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INTRODUCTION

The interests of the Inter-American Tropical Tuna Commission in the hy-
drography and biology of the Gulf of Panama have been adequately stated in
the Commission's Bulletin series (Forsbergh, 1963; Howard, 19543 Howard and
Landa, 1958; Peterson, 19613 Schaefer, 1953; Schaefer and Bishop, 19583 Schae-
fer, Bishop and Howard, 1958). The present report deals with data collected
on 10 surveys made by Tuna Commission personnel for the purpose of describing
seasonal upwelling by means of a study of the temperature structure of the
Gulf of Panama, and a comparison of the thermal pattern during the dry, up-
welling season (January to April) with that of the rainy season (May to Decem-
ber). Considerations of upwelling in the Gulf have been shown to be of inter-
est and of probable biological consequence by Schaefer (1957) and by Simpson

(1959).

*This study was in part supported by Atomic Energy Commission Contract AT (11-1)-
34 Project 99 with the Institute of Marine Resources of the University of
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Fleming (1935) described two areas of upwelling, one in Panama Bay and
one to the southeast of the Archipelago de las Perlas. He estimated that
the upwelled water replaces 40 m of surface water during the season, but
later (1940) he revised this estimate to 75 m. Schaefer (1957) and Schaefer,
Bishop and Howard (1958) estimated that the water upwelled at least 50 and
40 m, respectively. Forsbergh (1963) found an average of 78 m of water re-
placed by upwelling during the January to April dry season in Panama Bay and
at the head of the Gulf.

The rate of upwelling can be calculated by the time change with depth of
the isotherms. However, the time intervals between the surveys considered
here are not such that this is possible. The shorter time interval between
observations at the Commission's permanent station makes those data more prop-
erly adaptable to this calculation, and for such, one is referred to Forsbergh
(1963).

It would also be of interest to compare other hydrographic and biological
features with upwelling. This has been done by Forsbergh (1963). It is
therefore suggested that simultaneous reference to that paper will increase the
value of this report. One also is referred to the paper by Wooster (1959) for
a general discussion of the oceanography of the Gulf of Panama and the Panama
Bight.

METHODS

The data used in this report were collected over the period 1955 to 1959.
Temperature was measured by means of a bathythermograph (BT). Readings were
corrected at the surface with a bucket thermometer and at 20 m with a reversing
thermometer. The bathythermograms were processed by the BT Section of the
University of California, San Diego, Scripps Institution of Oceanography. [Copies
of the bathythermograms are available at the National Oceanographic Data Cen-
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ter, Washington, D.C.]. The temperature distributions at 0, 10, 25, 50 and
75 m at the time of the surveys are illustrated in Figures 2-47. The loca-
tions of stations occupied during each of the 10 surveys are indicated on the
surface temperature charts by dots. Figure 1 illustrates the bathymetry of
the region, and Figure 48 shows the deviations of mean monthly temperatures
at Neos Island, Canal Zone, from the long-term monthly mean. Data for the

last figure were taken from Coast and Geodetic Survey Publication 31-3 (1962).

COMMENTS ON, AND INTERPRETATION OF, THE FIGURES
Bathymetry. Figure 1
The Gulf of Panama is a shoal area less than 200 m deep. The Las Perlas
Islands lie within the Gulf, east of its center. To the west of these islands
the bottom contours penetrate farthest northward, so that the thalweg lies in
a shallow trough directed toward the head of the Bay of Panama.

Survey #l, 20-22 March 1955, Fiqures 2-6

The waters ranged in temperature from 21° to 26°C at the surface, and be-
low 25 m temperatures were between 14° and 19°C., The strongest northerly wind:
for the year were recorded during this month and sea level was lowest. The
surface temperature was the lowest over a greater portion of the Gulf of Pana-
ma during this period than during any other observational period considered
here. This cold pattern coincides with the observations of Bennett (1963) who
noted that 1955 was an exceptionally cold period in the Eastern Tropical Pac-
ific. The greater cold anomaly is also noticeable in Figure 48,

The isotherm pattern is consistent with strong upwelling at the head of
the Gulf (Bay of Panama) and perhaps off San Miguel Bay. The latter location
is noted tentatively because of the lack of other upwelling indices and the
possibility that the low temperatures recorded off that bay may simply be the
result of an influx of cooler river water into the Gulf. At depths of S0 and

75 m, maximum penetration of cool water is on the west side of the Gulf, alona



the trough in the bottom.

