplancton en la estacién del Golfo de Panamai, periodo enero-
abril 1955-1959.

)

r
.

VINVNVd J0 A7101

114



46 FORSBERGH

TABLE 1. Rise in meters of isotherms and isohalines, Gulf of Panama station.

TABLA 1. Subida en metros de las isotermas e isohalinas en la estacién del Golfo
de Panama.

Season Total rise in meters
Isotherms Isohalines Mean
Temporada Subida total en metros
- Isotermas Isohalinas Media
Dec. 24, 1954 - May 3, 1955 Upwelling 73 68 70
Afloramiento
May 3, 1955 - Dec. 26, 1955 Rainy 58 50 54
Lluviosa
Dec. 26, 1955 - Apr. 30, 1956 Upwelling 4 103 88
Afloramiento
Apr. 30, 1956 - Dec. 17, 1956 Rainy 48 54 51
Lluviosa
Dec. 17, 1956 - May 6, 1957 Upwelling 49 62 55
Afloramiento
May 6, 1957 - Dec. 28, 1957 Rainy 47 60 54
Lluviosa
Dec. 28, 1957 - Apr. 28, 1958 Upwelling 92 103 98
Afloramiento
Apr. 28, 1958 - Jan. 2, 1959 Rainy 33 50 42
Lluviosa B
Upwelling 72 84 78
\L;I:lan Valueg. Afloramiento
medios
ores medio Rainy 46 54 50

Lluviosa
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TABLE 2. Statistics of biological observations for upwelling and rainy seasons,
Gulf of Panama station, Nov. 1954 - June 1959.

TABLA 2. Estadisticas de las observaciones biolégicas para las temporadas de
afloramiento y de lluvia en la estacion del Golfo de Panam4i, noviembre
de 1954 - junio de 1959.

Upwelling Rainy Significance
season season level
Stations Jan, - Apr. May - Dec. (rank test)

Nivel de sig-
Temporada de Temporada nificancia

afloramiento lluviosa (prueba de
Estaciones Enero - April Mayo - Dic rango)
Chlorophyll « in water 52-112 x 17 11 *k
column (mg/m?2 to 25 m) s 89 4.1
Clorofila « en la columna w 25-34 4.8-20
de agua (mg/m? hasta N 22 35
los 25 m)
Primary production at 27-112 x 30 12 Hoke
10 m (mg C/ms3/day:.) s 25 89
Producciéon primaria a ) 1.5-99 1.2-40
los 10 m (mg C/ms3/dia..) N 30 49
Primary production in 87-112 x 680 330 *
water column (mg C/m?2/ s 420 140
day. to 15 m) w 160 - 1300 160 - 580
Produccién primaria en la N 8 17
columna de agua (mg C/
m2/dia: hasta 15 m)
Zooplankton crop 1-112 x 160 92 n.s.
(ml1/1000 m3) s 200 72
Cosecha de zooplanc- © 5-770 6-430
ton (ml/1000 m3) N 37 61

TABLE 3. Means of concentrations, and differencces of concentrations, at various
depths, from concentrations at 37 m., of phosphate-phosphorus and dis-
solved oxygen during January-April, 1959, Gulf of Panama station.

TABLA 3. Promedio y diferencia de las concentraciones a distintas profundidades,
segiin las concentraciones a los 37 m. de fosfato-fésforo y oxigeno di-
suelto durante el periodo enero-abril de 1959, en la estacion del Golfo
de Panama.

Depth Phosphate Phosphorus Dissolved oxygen
(m) conc. change conc. change
(ug.at/L) (ml/L)
Profundidad Fosfato Fosforo Oxigeno disuelto
(m) conc. cambio conc. cambio
(nzg.at/L) (ml/L)
0 0.5 —1.2 5.1 3.1
5 0.5 —1.2 4.8 2.8
10 0.7 —1.0 4.3 2.3
20 11 —0.6 3.7 1.7
37 1.7 0.0 2.0 0.0
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TABLE 4. Carbon fixation in the water column and differences in oxygen and
phosphate concentrations from the bottom (37 m.) to the top of the
water column, stations 87-112, Gulf of Panama station.

TABLA 4. Fijacion del carbono en la columna de agua y diferencias en las con-
centraciones de oxigeno y fosfato desde el fondo (37 m.) hasta la cima
de la columna de agua, estaciones 87-112, estacion del Golfo de Panama.

Station g C/m2/day.: AO; 5 —AP3y,
Estacion to 15 m. ml/L ug at/L
87 0.76 4.67 211
88 0.58 3.46 1.56
89 0.16 213 0.84
92 0.24 1.54 0.46
95 0.42 315 1.31
96 0.23 1.70 0.87
97 017 3.05 112
98 0.30 0.92 0.39
100 0.33 1.63 0.62
101 0.19 2.00 0.48
102 0.34 2.94 140
103 0.26 1.56 0.88
104 0.72 311 1.67
105 0.16 2.69 0.80
106 0.53 2.37 0.73
107 1.30 5.96 1.96
108 1.27 3.58 1.65
109 0.46 2.36 0.60
110 0.54 2.00 0.66
111 0.56 3.61 1.39
112 0.28 1.06 0.43

TABLE 5. Three-day mean net northerly wind, salinity and temperature at 37 m.,
and adjusted means of relative efficiency, stations 101-112, Gulf of
Panama station.

TABLA 5. Media de tres dias del viento neto del norte, salinidad y temperatura
a los 37 m., y medias ajustadas de la eficiencia relativa, estaciones
101-112, estacion del Golfo de Panama.

Station 3-day mean net Salinity Temperature
northerly wind at 37 m. at 37 m. Adjusted
(m.p.h.) (°/00) (°C) means RE
Estacion Media de tres dias Salinidad  Temperatura Medias
del viento neto del a los 37 m. a los 37 m. adjustadas
norte (9/00) °C) RE
(m.p.h.)
101 2.59 31.3 26.6 0.60
102 2.80 32.2 25.0 0.90
103 3.90 31.8 26.0 1.2
104 9.66 33.8 19.7 14
105 3.63 32.9 23.8 0.16
106 10.12 344 19.5 1.8
107 9.01 34.6 17.3 1.8
108 8.81 34.6 20.0 1.9
109 4.73 33.8 24.3 11
110 5.68 34.1 23.2 2.2
111 5.84 34.4 20.6 2.2
112 2.711 33.3 26.1 0.48
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TABLE 6. Correlation coefficients for mean net northerly wind calculated from
varying numbers of days immediately preceding the station day corre-
lated with temperature and salinity at 37 m., and adjusted means of
relative efficiency, stations 101-112, Gulf of Panama station.

TABLA 6. Coeficientes de correlacion para la media del viento neto del norte,
calculados segin nimeros variables de dias, que preceden inmediata-
mente a la fecha de la estacion, correlacionados con la temperatura
y la salinidad a los 37 m., y medias ajustadas de la eficiencia relativa,
estaciones 101-112, estacion del Golfo de Panama.

Mean net Temperature Salinity RE
northerly wind at 37 m. at 37 m, Adjusted means
Days preceding

station day T Ta T ra r ra
Media del viento Temperatura Salinidad RE
neto del norte alos 37 m, alos 37 m. Medias ajustadas
Dias que preceden
a la fecha de la T Ta T Ta r ra
estacion
1 -0.84%% 0.68* 0.66%*
2 —0.90%* 0.74%* 0.68* 0.71%
3 -0.93**  -0.96%** 0.76%*  0.80*%* 0.67*
4 -0.93** 0.71%%* 0.58*
5 -0.92%* 0.69* 0.50 n.s.
7 ~-0.87** 0.69* 0.43 n.s.
10 -0.84** 0.72%* 0.39 n.s.
TABLE 7. Comparison of photosynthesis (P) determined by Ryther’s method

using light data (1956) with observed photosynthesis (P...), stations
101-112, Gulf of Panama station.

TABLA 7. Comparacion de la fotosintesis (P) determinada por el método de
Ryther usando los datos de luz (1956) con la fotosintesis observada
(P.»s), estaciones 101-112, estacion del Golfo de Panama.
Sta | R. k Pt P Pous Pnhs/P Pobs/P
ly/day mgC/m3/hr gC/m?/day gC/m?2/day + 25%
101 230 15 024 1.6 0.10 0.19 1.9 24
102 290 17 017 24 0.24 0.34 14 1.8
103 372 19 019 2.2 0.22 0.26 1.2 1.5
104 509 22 034 15.0 0.97 0.72 0.7 0.9
105 515 23 0.19 1.1 0.13 0.16 1.2 1.5
106 463 22 0.26 3.3 0.28 0.53 1.9 24
107 589 24 034 15.0 1.0 1.3 1.3 1.6
108 545 23 017 9.2 1.2 1.3 1.1 1.4
109 621 25 017 4.3 0.63 0.46 0.7 0.9
110 221 14 0.28 6.1 0.30 0.54 1.8 2.2
111 413 20 0.28 3.6 0.26 0.56 2.2 2.8
112 410 20 0.21 2.4 0.23 0.28 1.2 1.5
median 1.2 1.6
mediano
mean 14 1.7
media
Note: Ps..: is here taken to be maximum photosynthesis in the water column (i.e.,

Nota:

at one of the four depths sampled).
P... en este caso se considera como la fotosintesis maxima en la columna de
agua (i.e. a una de las cuatro profundidades muestreadas).



TABLE 8.

TABLA 8. Algunas proporciones de la productividad y clorofila en los trépicos comparadas con las de Ryther y Yentsch,

I

Some productivity-chlorophyll ratios from the tropics compared to that of Ryther and Yentsch, 1957.

0s

Reference - Referencia Region - Region Measurement Latitude n o Chl. a Ratio - Proporciéon
Medida Latitud (ly/day) (mg/ms3) (mgC/mg Chl a/hr)
mean md. range md. 2 x md.
Ryther and Yentsch, 1957 Mainly temperate coastal P - - 435(a) 2.8(b) - 3.7(b)
This paper Gulf of Panama Plax 8°45N 18 440 0.30 3-46 11,
Joseph (unpublished) Off Galapagos Is. Surface at P, 5°N - 5°S 11 450 0.09 323 11. e5)
SIO Ref. 61-18 S.E. Tropical Pacific Surface at P, 5°N -12°00'S 8 370 0.17 5-23 12. o
SIO Ref. 61-18 S.E. Tropical Pacific Surface at P, 12°01'N - 24°S 15 500 0.17 2-26 5.7 %
Holmes, Schaefer & Shimada, 1957 E. Tropical Pacific P ax 12°N - 4°S 7 - 0.32(c) 0.1-10(c) 6.4(c) g
Steemann Nielson, 1959 Tropical Surface at P, - - - - - 9. jos]
Doty, 1961 Tropical Pacific — - - - - - 7.4+ %
Holmes, 1958 N.E. Tropical Pacific Surface at 1000 f.c. 20°N -5°S 15 - 0.27(d) 0.7- 7(d) 2.0(d) 4.0
Holmes, Schaefer & Shimada, 1957 E. Tropical Pacific Surface at 1000 f.c. 12°N -4°S 13 - 0.31(c) 0.1-12(c) 3.4(c) 6.8
Shimada, 1958 Clarion Is. Surface at 1000 f.c. 18°20'N - - 0.11 - 4.2 8.4
SIO Ref. 60-20 Costa Rican Thermal Dome Surface at 1000 f.c. ca. 8°N 13 460 0.08 3-57 13. 26.

(a) from Table 2 - de la Tabla 2

(b) mean value - valor medio

(c) from Table 1 - de la Table 1

(d) from Figures 1 and 2 - de las Figuras 1y 2
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TABLE 9. Correlation coefficients (r) for zooplankton (log[ml/1000m’]) and
chlorophyll « (log [mg/m2]), Gulf of Panama station.

TABLA 9. Coeficientes de correlacion (r) para el zooplancton (log[ml/1000ms])
y clorofila « (log[mg/m2]), estacion del Golfo de Panama.

Season Simultaneous Zooplankton
measurements lagged 2 weeks
Temporada Medidas Zooplancton con
simultaneas atraso de 2 semanas
All data—Todos los datos 0.09 n.s. -0.27 n.s.
All upwelling data -0.40 n.s. -0.27 n.s.
Todos los datos del afloramiento
All rainy season data -0.13 n.s. -0.06 n.s.
Todos los datos de la temporada
lluviosa

Upwelling season 1957 0.54 n.s. 0.25 n.s.
Temporada de afloramiento 1957
Upwelling season 1958 -0.05 n.s. 0.67 n.s.
Temporada de afloramiento 1958
Upwelling season 1959 -0.29 n.s. 0.52 n.s.
Temporada de afloramiento 1959
Rainy season 1957 -0.30 n.s. 0.05 n.s.
Temporada lluviosa 1957
Rainy season 1958 0.00 n.s. 0.26 n.s.

Temporada lluviosa 1958

TABLE 10. Correlation coefficients (r) and regression coefficients (b) for zoo-
plankton (log[ml/1000m3]) and phytoplankton (log[10 ml/m3]), Gulf
of Panama station.

TABLA 10. Coeficientes de correlacion (r) y coeficientes de regresion (b) para el
zooplancton (log[ml/1000 m3]) y fitoplancton (log[10 ml/m3]), esta-
cion del Golfo de Panama.

Season Simultaneous Zooplankton
measurements lagged 2 weeks
r b r
Temporada Medidas Zooplancton con atra-
simultaneas so de 2 semanas
b r b Tr
All data—Todos los datos 0.15 0.32 *x 0.27 0.32 **
All upwelling data 0.14 n.s. 0.34 n.s.
Todos los datos del afloramiento
All rainy season data 0.19 0.35 wE 0.21 0.33 *

Todos los datos de la
temporada lluviosa

Upwelling season 1955 -0.30 n.s. -0.13 n.s.
Temporada de afloramiento 1955

Upwelling season 1957 -0.09 n.s. 0.74 n.s.
Temporada de afloramiento 1957

Upwelling season 1958 0.02 n.s. 0.62 n.s.
Temporada de afloramiento 1958

Upwelling season 1959 : 0.13 n.s. 0.65 n.s.
Temporada de afloramiento 1959

Rainy season 1955 0.23 n.s. 0.44 n.s.
Temporada lluviosa 1955

Rainy season 1956 -0.18 n.s. - -
Temporada lluviosa 1956 )

Rainy season 1957 -0.19 n.s. 0.33 n.s.
Temporada lluviosa

Rainy season 1958 0.26 n.s. 0.01 n.s.