Survey #2, 27-29 July 1955. Figures 7-10.

The waters of the Gulf warmed considerably since March, and were greater
than 27°C at the surface and warmer than 18° at 50 m. It is evident that the
coldest water reached farthest into the Gulf along the trough in the westerm
side. The isotherm pattern can be interpreted as indicative of a general
counterclockwise circulation near the surface, as was reported by Wooster (1959).

Survey #3, 28-30 November 1955, Figures 11-14.

Warm water still persisted throughout the Gulf of Panama at the time of
this survey. Warming progressed so that the temperatures at 50 m were in the
0 ,,0 o ..0 .
range of 197-24"C, compared to 15 -16 in March.

Survey #4, 5-6 April 1956. Figures 15-17.

The area west of the Archipelago de las Perlas was cooler than that to
the east of these islands due to upwelling of cooler waters at the Bay of Pa-
nama. The period in which this cruise was made followed the time of strongest
northerly winds of the season. A second location of upwelling is indicated
near San Miguel Bay.

The '"'double' upwelling period reported by Schaefer, Bishop and Howard
(1958) and by Forsbergh (1963) is not reflected in the present data, because
of the short time over which these observations were made.

Survey #5, 4-5 September 1956. Figures 18-22.

Temperatures in the upper 10 m over most of the Gulf were at least 28°b
at the time of this survey. In the 25-50 m depth range, temperatures had
warmed to 18—27°C, and were 15-16°C at 75 m. The cold water entering along
the deepest portion of the Gulf is indicated by the isotherm patterns at 350
and 75 m. One also notes that the warm water reached greater depths in the

eastern half of the Gulf.



Survey #6, 17-20 March 1957. Figures 23-27,

Temperatures at this time ranged from 21°-26°C at the surface, and were
coolest offshore. The isotherms at 10 and 25 m show upwelling with the cool-
est water near the head of Panama Bay and near the Bay of San Miguel. Warm
waters persisted offshore and to the south. The upwelling was supplied with
cool water entering along the trough west of the Las Perlas Islands.

Survey #7, 10-12 July 1957, Figqures 28-32.

The waters were warmer than 27°C over most of the Gulf to depths of about
25 m, and were about 19° or warmer to all depths recorded. This, then, is the
warmest period encountered in these surveys.

Survey #8, 7-8 November 1957, Figures 33-37.

Warm temperatures still prevailed over most of the Gulf of Panama at this
time, but the recorded values are 1°-3° cooler than at the time of the previ-
ous survey., A warm water tongue was present above 25 m, while warmest waters
at 50 m appeared in an area centered southwest of the Las Perlas Islands. The
isotherm pattern is consistent with the usual current pattern of counterclock-
wise flow through the Gulf, near the surface.

Survey #9, 18-21 March 1958. Figures 38-42,

The Gulf water was cool at the time of this survey but,according to data
included in Forsbergh's paper,was not minimal for the season. The isotherms
suggest a southward flow of upwelled water at the surface out of the Bay of
Panama. This flow is evident to at least 25 m, with cool water present in the
center of the Gulf and warm water on each side. The southward current seems
more evident than at the times of the previous surveys, and may be a conse-
quence of El Nifio conditions prevailing at the time. At depths of 50 and 75 m,
the isotherms indicate a transport into the Gulf in the western side toward

its head.



Survey #10, 10-13 April 1959. Figures 43-47,

The usual upwelling pattern is evident at this time. There were flows -
of cool upwelled water out of the Bay of Panama and the Bay of San Miguel.
The southward flow of surface waters is noted to include only those waters
above 10 m. The isotherm patterns at 50 and 75 m indicate an inflow of cool

water along the trough in the west side of the Gulf.

SUMMARY

Upwelling is evident from the temperature distributions during surveys
made in March 1955, April 1956, March 1957 and 1958, and April 1959. The iso-
therm patterns indicate a southward flow of upwelled water at the surface out
of the Bay of Panama and perhaps also out of San Miguel Bay in the eastern
side of the Gulf. Cool water apparently enters the Gulf along and above a
trough in the western side, about half-way between the western coast of Panama
and the Archipelago de Las Perlas., This inflow is present during times of
upwelling as well as during times when warm water is present throughout the
area. In a few instances, the pattern of isotherms indicates a general
counterclockwise circulation at and near the surface.