Temporada lluviosa 1958
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TABLE 11. Mean values of meteorological, hydrographic, and biological variables tested for significant differences among years 1955-1959,
with maximum expected differences between sample means and true means dependent upon the number in the sample, Gulf

of Panama station.

TABLA 11. Valores medios de las variables meteorologicas, hidrograficas y biolégicas probados para ver las diferencias significantes entre
los afios 1955-1959, con las diferencias maximas esperadas entre las medias de las muestras y medias reales que dependen del
nadmero en la muestra, estacion del Golfo de Panama.

Mean values of variables in the Gulf of Panama

Maximum expected

Period Row Variables Units n 1955 1956 1957 1958 1959 Test Prob- differences between
ability sample mean and true

mean, P<C0.95
n=§ n=16 n=32
Valores medios de las variables en el Golfo de Panama

; Diferencias maximas
Periodo Linea Variables Unidades n 1955 1956 1957 1958 1959 Prueba Proba- esperada entre la media

bilidad de la muestras y la

media real, P<0.95

n=8 n=16 n=32 m

Jan-April 1 Northerly wind (N) m.p.h. 120 7.3 7.6 8.0 177 8.8 Link-Wallace * QO

En.-abril Viento norte (N) jos]

%an—April 2 Surface temperature at Balboa °F 120 769 766 763 789 7T6.1 gdz

n.-abril

Jan-April 3 Sea level at Balboa ft. 120 0.58 059 0.68 0.82 0.68 =

En.-abril

Jan-April 4 3-day northerly wind (N) m.p.h. 79 1.2 81 82 7.6 7.3 Kruskal-Wallace “H'"" n.s. ;;%

En.-abril Viento norte de tres dias (IN) : s

Jan-April 5 3-day net northerly wind (N-S) m.p.h. 79 1.0 8.0 8.0 7.1 7.1 Kruskal-Wallace ‘“‘H”’ n.s.

En.-abril Viento neto del norte de tres dias (N-S)

Jan-April 6 Temperature at 37 m. °C 79 193 18.0 187 21.3 21.5 Kruskal-Wallace “H" <O.10 2.1 1.5 1.0

En.-abril Temperatura a los 37 m.

Jan-April 7 Salinity at 37 m. °/o0 7-9 34.44 34.56 34.07 34.07 33.71 Kruskal-Wallace "H'' n.s.

En,-abril Salinidad a los 37 m.

Jan-April 8 Density at 37 m, ot 7-9 2444 24.87 2437 23.73 23.31 Kruskal-Wallace “H"’ < 0.10

En.-abril Densidad a los 37 m.

%an—Apr:ill 9 —AP,, ag. at/L 7-9 - 1.78 2.57 1.42 1.18 Kruskal-Wallace ““H"’ ** 0.56 0.40 0.28

n.-abri

%an-Aﬁnjill 10 AO, 4, ml/L 7-9 358 3.70 435 3.04 3.09 Kruskal-Wallace “H’' n.s. 0.94 0.66 0.47

n.-abri

Jan-April 11 Carbon fixation at 10 m. mgC/m?/day,, 6-9 - 26 24 41 32 Kruskal-Wallace “‘H’ n.s. 17 12 8.5

En.-abril Fijaciéon del carbono a los 10 m. °

Jan-April 12 Chlorophyll @ in water column to 25 m. mg/mz2 7-8 - - 21 21 9.3 Kruskal-Wallace ‘'‘H”’ *k 6.1 4.4 3.0

En.-abril Clorofziéa g enlacolumna de agua hasta

los m.
Jan-April 13 Extinction coefficient (k) at station - 79 - - 0.21 0.14 0.16 Kruskal-Wallace ""H"’ * 0.05 0.03 0.02
En.-abril Coeficiente de extincién (k) en la

estacion
Jan-April 14 Zooplankton crop ml/1000 m? 7-9 190 210 45 120 300 Kruskal-Wallace “"H"' ** 140 100 70
En.-abril Cosecha de zooplancton




TABLE 11. (Continued)

Period Row Variables Units 1955 1956 1957 1958 1959
Year 15 Anchoveta Scoops/S.D.F, 4100 5400 5900 6200 5500
Ano “Scoops’’/D.E.P.

Year 16 Skipjack Tons/S.D.F. 3.6 41 1.3 0.3 5.7
Afo Barrilete Tons./D.E.P
April-June 17 Skipjack Tons/S.D.F. 3.1 5.4 1.8 0.4 6.5
Abril-junio Barrilete Tons./D.E.P.
Year 18 Yellowfin Tons/S.D.F 3.3 2.3 4.4 3.2 29
Afo Atan aleta amarilla Tons./D.E.P
Year 19 Yellowfin and skipjack Tons/S.D.F 6.9 6.4 5.7 3.5 8.6
Afo Atin aleta amarilla y barrilete Tons./D.E.P

VINVNVJ A0 JAT10D
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TABLE 12. Mean value (Jan.-April) of northerly wind velocity, sea level, and surface temperature at Balboa, and mean

annual catch/S.D.F. of anchoveta, yellowfin, and skipjack in areas 005-075-14, 15, 19, and 20, Gulf of Panama.

TABLA 12. Valores medios (enero-abril) de la velocidad del viento norte, nivel del mar, y temperatura de la superficie en

Balboa, y captura/D.E.P. media anual de la anchoveta, atiin aleta amarilla y del barrilete, en las areas 005-075-14,
15, 19 y 20, Golfo de Panama.

Mean annual catch/S.D.F.

Mean values at Balboa Gulf of Panama
(Jan.-April) Statistical areas 005-075-14, 15, 19 and 20
Year Northerly Sea Surface Anchoveta Yellowfin Skipjack Combined
wind level temp. yellowfin & skipjack
(m.p.h.) (ft.) (°F) (scoops/S.D.F.) (tons/S.D.F.) (tons/S.D.F.) (tons/S.D.F.)
Valores medios en Balboa Captura/D.E.P. media anual
(enero-abril) Golfo de Panama
Areas estadisticas 005-075-14, 15, 19 y 20
Afio Viento del Nivel Temp. de Anchoveta Atiin aleta Barrilete Atin aleta amarilla y
norte del mar la superficie amarilla barrilete combinados
(m.p.h.) (pies) (°F) (scoops/D.E.P.) (tons./D.E.P.) (tons./D.E.P.) (tons./D.E.P.)
1947 85 0.38 77.0 3600 - - _
1948 8.6 0.55 76.5 4600 - — -
1949 7.8 0.39 75.1 6800 - - -
1950 7.8 0.25 75.9 3600 - - -
1951 6.9 0.50 76.9 5800 6.4 3.5 9.9
1952 8.2 0.31 75.8 6200 4.2 14 5.6
1953 8.1 0.68 77.3 4200 1.7 0.6 2.3
1954 7.6 0.41 77.3 5300 3.0 1.7 4.7
1955 7.3 0.58 76.9 4100 3.3 3.6 6.9
1956 7.6 0.59 76.6 5400 2.3 4.1 6.4
1957 8.0 0.68 76.3 5900 4.4 1.3 5.7
1958 7 0.82 78.9 6200 3.2 0.3 3.5
1959 8.8 0.68 76.1 5500 2.9 5.7 8.6
1960 6.0 0.67 77.6 6400 3.8 5.8 9.6
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de cuatro dias; los coeficientes maximos fueron para los periodos de dos
y de tres dias (r = 0.68%; r = 0.67%). Aunque dentro de cada grupo de
relaciones (viento-temperatura, viento-salinidad, y viento-RE) los coe-
ficientes de correlacion de las poblaciones (p) no son significativamente
diferentes, la apariencia de suavizamiento de cada una de las tres curvas
y el hecho de que las tres tengan su mayor amplitud aproximadamente
a los tres dias de los vientos, sugiere que este periodo es el mejor para
predecir el grado del afloramiento y de la productividad por medio de la
velocidad del viento, y que se pierde poco tiempo entre la disponibilidad
de las sales nutritivas y la reaccion determinable del fitoplancton que se
puede medir. Una reaccién tan rapida como ésta fué encontrada también
por Rodhe (1958) con relacion al plancton del Lago Erken: . . . la pro-
duccién primaria dentro de las 24 horas después de la adicién podria ser
aumentada hasta 80% por medio del agua hypolimnica . . .”.

Con el propésito de probar estas relaciones, que estan basadas en los
datos de 12 estaciones solamente, se hizo la prueba con el empleo de datos
mas numerosos; se encontré que la temperatura a los 37 m. en 110
estaciones, estaba correlacionada con el promedio neto del viento norte en
tres dias (r = —0.68*%*) lo que indica que el 46 por ciento (r?) de la
variacion puede deberse al viento; el logaritmo de la fijacién de carbono a
los 10 m. en 81 estaciones estuvo significativamente correlacionado con la
temperatura a los 37 m. (r = —0.37**) lo que indica que el 14 por ciento
de la variacion fué causada por cambios hidrograficos, y también significa-
tivamente relacionado con el viento (r = 0.46**) de modo que el 21 por
ciento de la variacién fué debida al viento.

Variables n r T2
Temperatura a los 37 m. y promedio del
viento del norte neto en tres dias 110 —0.68%% 46 %
Logaritmo de la fijacion del carbono a
los 10 m. y temperatura a los 37 m. 81 —0.37%* 14%

Logaritmo de la fijacién del carbono
a los 10 m. y promedio del viento del
norte neto en tres dias 82 0.46%* 21%

Proporcion fotosintesis-clorofila

A menudo es de interés aplicar las férmulas derivadas bajo una serie
de condiciones dadas a condiciones analogas bajo una diferente serie de
condiciones, a fin de probar la universalidad de una relacién establecida.
De aqui que se aplico el método de Ryther (1956) para determinar la
fotosintesis absoluta por la radiacién, la transparencia, y la fotosintesis a
la saturacién de la luz, para los datos correspondientes a estas ultimas 12
estaciones del Golfo de Panama. Ryther define la relacion como sigue:
“Un valor absoluto de la fotosintesis total (P), en mg. de carbono asimilado
por dia debajo de un metro cuadrado de la superficie del mar, puede ser
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obtenido ahora para una poblacion distribuida en forma homogénea por
medio de la expresion siguiente:
R

P;‘_l{ix Psat

fotosintesis relativa total dentro de la zona eufética para el
valor apropiado correspondiente a la radiacién diaria de la
superficie (S) de la Figura 6

= coeficiente de extincién por metro, segtin la medida

total medido o fotosintesis “bruta”, a la saturacion de la luz
de una muestra de la poblacién, expresado en mg. de
carbono/m?/hora”.

ll

en donde R,

-
|

Psat

Il

La comparacion de los valores observados con los calculados segin la
expresién anterior (Tabla 7) demuestra que la proporcion de la fotosintesis
observada con la fotosintesis calculada varié de 0.7 a 2.2, siendo la mediana
de 1.2. Sin embargo, la expresion requiere valores para la fotosintesis
bruta mientras que los valores que se dan aqui representan la fotosintesis
neta. Mas aun, las determinaciones fueron hechas solamente hasta una
profundidad de 15 m., mientras que la profundidad de la zona eufética
tenia un promedio de 23 metros. Si arbitrariamente se asume que la
respiracion requiere el 10 por ciento de la produccién bruta y, ademas que
el 10 por ciento de la fotosintesis total en la columna de agua, ocurrié
entre las profundidades de 15 y 23 m. (profundidad de compensacién), en
donde no se midi6, entonces las mediciones observadas deberian aumentarse
aproximadamente un 25 por ciento. Las proporciones calculadas con base
en esos valores corregidos, varian de 0.9 a 2.8, siendo la mediana de 1.6.
Entonces la expresiéon de Ryther parece ser adecuada para los datos del
Golfo de Panama, porque el 60 por ciento de diferencia entre los valores
observados corregidos y los calculados para la fotosintesis no se considera
significante.

De modo similar, la expresién de Ryther y Yentsch (1957) para la
estimacién de la producciéon por medio de la radiacién, la transparencia
y la clorofila, fué aplicada a los mismos datos. Su ecuacion es:

P=2xcxa37
en donde P = g Carbono/m?/dia,
= R, en la expresion de Ryther
k = coeficiente de extinciéon
¢ = g clorofila/m?
3.7 = proporcion fotosintesis-clorofila (g Carbono/g clorofila/
hora)

En este caso, la proporcion de la fotosintesis observada corregida, con
relaciéon a la fotosintesis calculada, tenia una mediana de 5.6, y varié de
1.9 a 12. Esto sugiere que la expresion no es correcta para este tipo de
ambiente. La comparacion de los valores calculados con base en las dos



76 FORSBERGH

ecuaciones anteriores demuestra que la de Ryther obtiene valores de 1.2
a 14 veces mas altos, siendo la mediana de 3.2 veces mayor que los derivados
de la ecuacién de Ryther y Yentsch. La proporcién fotosintesis-clorofila
de 3.7 debe ser 3.2 veces mas grande, 6 12, para que las ecuaciones sean
consistentes.

El céalculo de la proporcion fotosintesis-clorofila, por medio de la pro-
ductividad real y de las mediciones de la clorofila en 18 estaciones (87-109)
en el Golfo de Panama, de donde tuvieron datos para todas las cuatro
profundidades, y de donde se obtuvo el valor maximo (P,..) para re-
presentar la fotosintesis a la saturacion de la luz (P...), dié como resultado
una proporcién mediana de 11.

En la Tabla 8 se dan algunas proporciones de la fotosintesis-clorofila
en las aguas tropicales, las cuales han sido tomadas de otras publicaciones.,
James Joseph (comunicacion personal), al examinar los datos de la Ex-
pedicion “Swansong’” de las Islas Galapagos en 1961, encontroé una tasa
media de 11 para el plancton de superficie a la intensidad de luz en que
ocurri6 la productividad maxima. Los datos recolectados en la expedicion
STEP-I de la Corriente del Pertl y el Pacifico tropical sureste (SIO Ref.
61-18) fueron divididos arbitrariamente en dos regiones debido a la
posibilidad de un efecto latitudinal sobre la proporcién: la tasa media fué
12 del 5°N al 12°00’S; del 12°01’S, al 24°S fué de 5.7. La proporcion
calculada para los valores de la productividad maxima en la columna de
agua en el Pacifico Oriental Tropical, tuvo un valor medio de 6.4 (segin
Holmes, Schaefer y Shimada, 1957).

Doty (1961), analizando cinco relaciones bien correlacionadas ob-
tenidas en 16 cruceros en el Pacifico tropical, manifesté: “De los casos de
correlacion intima entre la productividad y la clorofila-¢, es interesante
notar que solamente en un caso hubo una proporcién de clorofila-« con
relacion a la productividad, tan baja como el doble de ‘3.7 mg. de carbono
por mg. de clorofila-z por hora’, proporcion usada tan frecuentemente por
quienes emplean el método de pigmento para medir la productividad”.

Steeman Nielsen (1959) demostr6é que para el plancton tropical de
superficie, a la saturacién de la luz, la proporciéon fué de 9. La diferencia
entre la proporcion de Ryther y Yentsch (derivada de las mediciones hechas
en la zona templada) y las proporciones de los trépicos, fué aparentemente
explicada por Steeman Nielsen, al decir: ‘“Si medida por unidad de clorofila,
la tasa de la fotosintesis a la saturaciéon de la luz, en el fitoplancton,
aumenta conforme se hace mayor la intensidad de la luz . . .”. El grafico
de Nielsen muestra la relacién. Odum, McConnell y Abbott (1959) han
revisado el trabajo de varios autores quienes encontraron que el contenido
de clorofila disminuye a medida que la luz aumenta. Ellos han sugerido
que ésta es una adaptacion para la absorcién de la energia éptima y han
descrito un modelo que ilustra el mecanismo postulado. Sin embargo, el
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examen de la radiacion incidente en cuestién (I,, Tabla 8) no indica que
la luz fué un factor de mayor importancia para afectar la proporcion, ya
que hubo poca diferencia entre los valores de luz a los que Ryther y
Yentsch aplicaron su férmula y aquellos obtenidos durante estos experi-
mentos en los tropicos. Las concentraciones medias de clorofila «, en estas
regiones tropicales, fueron un décimo o menos de los valores medios dados
en la Tabla 2 de Ryther y Yentsch (0.08-0.32 mg/m? comparados con 2.8
mg/m?), sugiriendo que la proporcién esta en relacién inversa a la con-
centracién de clorofila. Ichimura (1958) sin embargo, encontré exacta-
mente lo contrario: una alta proporcién en lagos eutréficos y una baja
proporcién en lagos oligotroficos.

Todas las proporciones de los tropicos a las que se ha hecho referencia
anteriormente, (derivadas de P, o de P,,,; véase Tabla 5) tienen un valor
medio de 9. Usando las proporciones, los valores de la productividad del
fitoplancton de la superficie, incubado a 1000 bujias de luz (Piuw r.e),
resultaron mas bajos, exceptuando las correspondientes a los datos del
Domo Termal de Costa Rica. De acuerdo con Ryther (1956, Figura 2)
la curva media de la fotosintesis para el fitoplancton marino demuestra
que la saturacién de la luz es de unas 2000 bujias. Al multiplicar estas
proporciones por dos, como correccion para convertir Py r.. @ Pu, se
obtienen proporciones de 4.0, 6.8, 8.4 y 26 (para referencias véase Tabla
8). Sumando estas proporciones corregidas al primer grupo de propor-
ciones determinadas a P,,, 0 a P,.., se obtiene una proporcién media de 8.4.

De estos datos, deberia esperarse que la proporcién fotosintesis-
clorofila en los trépicos, fuese por lo menos el doble de 3.7 de Ryther y
Yentsch, derivado de los datos de la zona templada; pero las razones no
son claras. Tal vez la proporcién estda relacionada con la temperatura
del agua: conforme la temperatura aumenta, disminuye la viscocidad del
agua y, consecuentemente aumenta la tasa de descenso del fitoplancter;
si la proporcion superficie-volumen del fitoplancton tropical es mayor para
reducir la tasa de descenso, y suponiendo que el area superficie a través
de la cual pueden ocurrir cambios quimicos es también mayor, la tasa de
productividad y por eso la proporcion de la fotosintesis, puede ser mas alta.

Relaciones fitoplancton-zooplancton

Al buscar las relaciones entre las medidas de la cosecha estable del
fitoplancton y del zooplancton, deben considerarse las fuentes de error,
las suposiciones y simplificaciones hechas. En las mediciones efectuadas
con redes, los errores son grandes, en parte por la dificultad de medir la
cantidad de agua filtrada por la red. Tanto el fitoplancton como el zoo-
plancton, siguen usualmente distribuciones gregarias o contaminadas, en
consecuencia el muestreo debe cubrir una distancia suficiente en los planos
horizontal y vertical para reducir al minimo los efectos de la distribucién
contagiosa.
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El método de arrastres oblicuos estindar para la obtencién de Z00-
plancton, se acerca a lo que puede ser un buen método de muestreo, porque
incluye los componentes tanto horizontales como verticales de la dis-
tribucion; pero solo puede esperarse de ese método que reduzca y no que
elimine tales efectos. El muestreo de fitoplancton en la columna de agua
por medio de concentraciones de clorofila « y de arrastres verticales con
red, solamente elimina los efectos del componente vertical de la variacion,
dejando los valores sujetos al componente horizontal de la variacion.

No es clara la relacion de la cosecha de zooplancton a la concentracion
de clorofila «, 6 a los volimenes de fitoplancton recogidos en los arrastres
con redes. La clorofila 2 es una medida de todo el fitoplancton presente
(asumiendo que sélo se mide la clorofila de los organismos vivos), pero
los herbivoros pueden consumir solamente ciertos tipos o tamafios de
organismos que constituyen una proporcion variante del total del fito-
plancton. Reciprocamente el nanoplancton, al pasar a través de una red,
puede contribuir como una parte importante al alimento de los herbivoros,
que probablemente no mantienen constante relacion con el fitoplancton
retenido por la red.

Para simplificar el intento de encontrar relaciones funcionales, se
supone generalmente que el zooplancton estd compuesto solamente de
herbivoros, atin cuando estd compuesto tanto de herbivoros y de carnivoros
que representan por lo menos dos niveles troficos. Considerando estos dos
niveles como uno solo que depende directamente del fitoplancton, se
introduce un error adicional, ya que el crecimiento de los carnivoros esta
necesariamente atrasado con respecto al crecimiento de los herbivoros.
En vista de estos métodos y de las simplificaciones en demasia, no es
sorprendente que pocos investigadores hayan encontrado relaciones sig-
nificativas en el océano entre los niveles tréficos primario y secundario
de la cosecha estable.

La relacion del zooplancton y la clorofila « fué investigada de los datos
recolectados en 54 estaciones, del 15 de diciembre 1957 al 3 de junio de
1959. Fueron usados volimenes de zooplancton obtenidos por medio de
arrastres oblicuos, no se usaron los datos de los arrastres de superficie.
Para normalizar las distribuciones fueron empleadas transformaciones
logaritmicas: el logaritmo de la concentracién de clorofila « en la columna
de agua hasta una profundidad de 25 m. (log[mg/m?2]) se tomé como la
variable independiente; el logaritmo de la cosecha de zooplancton (log
[ml/1000m?3]) se tomé como la variable dependiente.

En un intento de encontrar relaciones, se usaron dos métodos; en el
primero, ambas variables resultaron de mediciones simultianeas, en el
segundo, la variable dependiente fué computada por las mediciones hechas
después de las correspondientes a la variable independiente. Con respecto
al primer método, Bainbridge (1953) manifest6 que “. . . ha sido demos-
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trado que generalmente pero no siempre, hay una relacién inversa entre
las cantidades de zooplancton y fitoplancton tomadas en cualquier area
limitada . . .” y sus experimentos apoyan la proposicién de Harvey (1934)
y la de Harvey, Cooper, Lebour y Russell (1935) de que ésto fué causado
por el pastoreo del zooplancton. Bainbridge propuso que “. . . esto puede
deberse a una combinaciéon de migracién y pastoreo.” Con respecto al
ultimo de los métodos, puede esperarse una relacién directa si hay un
periodo de tiempo suficiente que permita a la poblacién de zooplancton
reaccionar a los cambios en el fitoplancton, previendo que la migracién
no ocurra. Steeman Nielsen (1937) manifest6: “La esencia de mi opinién
con respecto a la causa de la relacion inversa entre las cantidades de zoo-
plancton y fitoplancton, es que atn cuando hay alguna conexion entre las
cantidades de zooplancton y fitoplancton, como el primero depende para
su alimentacién de una buena producciéon del segundo, el lento desarrollo
de la poblacién de zooplancton tiene que demorar la aparicién de su maximo
en comparacion con el tiempo del maximo en el fitoplancton”. Convenien-
temente fué empleado un periodo de dos semanas de demora, porque las
estaciones fueron hechas bisemanales. Este tiempo puede ser suficiente
a los herbivoros para responder en biomasa al aumento del fitoplancton.
Marshall y Orr (1955), en su estudio del copépodo Calanus, examinaron
los resultados de los experimentos hechos por Nicholls: la tasa de desove
aumenté en animales hambrientos, tan pronto como recibieron alimento,
a 14°-15°C, un minimo de 30 dias fué necesario para el desarrollo del huevo
hasta el adulto “. . . y mas o menos el mismo tiempo para la maduracion
de los productos genitales; una vida en total de 60-70 dias . ..”. Asumiendo
que Q,, = 2 para el zooplancton, la tasa de crecimiento en el Golfo de
Panama4 debe ser el doble, ya que el promedio de la temperatura es de unos
10°C mayor que la observada en estos experimentos. Asi, sobre estas
bases puede estimarse un minimo de 15 dias para que una nueva generacion
de herbivoros adultos se agregue a la cosecha estable del Golfo de Panama
en réplica al aumento de fitoplancton. Si el aumento de biomasa es
suficiente, es de esperarse una relacién directa.

Los resultados de ambos métodos se dan en la Tabla 9.

Los coeficientes de correlacién de la muestra (r) correspondientes a
todos los datos disponibles analizados como una muestra, no son sig-
nificativos. Como el cambio estacional en las proporciones de los diferentes
tipos de fitoplancton (Smayda, 1959) pueden haber afectado las relaciones,
los coeficientes de correlaciéon fueron calculados separadamente para las
dos estaciones, pero ninguno es significativo. A fin de evitar una posible
variacion entre los afos, los coeficientes de correlacién fueron calculados
separadamente para cada estacién en cada afio. Ninguno es significativo.
Los coeficientes para mediciones simultaneas no demuestran una tendencia
clara hacia ninguna de las relaciones, ya sea directa 6 inversa. Las de-
terminaciones retardadas muestran una tendencia hacia la esperada relaciéon
directa, si se examinan los coeficientes para las estaciones separadas. El
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coeficiente de correlacién negativa correspondiente a todas las temporadas
de afloramiento, analizado como una muestra, fué causado por diferencias
en los anos. El andlisis de covariancia indica que las gradientes de los
valores retardados correspondiente a las tres temporadas de afloramiento,
no son todas iguales, aunque todas son positivas. Sin embargo, las
gradientes que corresponden a las estaciones de 1958 y 1959, fueron
similares (b = 0.63; b = 0.67) y sus coeficientes de correlacion son bastante
altos (r = 0.67; r = 0.52). A pesar de estas pocas tendencias aparentes,
no se encontrd una relacion estadisticamente significativa entre la clorofila
a 'y el zooplancton.

Braarud (1958) establece que “. . . el empleo de redes no debe ser
usado para los estudios cuantitativos del fitoplancton”. Pero los arrastres
con redes podrian ser una medida recursiva para determinar la relativa
concentracion de fitoplancton en el Golfo, si la mayoria de las diatomeas
son suficientemente grandes como para ser retenidas por la red, ya que
segliin Smayda (1959) las diatomeas son alli la forma prevaleciente. Aun
mas, si la mayoria de los herbivoros pueden utilizar solamente las formas
mas grandes del fitoplancton y no pueden alimentarse con el nanoplancton
(tal vez por la incapacidad de filtrar del agua estos organismos tan
pequefios), entonces el fitoplancton neto seria una medida mejor del
alimento disponible que la clorofila «, la cual mide el total del fitoplancton.
Harvey (1937) encontré que Calanus filtraba el fitoplancton de mayor
tamafo, mas eficientemente que el fitoplancton pequefio. Los datos en
consecuencia, fueron probados nuevamente para determinar su correlacion
con el fitoplancton obtenido en arrastres con red, reemplazando entonces
la clorofila « como una medida de la cosecha estable. Los coeficientes de
correlacion fueron calculados para el logaritmo del zooplancton y el
logaritmo de diez veces el volumen del fitoplancton (para evitar logaritmos
negativos): (log[10ml/m?]). Los datos transformados fueron normalmente
distribuidos. Los resultados se dan en la Tabla 10.

Los coeficientes de correlacién son significativos e inesperadamente
son positivos en mediciones simultaneas para todos los datos analizados
como una sola muestra (r = 0.32%*) y para todas las estaciones lluviosas,
también analizadas como una sola muestra (r = 0.35*%*). Los coeficientes
de correlacién son significativos y positivos, como se esperaba para las
mismas agrupaciones de datos, cuando fué empleada una demora de dos
semanas (r = 0.32**; 0.33*). Las gradientes fueron calculadas por el
método de Bartlett (1949) debido al error a la cual la variable independiente
estaba sujeta. La temporada de afloramiento de 1956 no fué analizada
por insuficiencia de datos. Exceptuando 1957, los coeficientes de corre-
lacion correspondientes a las relaciones demoradas tienden a ser mayores
en la temporada de afloramiento (r = 0.74, 0.62, 0.65) a pesar de que
ninguno es significativo por los bajos valores de n. El anlisis de la
covariancia de los datos de afloramiento indica que las gradientes son



GOLFO DE PANAMA 31

diferentes, lo que explica en parte la no significacién del coeficiente de
correlacién correspondiente a todos los datos del afloramiento analizados
como una sola muestra. KExcepto por la estacion lluviosa de 1958, todos
los coeficientes de correlacion para la relacion de los valores retardados,
son algebraicamente mayores que para los valores simultdneos durante
cada una de las estaciones, lo que sugiere que los datos retardados tienden
a producir relaciones que son mejores y mas directamente correlacionadas.

Para eliminar un poco la variaciéon de los datos, a fin de ver si podrian
ser identificadas algunas tendencias, fué calculada la media mévil de los
grupos de cinco estaciones consecutivas, de los logaritmos de las con-
centraciones de zooplancton y de clorofila «. Estas medias fueron graficadas
tal como aparecen en la Figura 15. Los puntos estan conectados y las
flechas indican la secuencia. El grafico muestra una fuerte tendencia a
las gradientes positivas que ocurren durante las temporadas de aflora-
miento, v a las gradientes negativas que ocurren durante la estacion
lluviosa. Los puntos, en el grafico en que la alineaciéon de puntos parece
cambiar, han sido sefialados. Las tendencias hacia las gradientes positivas
0 negativas han sido sumarizadas en la Tabla siguiente (en la que los meses
mencionados son los meses centrales en el periodo del cual las medias
fueron calculadas):

Estacion Signo de la

Periodo aproximada gradiente
enero-marzo 1957 Afloramiento +
marzo-noviembre 1957 Lluvias —
noviembre 1957-marzo 1958 Afloramiento -+
mayo-septiembre 1958 Lluvias —
septiembre 1958-enero 1959 Final de las lluvias ?
enero-abril 1959 Afloramiento +
abril-mayo 1959 Principio de las lluvias —

Excepto en el periodo de septiembre de 1958 a enero de 1959, en el
que aparentemente no existe una relacion, los signos de las gradientes son
estables para cada estacion.