The figures indicate that water is upwelled from depths of at least 50 m,
which is in general agreement with published estimates of 35-75 m.

The data also are consistent with published interpretations for the
period surveyed regarding the general conditions in the Eastern Tropical
Pacific. These, briefly, are that 1955 was colder than usual; 1956 was
cool, but near the long-term means of temperature and other hydrographic
conditions; 1957 and 1958 were unusually warm (the warmest surface waters
were recorded in July 1957); and 1959 showed a return from the warm
situation to one more near the long-term mean.
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FIGURES

FIGURE 1. Bathymetry of the Gulf of Panama. After H. O. 1019,
FIGURE 2, Temperature distribution at the surface, 20-22 March 195
L] " ”

FIGURE 3. 10 m, " " "
FIGURE 4. " " " 25 m, " " "
FIGURE 5, " " " 50 m, " " "
FIGURE 6. " " " 75 m, " " "
FIGURE 7, " " at the surface, 27-29 July 1955
FIGURE 8. " " " 10 m, " " "
FIGURE 9. " " " 25 m, " " "
FIGURE 10. " " " 50 m, " v "
FIGURE 11, " " at the surface, 28-30 November 1955
FIGURE 12, " " " 10m, " " "
FIGURE 13. " " " 25 m, " " "
FIGURE 14, " " " 50 m, " " "
FIGURE 15. " " at the surface, 5-6 April 1956
FIGURE 16. " " " 10 m, " " "
FIGURE 17. " » 25 m, " " "
FIGURE 18, " " dt the surface, 4-6 September 1956
FIGURE 19. " L] " 10 m, " " L]
FIGURE 20. " " " 25m, " " "
FIGURE 21. " " " 50 m, " "
FIGURE 22, " " " 75 m, " "
FIGURE 23. " " at the surface, 17-20 March 1957
FIGURE 24, " " * 10 m, " " "
FIGURE 25, " " " 25m, . " " "
FIGURE 26. " " " 50 m, " " "
FIGURE 27. " " " 75 m, " " "
FIGURE 28, " " at the surface, 10-12 July 1957
FIGURE 29. ” ” L] 10 m, ] ] ”
FIGURE 30. " " " 2% m, " " "
FIGURE 31. " " " 50 m, " " "
FIGURE 32. " " " 75 m, " " "
FIGURE 33. . " at the surface, 7-8 November 1957
FIGURE 34, " " " 10m, " " "
FIGURE 35, " " " 25m, " " "
FIGURE 36. " " * 50 m, . " "
FIGURE 37. " " " 75 m, * " ”
FIGURE 38. " " at the surface, 18-21 March 1958
FIGURE 39. " " * 10 m, " " "
FIGURE 40. " " " 25 m, " " "
FIGURE 41. " . " 50 m, " " "
FIGURE 42. " " " 75 m, w " "



FIGURE 43, Temperature distribution at the surface, 10-13 April 19%
"

FIGURE 44, " " 10 m, " " "
FIGURE 45. " " " 25 m, " " .
FIGURE 46. " " " 50 m, " " "
FIGURE 47, " " " 75 m, " " "

FIGURE 48, Deviations from long-term monthly mean temperatures at Naos
Island Canal Zone, 1955-19%9,



78°

15

30'

45'

79°

15

30°

45'

80°

15'

30'

78°

15

30'

45'

79°

)

30'

45'

80°

15

30’

o n © n p n © n
o < " - @ < " -
] [ [ I [ | | |
/7 )
/ / / r
\.\\ r~ i \\\V \\\ _
o\ - - (,~7 \
/ Pt \\ e \.I\\\u..”// \
7 S~ S )
\ \ \V — W/l/.<A/\J \ \\
/ \\ ) w f5.ll:J / __ {
/i 2 N7 | _
I L ) eyl / |
Ay / 4P L. / /
O N .
AL LN Y /
{ / ~\ N RN VV / —
S e M
[N o~ _ 5
/ I 5 m // \ Al (o
\ — > 0O / _ w bl
\ | B¢ \ \ ( L
Vol T d N N
\ PO \ \ o
v8 \ R \
- // \ \ ,
\
[«] KY W ™~ AN \ ’
E 2\ % AN o N €\
e \ N // AN W\
S \ 2 ~ 0D ZAN
a AN /// N // N
Ne— NN N
SN N N ~ \
>~ NN ~ N
N @ S~
\ N Yo\
\ R NN o~
\ €\ .w;// N S
@/ ,MV/ N
AN
oN / N \\\\ -
\ \ N vy
\ ~ vy
\ ~
\ \ ~—_" \\\\
NN P
\ / e P
\ s
\ \ -~
] //l.\\\\
{ v
// e
| 1 | ] | | L |
o -.5 lnv 05 o ..5 |O l.hu
o < " - © g " -



ge

30’

ge

30’