Riley y Bumpus (1946) encontraron que en el Banco Georges (frente
a Cape Cod, Massachusetts) “. . . la tendencia estacional en la relacion
fitoplancton-zooplancton es directa a principios de la primavera e inversa
mas tarde”. Las correlaciones positivas ocurren en febrero, marzo y abril,
la época de la mezcla y de la fertilizacién, y las correlaciones negativas
ocurren durante el resto del afio. Asi, las relaciones en el Golfo de Panama,
por lo menos como han sido ilustradas por esta figura, tienden a ser las
mismas encontradas por Riley y Bumpus, o sea directas cuando la pro-
duccién vegetal es alta e inversas cuando ésa produccion es baja.

Para el zooplancton y el fitoplancton neto fué disehada una figura
similar, ain cuando las tendencias no fueron tan claras y la dispersion fué
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mayor, la figura mostré las gradientes en forma inversa a las encontradas
anteriormente, a saber: fueron negativas durante la temporada de aflora-
miento y positivas durante la estacién luviosa.

Intentos sobre la prediccion de la productividad biolégica anual

Se hizo el intento de establecer una base para predecir la productividad
biolégica anual con los datos sobre el viento y la hidrografia. Muchas de
las variables durante la temporada de afloramiento, que aparecen en la
Tabla 11, fueron analizadas para ver si existian diferencias significativas
entre los afios, el significado de las diferencias, fué considerado al nivel
de un 10 por ciento por la pequefiez de las muestras. La media del nivel
del mar (n = 120), y la media de la temperatura de superficie (n = 120)
en Balboa, no fué probada porque se consideré significativamente diferente
entre los aiios, debido a la pequefla variacién y al n grande. Hubo
diferencias significativas entre los anos, para las siguientes variables: 1la
media del viento del norte en todos los dias (n = 120); temperatura y
densidad a 37 m., disminucién del fosfato del fondo a la superficie de la
columna de agua (— APs;..,); clorofila « en la columna de agua; coeficiente
de extincion (k), y volumen de zooplancton. La abundancia de la anchoveta
(seglin Alverson y Shimada, 1957, y seg(in una comunicacién personal de
F. G. Alverson), la abundancia del barrilete (Katsuwonus pelamis) y del atiin
aleta amarilla (Neothunnus macropterus), (segin los registros de la Comision
del Atan), fueron todos considerados significativamente diferentes entre
los afios, debido a la extensién de los datos (que se han dado como captura
por cada dia estandar de esfuerzo de pesca, Captura/D. E. P.; para de-
rivaciones véase Shimada y Schaefer, 1956).

Las variables restantes no muestran diferencias significativas entre
los afos, y en consecuencia, no podrian ser usadas para establecer correla-
ciones: viento del norte de tres dias (N), y viento del norte neto de
tres dias (N-S); salinidad a 37 m.; aumento en el oxigeno del fondo a la
superficie de la columna de agua (AO...,); ¥ fijacién del carbono a 10
metros.

Las medias de la temperatura a 37 m. y — AP, para cuatro anos
no fueron correlacionadas significativamente, pero los coeficientes fueron
altos (ry = —0.82; r = —0.74). Los nimeros alineados se han tomado
de la Tabla 11.

Rangos de las variables (rq = —0.82)
Linea Variable 1956 1957 1958 1959
6 Temperatura a 37 m. 4 3 2 1
9 - APg’z.o 3 4 2 1

La temperatura a 37 m., — APs., la clorofila « y la extincion por tres afios
no fueron correlacionadas significativamente, pero el coeficiente fué bas-
tante alto (W = 0.67; 0.10 < P < 0.20).
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Rangos de las variables (W = 0.67;0.10 < P < 0.20)

Linea Variable 1957 1958 1959
6 Temperatura a 37 m. 3 2 1
9 — AP : 3 2 1
12 Clorofila « 2.5 25 1
13 Coeficiente de extincién 3 1 2

Excluyendo de la prueba el coeficiente de extincién, debido a los posibles
efectos de los residuos no relacionados con la productividad, mejora el
coeficiente de correlacion pero se reduce el significado (W = 0.86; P <
0.20).

Una serie de mediciones diarias tiene que describir en forma méas
precisa, las condiciones estacionales en el Golfo, que las mediciones bise-
manales, asi que la magnitud relativa de las variables en los diferentes afios
tal vez sea diferente cuando estd basada en datos diarios. Los datos
bisemanales sugieren que aunque ninguna de las pruebas fué significativa,
1959 fué un aho de vientos débiles y de efectos menores; pero los vientos
medios del norte en todos los dias de la temporada de afloramiento (n =
120) fueron mayores en 1959 que en 1955, 1956 y 1958 (por el método
abreviado del analisis de la variancia de Link-Wallace: P < 0.05), y aunque
la media del nivel del mar (n = 120) fué moderada en 1959, la media de la
temperatura de superficie (n = 120) fué mas baja ese ano. Asi 1959 fué
probablemente el ano de mayor y no de menor afloramiento y produc-
tividad. La produccion primaria reacciona aqui tan rapidamente a los
cambios del viento, que la media de las mediciones bisemanales puede no
representar el promedio de la produccién diaria (véase pagina 84 para
un examen mas amplio de este asunto). EI zooplancton reacciona a los
cambios del fitoplancton mas lentamente que éste Ultimo a los cambios
de las sales nutritivas, asi que el zooplancton podria ser un mejor indice
de la produccion estacional que otras medidas bisemanales. El afio de
1959 tiene en realidad, un valor medio maximo para el zooplancton en la
temporada de afloramiento, que es un 50 por ciento mayor que el del afio
que se le aproxima en el menor valor, pero no hay correlacién de los datos
de la media de los rangos del viento diario, la temperatura de superficie
y el zooplancton.

Otros intentos han fallado para correlacionar niveles tréficos mas
altos, tales como la anchoveta, el atin aleta amarilla y el barrilete, con el
viento, la hidrografia y niveles tréficos mas bajos, excepto en el caso del
barrilete con el zooplancton. La captura del barrilete en toneladas por dia
estandar de esfuerzo de pesca en el Golfo (areas estadisticas: 005-075-14,
-15, -19, -20; véase Schaefer, 1953) durante todo el aho estuvo significativa-
mente correlacionada con el volumen medio de zooplancton durante la
temporada de afloramiento (r; = 0.90 P < 0.10; r = 0.91*%). Los datos
sobre el barrilete fueron divididos trimestralmente por afio, pero solamente
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en el segundo trimestre (abril-junio) hubo datos suficientes como para
derivar indices de confianza para todos los cinco afos; nuevamente fué
alta la correlacion, aunque r no fué muy significativa al nivel del 5 por
ciento (r, = 0.90 P <« 0.10; r = 0.86 n.s.). Las relaciones se muestran en
la Figura 16.

Las indicaciones de la fuerza del afloramiento, y los resultados de los
efectos biolégicos de los diferentes tipos de datos, para el afio de 1959, se
han sumarizado como sigue:

1959: aino débil 1959: ano fuerte
Variables a corto plazo Viento medio del norte diario
Temperatura a 37 m. Media de la temperatura de superficie diaria
—APary Variables a largo plazo

Clorofila 2 por m?
Volumen de zooplancton
Abundancia del barrilete

Las variables que tienden a reaccionar rapidamente a los cambios del
viento, (variables a corto plazo) indican que 1959 fué el ano de efectos méas
débiles, pero el viento del norte y la media de la temperatura de superficie,
segln los datos diarios, y las variables que responden lentamente a los
cambios del viento (variables a largo plazo), indican que 1959 fué el aio
de viento mas fuerte y de mayores efectos. A pesar de que el volumen
de zooplancton es intrinsicamente una medida imperfecta de la produccién
biologica, tal vez sea mejor reflejando los efectos del afloramiento pro-
medio que las otras mediciones bisemanales, debido a su reacciéon maés
lenta al afloramiento. Los valores medios del viento del norte, segiin los
datos diarios, son de confianza por estar basados en datos continuos. La
abundancia del barrilete en el Golfo, que es también digna de confianza
debido a la abundancia de datos, fué también la mayor en ese afio, lo que
sugiere que los peces, en sus movimientos errantes, se acumularon en el
area a causa de la abundancia del alimento (comunicacién personal de F.
G. Alverson).

Estas diferencias aparentes indican que las muestras fueron poco
frecuentes, para obtener la media representativa de las condiciones promedio
en la actualidad. Rodhe (1958), en su estudio del Lago Erken, que es
similar al Golfo de Panama durante la temporada de afloramiento, en
cuanto a su productividad controlada en gran parte por la fuerza del viento,
dice: “La conclusion que puede sacarse de este ejemplo es que una fre-
cuencia en el muestreo, tan alta como una vez a la semana, no necesita
justificar un cuadro verdadero de la sucesién temporal”, y también que
“, .. la extension de posibles variaciones diarias debe ser investigada antes
de conceder la significacion de los datos menos frecuentes”. Si se decide
que la media muestral, para el viento durante la temporada de afloramiento,
es representativa cuando estd entre una m.p.h. de la media verdadera en
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19 de 20 casos, entonces deben ser muestreados 18 dias. (En este caso son
conocidos tanto la desviacién estandar o como la media de la poblacién ).
En realidad, por lo menos 21 dias fueron muestreados durante cada estacion,
ya que por lo menos siete medias de tres dias fueron usados. Sin embargo
en 1959, la diferencia (X — p = 7.3-8.8) fué mayor que una m.p.h.; de modo
que la media muestral no es representativa de la media verdadera (lo que
puede ocurrir en uno de veinte casos).

En cuanto a las variables restantes, solamente fueron muestreados
unos ocho de 120 dias. Las desviaciones estandar de la poblacion (o)
fueron estimadas por las desviaciones estandar (s) de los datos bisemanales
para todos los afos durante la temporada de afloramiento. Las diferencias
maximas esperadas entre la media muestral y la media verdadera, en 19 de
20 casos, fueron calculadas y se encontré que eran grandes; las diferencias
esperadas fueron calculadas también de las muestras de 16 y 32 (véase
Tabla 6). En orden de reducir a la mitad las diferencias maximas
esperadas, la frecuencia del muestreo debe ser cuatro veces mayor; en este
caso, 32 mediciones durante la temporada de afloramiento, o dos veces por
semana. Esto puede ser dificil de hacerse por razones practicas, pero a
juzgar por estos datos, debe ser aumentado el muestreo futuro aqui o en
una region similar, para obtener medidas representativas de las variables
hidrograficas y biolégicas que puedan ser comparadas entre un afio y otro.
El tamano de la muestra requerida depende directamente de la variancia
(¢4?), asi que en regiones o estaciones con menos variacion, se necesitan
muestras mas pequefias para obtener los mismos resultados. Se necesita
tener una estimacién de la variancia para determinar la frecuencia de
muestreo requerido, pero ésta es desconocida en una regién nueva, por lo
que las estimaciones deben tomarse de las regiones conocidas. Los
resultados que se han dado pueden ser de utilidad para aquellos programas
de muestreo que se establezcan en donde las condiciones sean similares.

Se hicieron otros intentos para encontrar relaciones entre los indices
anuales de la abundancia de los peces (anchoveta, barrilete y atin aleta
amarilla) y de los datos tomados por la Compaiia del Canal de Panama
(vientos medios del norte, temperatura de superficie y nivel del mar en
Balboa durante el periodo enero-abril). Se pensé que estos datos mas
extensos podrian revelar alguna correlacién (véase Tabla 2). A pesar de
haber obtenido mayores muestras que en los analisis anteriores, no se
encontraron correlaciones significativas entre la abundancia de los peces
v los vientos del norte, la temperatura de superficie o el nivel del mar.
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Mean monthly wind velocities at Balboa for northerly and southerly quadrants.

Media mensual de las velocidades del viento en Balboa para los cuadrantes
nortefios y surefios.

m. p. h.

1954 1955 1956 1957 1958 1959

N S N S N S N S N S N S
Jan. 6.0 0.2 6.6 0.2 78 0.0 70 04 92 01
Feb. 78 0.2 76 0.1 9.5 03 85 0.2 9.7 0.1
Mar. 87 01 92 01 6.5 0.7 75 03 9.9 0.0
Apr. 6.8 09 71 05 80 03 77 06 72 01
May 52 06 42 09 45 18 25 17 48 03
June 22 20 31 13 3.7 08 1.8 1.7 22 11
July 26 14 4.7 04 44 04 42 0.6 49 0.3
Aug. 26 13 41 04 52 03 40 05 41 0.7
Sept. 1.2 34 28 13 34 08 27 1.0 42 05
Oct. 0.9 49 1.8 3.0 23 12 19 14 14 23
Nov. 26 07 27 1.0 40 0.7 38 0.3 34 04 35 05
Dec. 5.3 0.2 39 04 44 01 64 0.1 49 0.1

Mean monthly sea level (SL) and mean monthly sea surface temperature
(T) at Balboa
(ft. and °F)

Media mensual del nivel del mar (SL) y media mensual de la temperatura
de la superficie del mar (T) en Balboa

(pies y °F)
1954 1955 1956 1957 1958 1959
SL T SL T SL T SL T SL T SL T
Jan. 0.72 79.0 049 75.8 0.72 79.0 116 794 099 794
Feb. 0.66 78.6 0.72 79.7 057 73.7 0.82 779 0.57 175.0
Mar. 0.27 729 040 7T4.6 0.63 75.3 0.68 79.0 045 73.2
Apr. 064 773 0.75 76.3 080 771 0.62 79.5 0.70 76.8
May 0.90 81.3 112 821 129 814 114 832 0.82 804
June 1.06 82.7 1.27 824 144 845 1.20 83.6 113 82.7
July 1.03 825 111 815 1.36 84.6 1.31 83.2 0.98 82.0
Aug. 1.13 818 1.03 819 1.21 832 1.16 819 1.09 81.7
Sept. 1.23 822 115 83.1 1.27 83.7 1.25 82.8 112 81.2
Oct. 137 814 124 820 1.39 83.2 134 824 139 814

Nov. 1.21 808 114 804 1.03 804 165 822 128 813 131 80.7
Dec. 1.02 815 1.07 80.0 1.00 80.9 144 812 119 81.0




APPENDIX B

GULF OF PANAMA STATION — METEOROLOGICAL,

HYDROGRAPHIC AND BIOLOGICAL DATA

APENDICE B

ESTACION DE GOLFO DE PANAMA — DATOS
METEOROLOGICOS, HIDROGRAFICOS Y BIOLOGICOS

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. a¢ Oxygen phosphate* piankton plankion  Chlorophyll 2* at Taboga® Station  Taboga radiation®
m °C ©/00 mi/L % Sat. «g.at/L mg.at/m2 ml/1000m3 mi/m3  mg/m> mg/m2 mg/m3/day g¢/m2/day ly/day
Fosfato Too-  Fitoplancton Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorganico* plancton neto Clorofila 2* en Tahoga* Estacion  Taboga Firmamento*
m °C 9/oo mi/L % Sat. rg.at/L mg.at/m2 mi/1000m3 mi/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
1954
Nov. 29 0 29.00 27.30 16.33 4.64 101.5 6 2.23 D 295
5 2894 27.30 16.35 4.66 102.0 k
Sta. 1 10 28.89 2759 16.58 4.57 100.0 T
20 2850 30.74 19.06 3.85 84.4 ()
38 2633 3250 21.07 216 47.0 o)
Dec. 24 0 2689 3001 19.03 4.75 102.6 124 15.00 510 .
5 2683 29.28 1850 4.75 1024 5!
Sta. 2 10 26.78 30.36 19.33 4.80 103.7 13. o
20 26.89 3092 1971 4.60 100.0 g
3¢ 2433 3217 2143 283 601 &
1955 g
Jan. 11 0 2639 3116 2005 5.28 114.0 55 5.09 370 >
5 2633 3129 2016 5.38 116.5
Sta. 3 10 2611 31.99 20716 571 123.3 12. Z
20 25.00 33.02 21.87 3.65 78.0 >
34 17.83 3456 2500 0.87 16.6 2
Jan. 25 0 2.78 3077 19.63 4.76 103.0 32 0.96 420 >
5 26.78 30.81 19.73 4.74 102.6
Sta. 4 10 2661 30.67 19.61 4.75 102.6 9.2
20 24.83 31.65 2089 3.99 842
40 20.89 33.68 2354 1.78 35.7
Feb. 8 0 2722 — — 497 — 57 4.04 351
5  27.11 — — 493 —
Sta. 5 10 2656 31.52 20.26 4.90 106.1 9.2
20 26.00 32.07 208 454 97.8
38 2367 33.86 2290 122 257
Feb, 22 0 26.22 3176 2055 4.78 103.2 44 2.19 585
5 26.17 3177 20.57 4.79 103.5
Sta. 6 10 2611 3176 20.58 4.76 102.6
20 22,22 3317 2279 263 53.7
35 18.00 3449 2490 158 30.3

Superscripts and asterisks(*) are explained in Notes p. 109.
Values in parentheses are interpolated.

Sobreescritos y asteriscos(*) se explican en las Notas, p. 109.
Los valores en paréntesis son interpolados.
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Transparency  Sun & Sky
Date Depth Temp.  Sal. o Oxygen phosphate* plankton  plankton Station  Taboga radiation®
m °C ©%/oo ml/L % Sat.  #g.at/L mg.at/m2 ml/1000m3 mi/m3  mg/m3 mg/m2 mg/m3/day ly/day
Fosfato Loo-  Fitoplancton Fijacion de carbono Transparencia Radiacion Sol y
Fecha Prof. Temp.  Sal. o Oxigeno Inorganico* plancton neto Estacion  Taboga Firmamento®
m °C °/00 ml/L % Sat. xg.at/L mg.at/m2 ml/1000m3 ml/m3 mg/m3/dia g/m2/dia ly/dia
Mar. 10 0 19.44 34.67 2468 6.65 130.7 50 6.58 D 692
5 1878 34.69 24.86 6.38 124.1 k
Sta, 7 10 18.28 3485 2511 5.57 107.5 T
20 1572 3496 2621 168 31.1
38 1533 35.00 2592 0.85 155
Mar. 23 0 2339 3441 2340 5.89 123.7 596 0.91 443
5 2272 33.85 2350 5.24 108.7
Sta. 8 10 17.83 3458 25.01 4.37 83.6
20 16.78 3478 2542 0.77 14.5
38 1644 3480 2551 0.60 11.2
Apr. 5 0 26.33 3321 2161 505 110.3 484 2.19 431
5 2578 3372 22.16 5.04 109.6
Sta. 9 10 2561 33.86 2232 4.97 107.8
20 2417 3434 2311 470 998
35 21.22 3451 2350 459 931
Apr. 19 0 2500 3420 2276 5.44 117.0 1 0.86 399
5 2478 3422 2284 556 124.7
Sta. 10 10 21.61 34.22 2376 5.01 102.2
20  21.00 3451 2414 260 525
40  20.67 3459 2429 2.69 54.1
May 3 0 27.28 3316 21.27 4.63 102.7 164 2.03 585
5 27128 33.08 21.21 4.63 102.7
Sta. 11 10 27.06 33.26 2141 4.63 102.0
20 27.00 33.71 2170 4.77 105.1
36 22.28 34.30 23.63 216 445
May 16 0 2744 3210 20.42 4.63 102.7 106 2.03 471
5 27.44 3215 20.46 4.63 102.0
Sta. 12 10 27.11 3250 20.83 4.72 104.0
20 25.83 33.85 2224 4.00 87.0
36 23.33 3425 2329 3.01 632
May 30 0 2817 31.42 1968 4.87 108.5 96 1.92 362
5 2822 31.53 19.41 4.91 109.6
Sta. 13 10 27.28 32.61 20.86 4.91 109.6
20 27.06 33.21 21.38 4.73 102.8
40  23.28 34.07 2317 2389 62.7
June 13 0 2856 3099 19.23 4.66 104.0 93 2.11 370
5 2861 31.14 19.32 4.86 108.7
Sta. 14 10 2839 31.38 19.58 4.77 106.2
20 2750 31.98 20.31 4.37 96.3
42 2550 33.97 2244 247 535
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. L8 Oxygen phosphate* plankton  plankion  Chlorophyll 2* at Taboga* Station  Taboga radiation*
m °C  %/oo mi/L % Sat. ng.at/L mg.at/m2 ml/1000m3> mi/m3  mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacién de carbono Transparencia Radiacidn Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorgénico* plancton neto Clorofila &* en Taboga* Estacion Taboga Firmamento*
m °C 9/00 ml/L % Sat.  xg.at/L mg.at/m2 ml/1000m3 mi/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
June 27 0 2750 30.86! 19.47 4.68 102.4 132 4.81 D 373
5 50 30.94! 19.53 4.68 102.4 k
Sta. 15 10 2706 31.951 20.43 4.44 96.7 T
20 2400 33.72' 2270 347 1734
40 1994 3452 2443 1.33 26.4
July 11 0 2150 29.59t 1852 4.75 103.3 0.65 35.37 54 1.92 405
5 27.50 29.59' 1852 4.75 103.3 0.75
Sta. 16 10  27.56 29.58' 18.49 4.84 105.2 0.98
20 2778 29.75' 1855 4.72 103.3 0.92
40 26.28 3237 2099 3.78 82.2 1.12
July 25 0 2172 29.29' 18.23 4.81 104.6 0.62 48.00 36 1.66 272
5 2718 29.29t 1821 4.66 101.3 0.70
Sta. 17 10 28.00 29.59' 18.36 4.69 102.4 1.01
20 25.00 32.88 2176 3.50 74.8 1.08
44 21.44 3419 2378 1.38 281 2.25
Aug. 8 0 27172 2865 1775 4.73 102.4 0.59 21.47 49 1.92 491
5 27.78 28.68' 17.75 4.72 102.4 0.34
Sta. 18 10 27.50 29.45' 18.42 4.70 102.0 0.44
20 26.89 31.03 19.79 4.69 102.0 0.35
38 2450 3339 2291 286 60.7 1.12
Aug. 22 0 2800 2898 17.91 4.75 103.5 0.41  16.42 14 1.04 406
: 5 27.78 29.28' 18.20 4.75 103.7 0.17
Sta. 19 10 27.67 29.66' 1852 4.53 98.9 0.17
20 2722 3117 1979 443 96.7 0.30
40 2244 3311 2268 281 574 1.14
Sept. 5 0 2761 28.16' 17.42 451 7.2 0.75 34.11 11 2.06 —
5 2772 28161 17.38 4.51 974 0.66
Sta. 20 10 28.00 2857 17.60 4.57 99.4 0.59
Sept. 5 20 27.33 29.83' 1876 4.47 97.0 0.63
Sta. 20 42 25.00 3267 21.61 249 53.0 1.92
Sept. 19 0 2767 27.84 1716 4.70 101.3 0.09 25.90 30 1.01 385
5 2767 2192 1722 4.74 102.2 0.14
Sta. 21 10 27.67 2196 17.25 4.71 101.5 0.19
20 2717 29.01 1819 459 989 0.34
40 21.33 33.75 23.48 1.24 25 2.37
Oct. 3 0 2839 28.33 17.29 — — 0.41 27.719 49 2.08 —
5 27.83 2844 1756 4.78 103.5 0.15
Sta. 22 10 2761 2861 1775 4.74 102.4 0.35
20 27.39 29.20 18.26 431 933 0.52
40 24.00 3258 21.84 210 44.0 1.84
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APPENDIX B—(Continued)