7°

30'

80°

30

79°

30'

78°

C. MALA

PANAMA

Q

Figure 2

' l

March 1955 - Surface

AB.PINAS

—ige

——80

30'

80°

30

79°

78°




90

ge°

7°

ge

80

7°

30' 80° 30' 79° 30’ 78°
I ! ] 1 1 | i I l T T ] { T
March 1955 - 10 meters 7
PANAMA ]
) .
a ,
20
7 2 7]
<19 s R
20 A
I > .
21
N a
>22 > 23 -
22 |
<19
22
20 21
B.PINAS
C. MALA -
Figure 3
1 1 1 | L ! ! ! | ! ) | ! i
30" 80° 30 79° 30' 78°




79°

30’ 80° 30 30’ 78°
T 1 [ 1 1 T { ] T T ‘ 1 4
March 1955 - 25 meters -
9° PANAMA -9
Q.
i
k-]
-
30' % " p =130’
5
¢, .
. &
17 7
80 .—-89
18 19
17 -
nB. PINAS
30’ C. MALA ~30'
-
Figure 4
| 7e —7e
i l 1 l } 1 ] | I [ 1 l 1 i
3y 80° 30 79° 30' 78°




' 80°

30 30' 790 30. 780
1 T 1 1 1 [ I 1 i i [ i 1 T 1 1 l T 1
March 1955 - 50 meters 7
9° PANAMA —s°
d -
Q&
o
»
o
3¢ 0& "1" \; —30"
» ) )
<i{5 -
>16
8 16 —8°
15
g~B. PINAS
30’ C. MALA =30’
Figure 5
7° —_7°
{ 1 | ] 1 L 1 | | { l [ 1 { 1 L { 1 4
30 80° 30 79° 30 78°




8L 0¢ oS4 Ko} 208 0¢€
LI T T | i T I 1 i 1
OF — ‘,— — —
g9 8inbi4
osh VIVA D -
SVNId 8Y)
o8}— —
i

B Sl -

\ AY. < ”@

- ” ‘N O

,0e S 8 ® -

a

L3

-
h)
06— VYNV _
L Siddw G/ - GG61 WION —
— 1 1 1 — 1 1 i | r ] 1. 1
8L 0% 67 0€ 08 OF

ol

o8

.0

26




l ' 3‘0‘ 80° 30 79° 30’ 78°
L 1 I T i T 4 I 1 B H l
July 1955 - Surface
g° PANAMA e°
30' ' ? 30!
;‘)
80 80
B PINAS
30’ C. MALA 30’
Figure 7
7° 7°
| 1 i 1 i * 1 1 I I l 1 1 1 L
30° 80° 30 79° 30 78°




ge

30

g°

30'

7°

30 80°

79°

78°

C. MALA

PANAMA

Figure 8

July 1955 - 10 meters

dnB. PINAS

lge

30

80

301

7°

30 80°

30’

79°

78°




ge

ge

7°

30" 80° 30 79° 30’ 78°
1 ! I ‘ 1 I T T I T T T T ‘
July 1955 - 25 meters 7
PANAMA —lgo
A .
Q.
26 -
O
-]
.
o¢ o ¢ mEY
<N
(\ ——8°
25 26
26
d~B. PINAS
—30'
Figure 9
—7°
! ! | L 1 | | 1 l 1 1 | 1 I
30" 80° 30 79° 30' 78°




ol

o8

0¢

o6

8L 0€ o84 O€ .08 0¢E
_ T T T T _ 7 I i 1 i _ T ™7 1
0} 84nbi4
SUNId '8\
0z
0z 6l
02 6l —_
| G J
/o &
4, M« °
SR » B
v, 3
0
P 8l ~ B
VINVYNVJ e
si3jdw QG - G| Ainp .
_ 1 i i i ~ 1 1 1 J 1 h ] 1 b
282 02 062 0e 208 0¢