Inorganic Loo- Sun & Sky
Date Depth Temp.  Sal. o Oxygen phosphate® plankfon Taboga radiation®
m ° %/00 ml/L % Sat. ~g.at/L mg.at/m2 ml/1000m> mi/m3>  mg/m3 mg/m2 mg/m3/day ly/day
Fosfato Loo- Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorganico* plancton Taboga Firmamento®
m °C ©/00 ml/L % Sat. nxg.at/L mg.at/m2 ml/1000m3 ml/m3 mg/m3/dia g/m2/dia ly/dia
Oct. 19 0 2733 2520 15.29 5.05 106.3 — — 106 D 472
5 27.33 2517 15.27 5.13 108.0 — k
Sta. 23 10 26.89 2524 1546 5.02 105.2 — T
20 2744 2745 1694 4.62 98.9 —
39 2517 3198 21.04 195 415 —
Oct. 31 0 2750 2361 14.05 4.41 925 — — 21 415
5 2750 26.21 1599 4.82 1026 —
Sta. 24 10 2744 26.77 1643 4.85 1034 —
20 2672 27.70 17.35 4.62 98.1 —
39 24 33.39 28 1.61 34.2 —
Nov. 15 0 27.50 21.68 12.61 5.28 109.3 0.08 18.32 13 398
5 27.28 24.04 14.44 5.17 108.2 0.00
Sta. 25 10 27.17 2570 15.25 5.08 107.0 0.00
20 2633 28.27 17.90 4.72 99.8 0.15
38 25.06 31.76 20.90 258 54.7 1.34
Dec. 1 0 2644 2461 1513 495 101.9 0.31 25.26 85 400
5 2711 2652 16.35 4.88 103.4 0.13
Sta. 26 10 2678 27.62 17.27 4.85 103.0 0.45
20  26.67 1854 4.80 102.8 0.45
38 2511 3115 2043 270 57.2 1.63
Dec. 12 0 2678 2682 1667 4.84 102.1 0.65 44.21 22 362
5 26.78 26.95 16.77 4.88 103.0 0.69
Sta. 27 10 27.00 2841 17.80 4.84 103.4 0.72
20 25.22 30.31 19.77 4.09 86.1 0.99
40 2267 3250 2216 1.71 35.0 1.98
Dec. 26 0 27.00 26.60 1644 4.92 104.0 0.45 30.95 17 613
5 26.56 26.65 16.61 4.93 103.6 0.45
Sta. 28 10 26.61 2668 16.62 4.97 1044 0.49
20 2639 28.25 17.87 4.96 105.1 0.37
39 22,83 3214 21.84 190 39.0 1.91
1956
Jan. 9 0 25.44 28.76 1854 4.99 104. 0.66 65.05 — —
5 25.56 28.85 18,57 5.05 105.9 0.62
Sta. 29 10 2533 29.38 19.01 4.90 102.7 0.68
20 23.06 3237 21.95 217 44.7 1.74
33 1606 348 2591 050 9.3 2.73
Jan. 23 0 23.00 3317 2257 5.71 118.2 0.42 78.95 77 —
5 18.78 33.77 2416 6.21 119.7 0.63
Sta. 30 10 16.83 3453 2521 4.70 88.2 1.23
20 13.72 3509 26.33 0.74 131 2.46
39 1328 3511 2644 055 9.7 2,71
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton  plankton  Chlorophyil 2* at Taboga* Station  Taboga radiation*
m °C %/oo ml/L % Sat. xg.at/L mg.at/m2 ml/1000m3 mi/m> mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacién de carbono Transparencia Radiacidn Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorgénico® plancton neto Clorofila o* en Taboga* Estacion Taboga Firmamento™
m °C  %/oo ml/L % Sat. wg.at/L mg.at/m2 mi/1000m> ml/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Feb. 6 0 2667 31.39 2010 4.96 107.6 0.04 18.32 206 3.04 D —
5 2650 31.30 2012 4.96 107.4 0.00 k
Sta. 31 10  26.22 31.39 2027 4.94 106.5 0.10 — T
20 25.39 32.01 20.99 4.71 100.6 0.16
38 1833 33.67 24.19 277 531 1.25
Feb. 21 0 2633 3202 2071 473 102.6 0.30 34.74 508 0.86 -
5 28 3204 20.74 4.79 103.9 0.14 )
Sta. 32 10 2550 3224 2113 4.80 103.0 0.48 42,
20 2256 3291 2250 3.89 79.9 0.83
38 1872 3399 2434 148 285 1.74
Mar. 5 0 2317 3362 228 5.68 118.3 1.18  100.42 16 4.81¢ —_
5 2244 3371 2314 5.87 120.8 1.25
Sta. 33 10  20.06 33.72 2379 4.69 92.7 1.66 —
20 17.22 3442 25.04 191 36.0 2.69
40 16.89 3465 25. 041 7.7 3.67
Mar. 21 0 2478 3344 2225 540 1154 1.39  108.00 106 6.25¢ —
5 2406 3344 2247 5.59 117.9 1.47
Sta. 34 10 19.33 33.76 24.01 4.53 885 2.08 1.5
20 18.00 34.43 24.86 273 523 2.81
40 17.33 3450 25.07 0.69 13.0 3.88
Apr. 2 0 2156 3443 2392 546 111.2 0.38 63.16 17 1.73¢ —
5  21.33 46 24.04 5.62 114.0 0.34
Sta. 35 10 18.44 3443 2475 486 93.8 0.59 31.
20 17.33 3451 25.08 1.97 37.2 2.01
40 17.17 3467 2524 157 29.7 2.39
Apr. 17 0 27.39 3283 2098 4.93 109.1 0.50 27.16 216 1.0 —
5 2661 32.84 21.24 492 107.9 0.64
Sta. 365 10 2528 33.29 21.99 494 106.5 0.38 4.7
20 2233 34.37 23.69 4.92 1017 0.42
40 1956 3455 2455 246 48.3 1.63
Apr. 30 0 2733 3333 21.38 5.00 111.1 0.12 12.63 838 4,10 —
5 27.06 3336 21.49 5.03 111.3 0.06
Sta. 37 10 26.94 3340 2156 5.06 111.7 0.13 —_
20 25.89 33.46 21.93 5.05 109.8 0.24
40 2450 34.02 2277 4.09 87.2 1.03
May 14 0 2728 3290 21.07 4.77 105.8 0.21 17.68 286 1.73 —
5 27.22 3289 21.08 4.90 108.4 0.19
Sta. 38 10 27.17 33.04 21.21 4.82 106.6 0.24 14.
20 26.89 33.27 2147 4.82 106.2 027
40 2533 33.82 22.37 283 6Ll 1.26
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency - Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton plankton  Chlorophyll 2* at Taboga* Station  Taboga radiation*
m °C ©/o0 ml/L % Sat. xg.at/L mg.at/m2 ml/1000m3 ml/m3 mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorgédnico* plancton neto Clorofila o* en Taboga* Estacién  Taboga Firmamento®
m ° ©/00 ml/L % Sat. «~g.at/L mg.at/m2 mi/1000m3 ml/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
June 19 0 2717 2743 17.35 4.82 102.8 0.19 13.90 105 1.70 D 9 —
5 2828 2179 16.92 4.85 105.4 0.07 k 19
Sta. 39 10 28.06 29.51 18.28 4.79 104.8 0.10 3.1 T .83
20 2794 30.88 19.35 4.68 103.1 0.22
40 25.39 3352 2213 1.97 425 1.05
July 2 0 2828 2882 1770 4.77 104.4 0.39 30.95 256 0.672 7.5 —
5 2828 2874 17.64 4.83 105.5 0.43 .23
Sta. 40 10 28.06 30.44 18.98 4.74 104.4 0.42 3.4 19
20 27.39 3234 2062 4.82 106.4 0.57
40 25.06 33.72 22. 1.21 273 1.79
July 17 0 2833 2976 18.36 4.73 104.2 0.37 27.79 25 2.02 11 213
5 27.67 29.69 1854 4.83 105.5 0.44 15
Sta. 41 10 27.56 29.94 1876 4.85 105.7 0.43 — .86
20 2717 3217 2056 4.40 96.9 0.57
40 2572 33.01 21.69 257 555 1.38
July 31 0 2817 2924 18.05 4.11 90.1 0.44 46.74 528 1.44 12 —
5 27194 2926 1813 4.14 904 0.44 14
Sta. 42 10 27.72 30.17 18.89 4.14 90.6 0.45 4.5 .87
20 26.67 32.09 .66 3.79 82.9 0.48
40 24.33 3255 21.72 3.64 176.6 4.00
Aug. 13 0 2811 3001 1864 4.82 105.9 0.35 41.69 445 1.92 12.5 232
5 28.06 30.13 1875 4.64 102.0 0.62 14
Sta. 43 10 27.89 30.13 18.80 4.74 104.0 0.71 3.8 .87
20 27.22 31.81 2027 4.41 96.7 0.81
40 22,00 33.23 2290 2.33 47.6 218
Aug. 27 0 2811 2858 1757 4.63 100.9 0.67 42.32 13¢ 0.96 9.5 —
5 27.83 2864 1771 4.67 101.5 0.65 .18
Sta. 44 10 27.78 29.49 18.36 4.64 101.3 0.68 3.0 .84
20 26.11 31.76 20.58 4.10 88.4 0.97
40 2378 3319 2236 1.44 30.3 213
Sept. 11 0 2856 2798 16.98 4.79 104.6 — 35.37 49 1.44 9 —
5 2856 2870 1752 4.78 104.1 0.58 .19
Sta. 45 10 2817 29.13 17.96 4.72 101.1 0.57 — .83
20 27.61 30.83 19.41 4.58 100.7 0.59
40 24.83 3316 2203 1.82 38.7 2.00
Sept. 24 0 2833 29.85 1845 4.73 104.1 1.01 54.32 71 1.48 15.5 —
5 2856 30.24 18.67 4.67 103.5 0.73 11
Sta. 46 10 28.28 29.97 1856 4.67 102.9 0.77 1.3 .90
20 27.67 29.85 1866 4.76 103.9 1.27
39 2589 31.89 20.75 242 51.7 2.25
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton  plankfon  Chlorophyll 2* at Taboga* Station radiation*®
m °C  ©%/oo mi/L % Sat. rg.at/L mg.at/m2 ml/1000m3> ml/m3>  mg/m> mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacion de carbono Transparencia Radiacion Sol y
Fecha Prof. Temp.  Sal. o QOxigeno lnorganico™ plancton neto Clorofila 2* en Taboga* Estacion Taboga Firmamento™
m °C ©%/oo ml/L % Sat.  xg.at/L mg.at/m2 ml/1000m3 mi/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Oct. 8 0 2811 2866 17.63 4.61 100.4 0.23 22,74 72 0.67 D 22,5 —
5 28.17 28.71 1765 4.56 99.8 0.23 k .08
Sta. 47 10 2817 29.36 18.13 4.59 100.7 0.22 1.2 T .92
20 27.89 31.02 1947 4.71 104.0 0.32
40 27.94 3273 2073 220 49.1 1.49
Oct. 22 0 2761 26.85 16.44 4.56 97.6 0.21 45.48 45 1.92 12 4488
5 2756 26.82 16.43 4.86 103.6 0.21 14
Sta. 48 10 2756 28.48 17.67 4.86 103.4 0.57 7.7 .87
20 2711 29.85 18.84 4.38 94.8 0.71
40 2294 3325 2265 3.20 66.3 2.88
Nov. 8 0 2767 24.88 14.95 462 97.7 0.37 13.26 37 1.44 6.5 580
5 2717 2486 15.09 4.20 88.2 0.00 .26
Sta. 49 10 27. 2576 15.81 4.23 89.1 0.03 — 7
20 26.83 2823 1771 351 T4.8 0.15
40 2361 3289 22,18 1.68 352 1.19
Nov. 19 0 2739 27.36 16.89 4.68 100.0 0.98 61.27 50 2.08 8 438
5 2739 2730 16.84 4.61 Y85 1.08 .21
Sta. 50 10 2744 3033 19.10 4.31 93.9 1.38 1.9 .81
15 26.33 3037 19.47 4.25 914 1.33
35 23.56 3223 21.70 293 60.9 212
Dec. 3 0 2667 28.09 17.66 4.86 103.2 0.82 65.69 17 1.87 11.1 _
5 2639 2810 17.75 4.73 100.2 0.78 15
Sta. 51 10 2572 3012 19.47 419 89.2 0.97 8.2 .86
15 2489 3198 2112 294 623 1.52
35 19.83 3323 2348 1.73 33.9 2.34
Dee. 17 0 2683 2838 17.83 540 115.1 0.90 54.95 54 2.23 075 17.72 11.2 394
5 2678 2838 17.84¢ 525 111.7 0.84 15
Sta. 52 10 2672 2845 17.91 5.23 109.4 0.81 (0.73) 9.4 .86
25 26.00 2949 1891 455 96.6 1.37 0.70
33 2444 3143 208 3.18 66.8 2.76
1957
Jan. 2 0 26.8 29.00 1830 5.47 1174 1.19 73.27 6 5.38 0.74 19.00 11.0 _—
5 268 2896 1827 537 115.2 1.21 15
Sta. 53 10 267 2890 1826 5.26 1126  (1.65) 0.75 10. .86
%g 25.9 30.50 1970 3.75 80.0 1.93 .
30 - 219 31.82 21.72 214 4315 234 ’
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APPENDIX B—(Continued)

Inorganic Loo-  Net phytoe- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton plankton  Chlorophyll »* at Taboga* Station  Taboga radiation™
m °C %/oo mi/L % Sat. ~g.at/L mg.at/m2 ml/1000m3> mi/m3>  mg/m> mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacion de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. oc Oxigeno Inorganico* plancton neto Clorofila »* en Taboga* Estacion Taboga Firmamento®
m °C ©/oo ml/L % Sat. zg.at/L mg.at/m2 mi/1000m3 mi/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Jan. 14 0 261 3024 1945 5.04 1075 1.15  103.58 5 — — 19.62° D 10.3 542
5 26.0 30.24 19.35 5.07 108.1 1.34 k A7
Sta. 54 10 25.6 3223 2109 290 62.4 2.24 0.76 52. T 84
Jan, 14 20 221 3407 2351 0.89 18.3 2.93
Sta. 54 25 0.84
35 13.8 3411 2556 0.62 109 3.26
Jan. 29 0 25.2 — — 595 — 0.80 79.58 226 2.99 — 34.18° 8.0 476
5 243 3239 21.60 593 1248 0.54 .21
Sta. 55 10 23.1 — —  6.33 — 0.60 1.45 32. .81
20 191  34.04 2428 1.92 37.3 2.18
25 0.88
36 17.0 3458 2521 0.46 8.7 3.46
Feb. 11 0 245 3288 2191 553 116.9 0.22 51.16 48 4.06 0.72 18.35 8.0 519
5 242 3277 21.92 5.33 116.7 0.11 21
Sta. 56 10 23.7 3275 2205 6.12 127.8 0.26 0.84 24, 81
20 19.0 33.33 2377 3.55 68.7 1.42
25 0.43
36 17.9 3413 2465 149 28.4 2.42
Feb. 25 0 227 3407 2334 456 946 0.08 85.90 53 2.14 1.37 17.09 4.5 444
5 225 34.05 23.37 5.85 120.9 0.05 .38
Sta. 57 10 216 3404 2362 552 1124 0.10 0.69 10. .68
20 18.4 34.38 2481 255 49.1 2.7
25 0.48
36 18.0 34.20 2468 1.56 20.8 3.99
Mar. 12 0 236 3411 2311 542 114.1 0.33 76.42 15 2,537 0.98 19.62 8.8 646
5 236 3407 23.08 5.41 113.9 0.38 19
Sta. 58 10 227 3420 2336 381 789 1.06 (0.85) 26. .83
20 19.2 3441 2454 250 48.9 2.15
25 0.50
38 188 3442 2479 152 295 3.20
Mar. 21 0 241 3440 2318 6.06 128.9 0.14 74.53 16 2.02 1.01 2215 7.0 —
5 232 3474 2370 5.98 106.7 0.41
Sta. 59 10 203 3440 2425 497 99.0 0.48 1.11 25 19
20 191 3449 2463 258 505 2.25
25 0.31
38 186 3440 2468 1.00 19.3 3.24
Apr. 10 0 24.4 34.23 2296 6.34 1384 — — 20 2.29 — — 7.0 581
Sta. 60 5 3431 —  6.30 136.7 — .24
Apr. 10 10 — 3421 —  6.33 136.7 — — 31. 19
Sta. 60 %g 226 3452 2370 206 424 —
37 — 3456 — 130 25.7 — -
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. at Oxygen phosphate* plankton  plankton  Chlorophyll &* at Taboga® Station  Taboga radiation™
m °C  ©%/oo mi/L % Sat. ug.at/L mg.at/m2 ml/1000m3> mi/m3  mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacidn de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp. Sal. o Oxigeno Inorgénico® plancton neto Clorofila &* en Tahoga* Estacion Taboga Firmamento®
m °C %/oo mi/L % Sat. ug.at/L mg.at/m2 mi/1000m> ml/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Apr. 22 0 258 3425 2236 6.08 132.8 — — 17 1.67 - — D 15.0 516
5 254  34.38 22777 5.56 120.6 — k 11
Sta. 61 10 252 3423 2272 6.21 1341 — — 26. T .90
%g 22.0 3460 23.94 478 984 —
37 199 3438 2434 121 240 - B
May 6 0 269 3407 22.06 5.26 116.9 0.36 85.27 23 0.96 0.37 13.92 12.0 472
5 263 3411 29  5.21 1145 0.43 14
Sta. 62 10 252 3425 22.81 5.57 3 0.55 0.71 6.9 .87
: %g 22.5 34.52 2373 3.07 636 2.63 (8-%?)
37 212 3458 2414 157 319 3.59 ’
May 20 0 283 3205 2011 491 109.6 0.05 12.00 140 0.86 0.78 10.13 29.0 —
5 27.9 32.07 2025 5.09 113.1 0.00 .06
Sta. 63 10 277 3243 2058 5.26 116.9 0.02 0.41 10. .94
%g 215 3263 20.81 5.03 111.5 0.14 (8'33)
37 26.9 33.21 2143 4.09 90.3 0.93 "
June 3 0 284 3216 2016 4.32 96.6 1.43 69.48 46 0.96 0.38 7.59 23.0 —
5 284 3214 2014 412 922 1.40 .07
Sta. 64 10 28.4 32,16 20.16 4.29 96.0 1.53 0.27 10. .93
gg 28.0 3275 20.73 4.32 96.0 1.87 (8.53)
37 267 33.80 21.93 353 7.8 1.93 !
June 20 0 28.7 3245 20.27 4.72 106.6 0.35 36.63 155 0.96 0.34 6.96 27.0 467
5 286 3252 2036 4.75 107.0 0.61 .06
Sta. 65 10 286 3232 2021 491 110.6 0.57 0.26 10. .94
%g 28.2 3310 21.00 4.60 103.4 0.88 (8.3513)
37 272 3339 2146 345 765 1.52 ’
July 4 0 28.9 30.64 18.85 4.68 104.5 0.96 72.63 58 2.18 0.42 10.76 29. 28.0 —
5 28.8 30.66 18.90 4.64 103.6 0.89 .06
Sta. 66 10 287 3068 1895 4.55 101.3 0.89 0.43 29. .94
20 279 3230 20.42 — — 1.75 (0.41)
25 0.37
37 26.2 3331 21.72 216 47.2 3.20
July 15 0 28.6 31.38 1951 4.80 107.4 0.59 42,95 43 5.2 0.55 8.23° 16.0 432
5 285 3147 19.61 4.67 104.5 0.78 a1
Sta. 67 10 284 31.36 1956 4.83 107.8 0.74 0.29 12. .90
%(5) 27.8 3277 20.81 4.67 104.2 0.80
37 2.7 3333 21.89 187 406 191 -
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APPENDIX B—(Continued)