ol

<8

08

13




30' 80° 30' . 79° 30' 78°
1 I T I I I [ T 1 1 1
November 1955 - Surface 7
9° PANAMA —Jge
30' '/ ? =130’
)
BO —_— 85
B.PINAS
30' C. MALA —30'
Figure Il
7° 7°
\ ! 1 | ! ! ! | L ! | ! i
30’ 80° 30 79° 30 78°




ge

o

30

70

80°

79°

78°

PANAMA

27

C. MALA

November 1955 - 10 meters -

[y

-

| i I

ge°

30

8°

30'

7°

80°

s

78°




30’ 80° 30 79° 30’ 78°
1 1 1] T r 1 1 I I l T T T I
November 1955 - 25 meters T
9° PANAMA —e°
30' 7 q/ \ dso
)
<24 -
80 a— 80
—
8. PINAS
30° C. MALA —30'
Figure |3
70 —7°
{ 1 1 | 1 A { | 1 I { f | l
30 80° 30 79° 30’ 78
—




30' 80° 20 79° 30 78°
T T ‘ T T T T ‘ T T T ‘ T T
November 1955 - 50 meters 7
9° PANAMA —9°
Q
30" “ > —3¢'
8‘> —89
18
B.PINAS
30 C. MALA —30'
Figure 14
7° _176
1 _ ! i | | 1 1 l | | i 1 i}
30 80° 30' 79° 30' 78°




3'0‘ 80° 30' 79° 30" 78°
T 1 1 1 T T I I I ‘ 1 T I 1 1 ]
April 1956 - Surface .
9° PANAMA —9°
Q.
30' "2 9 =0
8“ en— 80
B.PINAS
30’ C. MALA —30'
Figure 15
7° 7°
[ l | | 1 L I 1 | | I 1 1 1 | | |
30° 80° 30 79° 30 78°




30’ 80°

30

79°

30

78°

' |

— April 1956 - |0 meters
9°— PANAMA 9°
B 7
30~ 2 S ac"
8o — 8°
b
B.PINAS
30'— C. MALA 30'
Figure 16
70— 7°
! ! 1 | | J 1 | | ! l _t 1
30° 80° 30 7o¢ 30 7g°




30 80° 30' 79° 30’ 78°
| i 1 1 I i ¥ T i I l H ]
- April 1956 - 25 meters
gt r— PANAMA 9°
Q.
a
30" ', ‘\ 30'
r‘,
e
80 —— 80
-
B.PINAS
30" C. MALA 30'
Figure |7
70— 7°
L1 ! ] | \ ) { 1 1 | ) ! |
30' 80° 30 79° 30’ 78°




30" 80° 30 79° 20" 78°
T T T T T T T T T l T T T T T l T
September 1956 - Surface 7
9° PANAMA —9°
30' 30
8¢ —g°
B.PINAS
30 C. MALA —30'
Figure 18
7° 7°
{ { { 1 I { [ i { L 1 1 i { | |
307 80° 30 79° 30' 78°
=l




g°

30

ge

30'

70

30' 80°

79°

78°

PANAMA

29

September 1956 — 10 meters

C. MALA

Figure 19

o

B.PINAS

9°

30

80

30'

7°

30' 80°

79°

78°




30' 80° 30' 79° 30' 78°
1 I T 1 1 I T I I T T T 1 L j T
September 1956 - 25 meters -
9° PANAMA —9°
27 .
30’ 1, S z0'
a
6-26 7
8° —{g°
27 -
B.PINAS
30' C. MALA -3¢0’
Figure 20
7° 70
| | 1 1 J 1 | | | l 1 | | 1 | 1
30 80° 30' 79° 30' 78° -




90

ge°

7°

30' 80° 30 79° 30' 78°
L T 4 | 4 1 [ I I T i 1 ‘ T 1 l l i
B September 1956 - 50 meters -
- -t
_ PANAMA —g°
o
- ,z ? —30'
o —
 — ——80
— 19 18 -
20
B.PINAS
— C. MALA —30'
Figure 21
— _T,o
! i 1 1 1 i 1 i 1 | | l 1 1 1 1 f
30 80° 30' 79° 30 78¢




30' 80° 30' 79° 30 78°
I I T 1 1 T T [ 1 ) T T L] ‘ T
September 1956 - 75 meters 7
9° PANAMA —ge
oy -
Q
o
-]
° ,
30" 28 ‘Q, > —30'
))
o
ge° —{g°
B.PINAS
30' C. MALA —30'
Figure 22
7° 7°
{ | | | 1 l 1 | I 1 I | ! 1 § 1
30 80° 30 79° 30' 78° _




30' 80° 30' 79° 30' 78°
H i ] I 1 I I I I l T 1 '
- March 1957 - Surface
9= PANAMA o°
30' */ S 30"
y
}—
80,— 80
B.PINAS
30'— C. MALA 30’
Figure 23
70— 70
] ! | | | J 1 | | | l g ! |
30 80° 30 79° 30" 78°




30' 80° 79° 30 78°
T T T T l T T T T [ T T T [
— March 1957 - 10 meters 7
9= PANAMA 9 20 —e°
%\/\j
30'k 2 > —30'
gop— —ige
B.PINAS
30— C. MALA —30'
Figure 24
70 p— 7°
| ! | 1 J | | | | l | 1 | l
30' 80° 30' 79° 30' 78°
-l




30' 80° 30' 79° 30" 78°
T T T 1 ‘ T T T T [ T T T !
~ March 957 - 25 meters =
9% PANAMA —e°
& 19
30'f ,2 > —130'
a
}- —
8o p— —8°
21
22
23 20
- -
oB.PINAS
30+ C. MALA —30'
Figure 25
70— 7°
| | ! 1 4L | { | | l 1 | 1 [
30’ 80° 30’ 79° 30' 78°




g°

30!

8°

70

{0} 80° 30 79° 20 78°
1 ¥ 1 L 1 T I ¥ i 4 { 1 1 T I 1 1
~ March 1957 - 50 meters =
il PANAMA —ge
Q
- -
- ', > =30’
»
- -
o c— 80
B.PINAS
— C. MALA —30'
— -
Figure 26
L e
! ! ) ! \ \ ! | ) [ ) ! ) | ! i
30 80° 30 79° 30’ 78°




99

ge

70

30' 80° 30' 79° 30' 78°
1 4 1 T T l I 1 I I T l T T L ‘
March 1957 - 75 meters
PANAMA 9°
Q.
4 oO*
-
° W
ol ,./ \ 20'
a5
X Q
| /
| /
| /
| ]
] <16.5 !
\ |
| |
| \\
; \ —®
l N
| N
16.5 N6.s
NB.PINAS
C. MALA 20
Figure 27
70
L L \ ! 1 n L I | ) | ) ) ) |
30' 80° 30' 79° 30' 78°




30' 80° 30' 79° 30' 78°
T T 1 T l T T 1 T l T T ‘
July 1957 - Surface
9° PANAMA 9°
A >29
30° N 20"
N
. *
* L]
8° g°
M L ]
. 28
L ]
B.PINAS
30' C. MALA 30'
Figure 28
7° 7
| ! | | 41 | 1 | | l { | ‘
30' 80° 30' 79° 30' 78°




. 3'0‘ — 80° 30 79° 30 78°
T T r T T T T | T T T T T |
July 1957 - 10 meters 7
9° PANAMA —9°
>29 -
30' ,} > =3¢
Y
8° —1g°
B.PINAS
30' C. MALA =30’
Figure 29
T° 7°
| | | 4 ! I { | ! ! [ { | ! | { [
30 80° 30 79° 30 78°




3'0' ' 80° ' 30' : 79° . : 310' ' : 78°
1 ! ' l I

July 1957 - 25 meters T
9° PANAMA —°°

A -

a ]
o
30' /on 2 \ =30’
@
27 &7 -
28 28

ge —ige

27 —

28
o~B.PINAS
30’ C. MALA —30'
Figure 30
7° —7°
1 ! I | | I L l ! 1 1 { 1 L
30 80° 30 79° 30' 78°




90

ge

30

7

30'

80°

30

79°

78°

C. MALA

PANAMA

Figure 31

I ! l

July 1957 - 50 meters

g°

20’

89

30'