Inorganic Zoo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton  plankton  Chlorophyll &* at Taboga* Station  Taboga radiation*
m ° %/00 mli/L % Sat. «g.at/L mg.at/m2 mi/1000m3> ml/m3  mg/m> mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorgdnico*® plancton neto Clorofila & en Taboga™* Estacion Taboga Firmamento*
m °C ©/o0 ml/L % Sat. ~g.at/L mg.at/m2 ml/1000m3 ml/m3> mg/m3 mg/m2 mg/m3/dia g¢/m2/dia ly/dia
July 29 0 285 3066 19.00 4.80 106.7 0.69 52.71 255 1.4 0.21 11.39 D 14.0
5 284 3066 19.03 4.84 107.3 1.03 k 12
Sta. 68 10 285 30.68 19.01 4.49 99.8 0.88 0.40 8.8 T .89
gg 284  31.64 19.77 4.55 101.6 1.05 (8'2'8')
Nl
37 274 3274 2091 292 6438 2.11
Aug. 12 0 286 3088 19.13 468 104.5 1.10 56.51 139 11 019 5.70 24.0 353
5 286 3090 19.15 4.73 105.6 1.01 .07
Sta. 69 10 285 3093 19.20 4.70 104.9 1.31 0.26 10. .93
%g 28.4  31.67 19.79 4.48 100.0 1.09 (8.%3)
37 2.0 3295 2151 225 488 2.37 )
Aug. 26 0 284 3055 1895 5.27 116.9 0.54 47.36 62 4.4 0.58 12.66 6.0 —
5 283 3052 18.96 5.27 116.6 0.61 .28
Sta. 70 10 274 3093 1956 4.96 1085 0.56 0.44 8.1 .76
20 26.6 3257 21.04 4.32 943 0.82 (0.55)
25 0.64
37 23.8 3396 2294 1.59 33.5 2.43
Sept. 9 0 286 3180 19.82 4.76 106.7 0.43 31.36 106 2.6 0.22 6.33 20.0 517
5 286 3245 2031 4.72 106.3 0.50 .09
Sta. 71 10 285 32.03 20.03 4.76 106.7 0.58 0.22 6.3 91
20 281 3245 20.45 — — 0.70 (0.25)
25 0.30
37 268 3333 2155 3.84 846 1.28
Sept. 23 0 288 3099 1915 473 105.8 0.30 15.68 100 — 0.21 570 20.0 598
5 287 31.00 19.19 4.76 106.3 0.28 .09
Sta. 72 10 285 31.67 1976 4.70 105.4 0.40 0.23 3.2 91
gg 28.3 3297 2079 4.64 104.3 0.25 (8.5:;)
37 253 3391 2245 4.36 94.8 0.65 ’
Oct. 7 0 287 3021 1860 4.83 107.3 0.58 39.68 98 0.36 0.38 10.13° 23.0 530
- 5 287 29.96 18.41 4.88 108.4 0.58 .07
Sta. 73 10 287 30.25 1863 4.84 107.6 0.53 0.41 12. .93
%g 285 30.93 1920 4.86 108.2 0.78 :
37 251 3330 2205 184 395 177 o
Oct. 21 0 286 3044 1880 476 105.8 0.34 19.20 95 0.21 0.26 6.96 14.0 —
5 286 3052 18.86 5.06 112.4 0.34 12
Sta. 74 10 287 3044 1877 4.88 108.4 0.41 0.28 12. .89
%g 287 31.58 19.62 4.81 107.9 0.41 (8':2’,9)
.30
37 246 3380 2258 372 79.3 0.77
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APPENDIX B—(Continued)

Inorganic Zoo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. gt Oxygen phosphate* plankton  plankton  Chlorophyll o* at Taboga* Station - Taboga radiation™
m °¢ %/00 ml/L % Sat. «~g.at/L mg.at/m2 mi/1000m3> ml/m3>  mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. ot Oxigeno Inorgénico™ plancton neto Ciorofila «* en Taboga* Estacion Taboga Firmamento™
m °C ©/o0 mi/L % Sat. ng.at/L mg.at/m2 ml/1000m3> ml/m>  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Nov. 5 0 283 2862 1754 4.40 96.1 0.39 51.84 77 0.26 0.22 10.13 11.0 541
5 282 2855 1752 4.36 95.2 0.52 15
Sta. 75 10 281 2884 1777 431 93.9 0.70 0.26 7.7 .86
20 281 3046 1898 413 91.2 — (0.66)
25 0.96
37 250 3290 2178 243 518 2.15
Nov. 18 0 278 2893 1793 4.79 104.1 0.92 57.92 9 — 0.32 8.86 15.0 —
5 218 2913 18.08 4.86 105.9 1.17 a1
Sta. 76 10 278 2927 1819 4.94 107.6 1.19 0.32 25. .90
%g 27.6 3014 1890 4.63 101.5 1.73 (8'§§)
37 261 3142 2033 4.02 865 1.53 )
Dec. 2 0 282 2869 17.62 4.74 102.2 0.58 46.40 — 0.77*  0.27 8.86 17.0 567
5 281 2864 17.62 4.80 104.6 0.55 10
Sta. 77 10 279 29.04 17.98 4770 102.4 0.32 0.34 4.6 .90
gg 27.8 29.81 1859 4.32 945 1.19 (8'2?
37 212 3120 1988 354 T1.3 2.03 ’
Dec. 14 0 274 30.82 1947 4.67 102.2 — — 35 — 0.56 10.13 18.0 622
5 274 3090 1953 4.22 92.1 — .09
Sta. 78 10 274  30.81 19.47 3.95 86.4 — 0.35 6.1 .91
20 263 31.87 21.08 3.8 831 — (0.47)
25 0.57
37 240 3312 2224 210 44.2 —
Dec. 28 0 215 30.84 19.46 4.77 103.9 0.42 25.92 58 — 0.40 11.39 8.0 —
5 215 30.86 19.47 4.92 107.9 0.42 . .21
Sta. 79 10 276 31.06 1959 4.79 105.5 0.38 0.51 31. .81
20  26.0 31.94 20715 4.40 94.8 0.63 (0.45)
25 0.39
37 25.4 328 2163 369 T9.2 1.01
1958 .
Jan. 13 26.6 32.48 2097 4.70 102.8 0.34 59.52 102 — 0.91 17.09 16.0 457
. 5 259 3259 21.27 4.94 106.7 0.60 11
Sta. 80 10 251 3297 2180 4.11 88.2 1.12 0.76 17. .90
20 224 3360 2307 421 859 1.59
25 0.47
37 203 3416 24.06 2.09 41.6 2.19- .
Jan. 2t~ 0 264 3261 21.13 5.04 109.6 0.60 20.48 119 1.0 0.26 12.66 20.0 —
5 263 3259 21.15 5.36 116.5 0.34 .09
Sta. 81 10 259 3286 21.48 5.04 109.1 0.40 0.43 14. 91
20 246 3330 2220 5.25 111.7 0.34
25 0.85
37 234 3351 2271 390 814 0.94
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APPENDIX B—(Continued)

Inorganic Loo-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. o Oxygen phosphate* plankion  plankton  Chlorophyil 2* at Taboga* Station  Taboga radiation®
m °C  9%/co ml/L % Sat. xqg.at/L mg.at/m2 mi/1000m3> ml/m3 mg/m> mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancion Fijacién de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp. Sal. o: Oxigeno Inorgédnico* plancton neto Clorofila &* en Taboga® Estacién  Taboga Flrmamgnto‘
m °C 9/oo mi/L % Sat. xqg.at/L mg.at/m2 ml/1000m3> mi/m3 mg/m3> mg/m2 mg/m3/dia g/m2/dia ly/dia
Feb. 10 0 263 3245 21.04 513 111.5 0.73 34.56 — 2.3 0.68 15.19 16.0 415
5 258 3223 21.03 4.73 101.9 0.42 a1
Sta. 82 10 257 3234 2115 5.29 1135 0.69 0.70 40. .90
20 236 3241 21.82 4.81 100.2 0.62
25 0.37
37 231 3337 2269 311 645 1.69
Feb. 24 0 242 3371 2263 558 118.2 0.70 66.88 194 13.5 0.44 41,77 11.0 367
Sta. 83 5 241 33.89 2279 579 1227 0.57 15
10 226 34.07 23.36 5.8¢ 120.9 0.95 1.92 38. .86
%g 19.7 3443 2443 263 519 1.90
37 186 3438 2467 153 296 2.48 B
Mar. 11 0 274 3205 2040 4.76 105.1 0.90 44.80 148 2.2 0.48 11.39 12.0 276
5 274 31.94 20.31 4.13 91.2 1.04 14
Sta. 84 10 274 3200 2036 4.95 109.3 0.93 0.49 12. .87
20 26.2 3225 2092 4.83 104.8 0.86
25 0.37
37 224 33.84 2325 3.21 66.1 1.85
Mar. 25 0 259 3337 21.86 6.27 136.0 0.81 63.36 71 2.4 0.75 22.78 10.0 552
5 251 3358 2226 6.40 137.3 0.60 17
Sta. 85 10 246 33.64 2246 (6.00) 0.93 1.14 81. .84
20 228 3400 2325 3.83 795 1.66
25 0.47
37 206 3454 2427 1.48 29.7 2.52
Apr. 7 0 272 3295 2114 526 116.1 1.01 57.28 116 4.7 0.68 18.99 11.0 532
5 269 3292 2121 523 115.0 1.10 15
Sta. 86 10 257 3346 22.00 5.25 115.1 1.08 0.79 25. .86
20 23 33.60 2269 5.27 110.7 0.98
25 0.78
37 221 3418 2359 175 36.0 2.70
Apr. 28 0 269 3299 21.26 4.98 109.7 0.45 58.56 60 10.4 0.40 25.95 32. 765 10.5 446
5 265 3299 21.39 518 113.6 0.33 (0.70) 33. .16
Sta. 87 10 252 33.22 .96 536 115.0 0.40 0.97 99. .85
) 15 (0.80) (1.20) 22.
20 217 3443 23.89 240 49.1 1.79
25 1.53
37 19.6 3458 2457 031 6.1 2.56
May 12 0 290 3181 19.70 04 113.8 0.41 41.92 192 36.4 0.62 15.82 74. 575 11.0 —
5 289 31.73 - 19.67 5.03 113.3 0.34 (0.65) 32. .15
Sta. 88 10 287 31.82 19.80 4.99 1121 0.46 0.67 35. .86
15 (0.73) (0.65) 18.
gg 26.0 3275 21.36 3.97 859 1.02 (8.23)
37 231 3382 2303 158 329 1.97 ’
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APPENDIX B—(Continued)

Inorganic Ioo-  Netl phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. o Oxygen phosphate* plankton  plankion  Chlorophyll * at Taboga™ Station  Taboga radiation®
m °C %/00 ml/L % Sat. ug.at/L mg.at/m2 ml/1000m3> mi/m3>  mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacion de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp,  Sal. o¢ Oxigeno Inorganico* plancton neto Clorofila &* en Taboga® Estacion  Taboga Firmamento™
m °C 9/o0 mi/L % Sat. ug.at/L mg.at/m2 mi/1000m> ml/m3  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
June 2 0 289 30,73 18.92 5.00 111.6 0.62 28.48 130 1.0 0.51 8.23 20. 160 D 13.0
5 291 30.8¢ 1894 5.05 113.2 0.37 — k 13
Sta. 89 10 29.3 3155 19.40 5.01 113.4 0.51 0.25 5.7 T .88
15 (0.28) 2.7
%(5) 29.0 3216 19.96 5.00 113.1 0.37 (8%1)
37 258 3342 21.93 287 623 1.46 ’
June 16 0 286 3032 1871 474 105.1 — — — 9.4 0.29 11.90 21. .185 14.5 —
5 285 3032 18.75 4.81 1064 — (0.30) 6.3 12
Sta. 90 10 284 30.66 19.03 477 1055 — 0.38 13. .89
15 (0.53) 14.
20 281 3149 19.75 452 100.4 — (0.70)
25 0.89
37  26.2 3299 2148 281 612 -
June 30 0 293 3017 1837 475 106.3 — — 170 10.9 0.66 18.25 83. .530 12.0 —
5 291 3021 1847 4.73 105.8 — 0.52 32. 14
Sta. 91 10 288 30.66 1890 4.80 107.4 — (0.58) 22, 87
15 0.76 15.
20 281 3160 19.83 424 942 0.96)
25 1.21
37 248 3330 2214 135 288 —
July 14 0 283 2961 18.28 4.42 971 0.37 22.22 118 12.7 0.20 7.94 21. .243 13.0 404
5 282 2976 1843 447 985 0.20 0.27 22. 13
Sta. 92 10 281 30.19 18.78 4.60 101.3 0.38 0.37 8.5 .88
15 0.49) 0.37 16.
%g 278 3236 20.50 4.31 958 0.58 (8%)
37 266 32.83 21.24 288 63.0 0.83 ’
July 28 0 284 2908 1785 4.38 96.3 — — 73 19.6 0.70 19.84 30. .233 13.0 —
5 284 2901 17.80 4.43 974 — (0.98) 19. 13
Sta. 93 %g 28.3 2942 1814 4.42 971 — (1)%;% 1%. .88
20 279 3191 20.06 3.8 864 — (0.62) )
25 0.48
37 268 3247 2090 224 491 —
Aug. 11 0 —  29.03 — 483 — — — 138 9.1 - - 40. .278 115 103
Sta. 94 5 —  29.05 —  4.88 — — — 19. 15
10 — 29.29 — 474 — — — 12. .86
15 — 9.7
20 — 3124 — 474 — —
25 —
37 — 3254 — 315 — —
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APPENDIX B—(Continued)

Inorganic Too-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp. Sal. ot Oxygen phosphate* plankton  plankton  Chlorophyll 2* at Taboga* Station  Taboga radiation*
m °C ©/00 mi/L % Sat. xg.at/L mg.at/m2 ml/1000m3> mi/m3  mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Loo-  Fitoplancton Fijacidn de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp. Sal. ot Oxigeno Inorgénico*® plancton neto Clorofila 2* en Taboga® Estacion  Taboga Firmamgnlo*
m °C  9/oo mi/L % Sat. xg.at/L mg.at/m2 ml/1000m3 ml/m3>  mg/m3 mg/m2 mg/m3/dia g/m2/dia ly/dia
Aug. 25 0 285 3014 1861 4.85 107.3 0.38 39.40 140 13.7 0.40 13.49 36. 415 D 11.0 —
5 282 3051 1899 4.79 105.7 0.41 0.32 30. k 15
Sta. 95 10 279 3147 1980 3.80 841 0.61 0.34 17. T .86
15 (0.75) 0.85 36.
%(5) 27.0 3258 2092 289 63.7 0.93 (8.;15)
37 235 3344 2263 170 356 1.69 '
Sept. 8 0 285 2860 17.46 4.71 103.3 0.29 25.27 208 24.5 0.24 4.76 19. .230 11.5 8.0 —
5 285 2874 17.57 4.72 103.5 0.44 (0.23) 20. 15 21
Sta. 96 10 283 2907 17.88 4.68 102.4 0.40 0.21 12. .86 81
15 (0.40) 0.23 9.0
%g 27.6  30.60 19.25 4.49 983 0.46 (8%)
37 269 3183 2039 3.01 657 1.16 ’
Sept. 22 0 283 2159 1677 451 97.8 0.40 30.45 145 2.8 0.19 5.56 17. 170 11.5 —
5 284 2154 1670 459 99.6 0.54 0.10 16. 15
Sta. 97 10 284 2860 1749 4.44 97.4 0.24 0.19 7.4 .86
15 (0.31) 0.19 5.4
%g 27.3 3096 19.61 3.77 825 0.54 (8.1;3)
37 213 3357 2335 146 295 1.52 ’
Oct. 6 0 279 2834 1746 4.47 97.0 0.32 18.51 81 7.3 — - 21. .303 16.5 11.0 —
5 219 2850 17.58 4.41 95.7 0.32 — 23. 10 15
Sta. 98 %g 281 2852 17.53 458 99.8 0.41 — 23.2 .90 .86
%g 27.8  29.06 18.03 4.41 96.1 0.40 B '
37 264 31.08 1998 355 76.5 0.71
Oct. 21 0 28.0© 27.09 16.49 — — 0.42 15.72 93 3.2 0.37 10.71 — — 10.0 4.0 —
5 28.0 2711 16.51 4.39 946 0.36 0.29 79. 17 .43
Sta. 99 10 28.0Y 2777 17.00 4.39 950 0.40 0.29 — .65
15 0.37 25
20 2811 29.24 1857 2.26 49.3 0.18 0.37)
25 0.36
37 31.48 1.95 0.72
Nov. 4 0 280 262 1587 4.69 100.4 0.60 25.87 144 9.8 0.31 8.33 25, .328 12. 11 —
5 280 2616 1580 461 985 0.53 0.31 31. .14 15
Sta.100 10 28.0 26.46 16.02 4.65 99.8 0.53 0.35 13. .87 .86
15 (0.44) (0.33) 15.
20 28.0 28.37 1745 457 994 0.36 (0.30)
25 0.26
37 —  30.99 — 306 — 1.22
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APPENDIX B—(Continued)’

Inorganic Too-  Net phyto- Carbon fixed Transparency  Sun & Sky
Date Depth Temp.  Sal. ot Oxygen phosphate* plankton  plankton  Chlorephyll &* at Tabega* Station  Taboga radiation®
m °C 9/c0 ml/L % Sat. «g.at/L mg.at/m2 ml/1000m> mi/m3>  mg/m3 mg/m2> mg/m3/day g/m2/day ly/day
Fosfato loo-  Fitoplancton Fijacidn de carbono Transparencia Radiacién Sol y
Fecha Prof. Temp.  Sal. gt Oxigeno Inorgénico* plancton nete Clorofila 2* en Taboga® Estacion Tahoga Firmamento®
m °C 9/00 mi/L % Saf. rgat/lL mg.at/m2 mi/1000m3> mi/m3  mg/m> mg/m> mg/m3/dia g/m2/dia ly/dia
Nov. 18 0 280 27.09 16.49 4.72 101.7 0.53 22.89 26 5.7 0.40 7.54 19. 193 D 8. 7 23012
5 280 27.08 16.49 4.72 101.7 0.47 0.32 16. k 21 .24
Sta. 101 10 281 2767 16.87 4.70 101.7 0.46 0.32 9.7 T 81 79
15 (28.18) (0.42) (0.30) 8.0
%g 28.0 28.76 17.74 4.73 102.8 0.40 (g.%)
37 26.6 3133 18.00 272 59.0 1.01 ’
Dec. 2 0 282 2910 17.93 4.95 108.3 0.43 31.24 — 37.9 0.36 11.11 25, .335 12. 10 290
5 282 2914 1796 4.79 104.8 0.32 0.30 19. 14 17
Sta. 102 10 28.2 29.22 1802 4.82 105.7 0.35 0.30 14. .87 .84
15 (29.70) 0.37) 0.42 22.
%g 27.4 3040 19.16 4.40 96.1 0.44 (8.3:3)
37 25.0 3225 21.29 1.99 422 1.83 '
1959
Jan. 2 0 278 2862 1770 4.91 106.5 0.44 29.6 75 — 020 5.16 27. .263 15. 9. 37218
5 217 2859 1771 4.82 1046  (0.50)% 0.19 19. a1 .19
Sta. 103 10 277 2881 17.87 4.77 103.5 0.54 0.18 14. .90 .83
15 (29.45) (0.55) 0.21 13.
20 27.0 30.100 19.06 4.79 103.7 0.56
25 0.34
37 26.0 3181 2065 335 722 1.32
Jan. 13 0 254 318 208 471 100.6 0.33 44.6 380 20.8 0.36 11.39 180. 125 9. 5, 509
5 253 31.78 20.85 4.84 103.4 0.31 0.40 26. 19 .34
Sta.104 10 249  30.80 20.23 4.85 101.9 0.26 0.43) 24, .83 1
15 (32.10) (0.60) (0.47) 17.
20 21.0 3319 2314 268 53.7 1.31
25 0.55
37 197 3378 23.93 160 314 2.00
Jan. 28 0 2695 3218 20.65 4.48 98.0 0.73 36.7 369 6.8 0.08 2.53 10. .160 18. 9. 515
5 26.85 3216 20.67 4.44 97.2 0.70 0.06 13. .09 .19
Sta. 105 10  26.7% 32.20 20.73 4.46 97.4 0.70 0.13 8.1 .91 .83
15 (32.30) (0.71) 0.08 12
20 25.9% 3234 21.08 3.70 79.7 0.74
25 0.14
37 2385 328 2171 179 375 1.53
Mar. 6 0 237 3407 23.05 4.92 103.6 0.65 38.9 684 1.0 0.43 5.70 37. .528 12.5 6.5 463
5 234 34.05 2312 473 992 0.62 0.10 40. 14 .26
Sta.106 10 221 3413 23.22 4.80 98.6 0.63 0.24 38. .87 7
15 (34.30) 0.82) 0.24 11
20 205 3445 24.23 3.71 742 1.1
25 0.15

37 19.5 34.45 2449 255 50.1 1.38
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APPENDIX B—(Continued)

Inorganic TLoo- Carbon fixed Transparency  Sun & Sky
Date Depth  Temp. Oxygen phosphate* plankton at Taboga* Station  Taboga radiation*
°C mi/L % Sat. «qg.at/L mg.at/m2 ml/1000m3 mi/m3> mg/m3 mg/m2 mg/m3/day g/m2/day ly/day
Fosfato Too- Fijacién de carbono Transparencia Radiacién Sol y
Fecha Temp. Oxigeno Inorgéanico* plancton en Taboga* Estacion  Taboga Firmamento™
°C ml/L % Sat.  uqg.at/L mg.at/m2 ml/1000m3 mi/m3 mg/m3/dia g/m2/dia ly/dia
Mar. 19 22.3 6.78 140.1 76.4 81 69. 1.295 6.0 5.0 589
21.5 6.62 134.6 180. .28 .34
Sta. 107 19.2 2.94 57.4 % .76 71
17.9 147 281 '
17.3 0.82 15.3
Apr. 7 24.4 4.96 106.0 46.6 267 110. 1.270 12. 10. 545
24.1 5.21 110.4 79. .14 17
Sta. 108 24.0 5.12 108.5 gg. 87 .84
21.7 471 9.3 )
20.0 1.38  27.4
Apr. 21 28.2 4.88 109.4 26.0 217 52. .465 9. 10. 621
28.0 296 66.2 35. .19 a7
Sta. 109 27.8 3.01 67.2 5?9 .83 .84
26.4 477 104.6 ’
24.3 252 535
May 6 27.4 5.16 113.9 33.3 430 51. .540 10.5 6.0 221
21.4 5.09 112.4 37. .16 .28
Sta. 110 27.2 5.19 114.6 %g .85 .76
24.6 4.04 858 '
23.2 316 658
May 20 28.0 4.72 105.8 29.8 117 43, .562° 11.5 6.0 413
27.8 472 105.6 30. 15 .28
Sta. 111 27.4 4.86 108.0 40. .86 .16
24.5 3.70 78.7
20.6 111 223
June 3 28.3 4.59 102.4 15.5 229 3.5 .282 15.0 8.0 410
28.0 3.42 1758 29. 11 21
Sta. 112 27.1 201 45.0 2%0 .90 .81
27.1 4.54 100.2 ’
26.1 3.53 176.2
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GOLFO DE PANAMA 109

NOTES

* Inorganic phosphate—mg.at/m?: to depth of 40 m.

* Chlorophyll ~—mg/m®: to depth of 25 m.

* Carbon fixed—g/m?/day,,: to depth of 15 m.

Sun & Sky radiation:

Nov, 29, 1954 - Aug. 31, 1956 at Albrook Air Force Base, C. Z.
Oct. 19, 1956 - Oct. 15, 1958 at Curundu, C. Z.
Oct. 24, 1958 - Dec. 31, 1958 at Las Cruces, C. Z.
Jan. 1, 1959 - June 3, 1959 at Corozal, C. Z.

SUPERSCRIPTS

1. Chlorinity values for these salinities were obtained with a Jacob burette which is graduated
in 0.05 and has no certificate. The other salinities were obtained with the *“FAO’ Richter and
Wiese burette which is graduated in 0.01 and has a certificate (the error never exceeds =+0.01).

2. A ‘“‘jelly-like’’ material did not permit the plankton to settle so that the readings are higher
than the actual phytgplankton volumes.

3. Tow was made Feb. 27 with a new net as the net on Feb. 21 was torn.

4. A piece of No. 200 plankton netting was stretched across the net mouth in an attempt to reduce
the amount of ‘‘jelly-like’’ material collected. This was only partially effective.

5. This station was made about 3 or 4 miles west of the usual locality.

6. Surface tow only because of winch failure.

7. Oblique only from 50 m. wire out to 40 m. wire out: the rest of the tow was hauled in vertically
by hand because of winch failure.

8. Light measured at Curundu from this time on.

9. Vertical distribution curve extrapolated.

10. BT not functioning properly. Bucket temperature used for these three depths as the BT did
show them to be isothermal.

11. BT not functioning properly. This temperature was from the reversing thermometer.

12. Light measured at Las Cruces from this time on.

13. Light measured at Corozal from this time on,

14. The value actually measured was 0.99 pg.at.P/L., which was so unusually high compared to
the adjacent samples that the sample is thought to have been contaminated and therefore was
not used. The value shown was cbtained by interpolation.

15. Temperature taken January 30.

16. The zooplankton was strained out before measuring.

17. Phytoplankton haul from 35 m.

NOTAS

* Fosfato inorganico—meg.at/m?2: hasta la profundidad de 40 metros.
* Clorofila «—mg/m?2: hasta la profundidad de 25 metros. .
* Fijacién de carbono—g/m?*/dia,,: hasta la profundidad de 15 metros.

Radiacion del sol y del firmamento:
nov. 29, 1954 - agosto 31, 1956 en la Base Aérea de Albrook, Z. del C.
oct. 19, 1956 - oct. 15, 1958 en Curundu, Z. del C.
oct. 24, 1958 - dic. 31, 1958 en Las Cruces, Z. del C.
enero 1, 1959 - jun. 3, 1959 en Corozal, Z. del C.

SOBREESCRITOS

1. Los valores de clorinidad correspondientes a estas salinidades, fueron obtenidos con una probeta
de Jacob, que esta graduada en 0.05 v no tiene certificado. Las otras salinidades fueron
obtenidas con la probeta de Richter y Wiese ‘““FAO", que estd graduada en 0.01 y tiene cer-
tificado. (Los errores nunca sobrepasan de +0.01).

2. Un material gelatinoso no permitié asentarse al plancton, por lo que las lecturas son mas altas
que los volumenes actuales de fitoplancton.

3. gl ?rgastre fué hecho el 27 de febrero con una red nueva, ya que la anterior se rompi6 el 21
e febrero.

. La boca de la red fué cubierta con un tejido de red No. 200 usado para la recoleccion de
plancton, en el intento de reducir la cantidad del material gelatinoso recogido. Esto fué
electivo solo parcialmente.

5. Esta estacion fué localizada unas 3 6 4 millas al oeste de la localidad comun.

6. Solo se hizo un arrastre superficial debido a.una falla mecénica,

7. S6lo se hizo un arrastre oblicuo de 50 m. a 40 m, de alambre desenrollado, el resto del arrastre

8

'

se efectu6 verticalmente a mano, debido a una falla mecanica.
. La luz fué medida en Curundu de este tiempo en adelante.
9. Fué extrapolada la curva de la distribucién vertical.

10. E1 BT no funcioné debidamente. La temperatura del agua sacada con cubo de estas tres
profundidades demostré evidentemente, como el BT, que era isotermal.

11. E1 BT no funcion6é debidamente. Esta temperatura se obtuvo con el termémetro reversible.

12. La luz fué medida en Las Cruces de este tiempo en adelante.

13. La luz fué medida en Corozal de este tiempo en adelante.

14. El valor fué exactamente de 0.99 ug. a P/L., y siendo tan desacostumbradamente alto, comparado
con las muestras adyacentes, se consideré que la muestra habia sido contaminada, por lo que
no se usd. EI valor indicado fué obtenido por interpolacién.

15. La temperatura fué tomada el 30 de enero.

16. El zooplancton fué colado antes de medirlo.

17. Arrastre desde 35 m. para la obtencién de fitoplancton,