7°

80°

30

79°

g-L_

78°




= 8. I3 6L 0% 208 0%
_ T T T _ T T T T T T T T
ol — ol
2¢ @a4nbiy
0s VIVA O —,0¢
SYNId g
6l
o8B |— — o8
6l
. 61> B
) M o o
el S -
.O f. y ) 6 _Om
, s
-0
~
o6— YWYNVYd —.6
- sidjaw G2 - 266l Ainp -
_ i 1 1 — 1 1 1 1 _ ] 1 i 1
282 0¢ 6 613 208 OF




90

80

7°

30 80° 30' 79° 30' 78°
1] T 1 | 1 1 I I T l 4 L T ] T
November 1957 - Surface 7
PANAMA - 9°
28 _
Q. //
* Q S —30’
. yUTON
L] —
278 < T <283 *
NOT CONTOURABLE . go
*
~B.PINAS
C. MALA —30'
Figure 33
— 7
] 1 1 J | 1 | | 1 | 1 | 1 i
30' 80° 30 79° 30' 78°




g°

30'

ge

30’

70

80°

30 79°

30 78°

C. MALA

PANAMA

~

&

.“-1%‘1.?

*

>

|
<275 l‘ >275

\\--—”

27.5

Figure 34

T L) T T ]

November 1957 - 10 meters

dnB. PINAS

ge°

30’

80

30'

7°

30°

80°

30 79°

30' 78°




30' 79°

30' 80° 30' 78°
I L 1 T 1 ‘ 4 I T T I T L T I I 1
November 1957 - 25 meters 7
9° PANAMA —9°
26
Q
<26
o
% .

Q 3 .

30' l N , =130
/ 4 A
-y /&
8 5 247D 8
/ |
23 —
27
INB.PINAS
30’ C. MALA -30'
Figure 35
7° — 7
| ! I 1 ] N 1 1 1 1 | ] ] 1 | 1
30 80° 30 79° 30' 78°




30" 80° 30 79° 30 78°
] 4 1 1 I i I I ‘ 1 | T I I
= November 1957 - SO meters
9°— PANAMA 9°
Q
b
30' - ', k' 20"
SN
-
80_— 80
-
B.PINAS
30" C. MALA 30’
Figure 36
70— 7°
| ! i | J | ! | | | | 1 1 1
30 80° 30 79° 30 78°




30' BO° 30' 79° 30' 78°
I T T ] i T I T l T ‘ 1 T
November 1957 - 75 meters 7
9° PANAMA —e9°
Q
.S
-1
°
30' q; =30
,4)
15 -
8° —ge
8. PINAS
30’ C. MALA —{30'
_(
Figure 37
7° —_— 70
I ! ! 1 ! I 1 ! | L | ! i
30 80° 30' 79° 30' 78°




9°

ge

7o

80°

79°

78°

C. MALA

PANAMA

Figure 38

=

o]

March 1958 - Surface

\ \
A,

B.PINAS

80°

78°

g°

89

70




30' 80° 30' 79° 30" 78°
7 T T T T T T T Y T T | T T
March 1958 - 10 meters
9° PANAMA 9°
24 X
\ ”
23
4 24 d
25 s <24 25 .
30' 4 26 ol ? 30
a
8° 80
26
24
27 26 25 24
B.PINAS
30 C. MALA 30'
Figure 39
7° 7°
| { I 1 1 | | [ l 1 | 1 L 1
30" 80° 30 79° 30’ 78° .




30' 80° 30 79° 30' 78°
T T T T T 1 T I T T l T L ‘ T T
March 1958 - 25 meters ]
9° —.90
30' ,./ \\' —z0'
)
a
25
>25
26 24 4
g° —ig°
27
23
>27
21 .
ONB. PINAS
30° C. MALA —30'
Figure 40
7° — 2.}
{ ! A ) ) | ! 1 1 ! 1 ! ! ] ! i
30" 80° 30 79 30' 78° _




30' 80° 30' 79° 30 78°
T T T T i T T T T T l T T T T I
March 1958 - 50 meters =
9° PANAMA —°°
Q L ]
30' ‘ 2 A\ a0
8° —8°
21
7 '8 B.PINAS
30' C. MALA —30'
Figure 41
70 —7°
| ! | | | | | | | I | | | |
30 80° 30 79° 30 78°




30’ 80° 30' 79° 30" 78°
T 1 T T T T T T L l T [ T !
o March 1958 - 75 meters 7
9°f— PANAMA —°°
Q
7 Oe
-1
° D
30"+ o8 . 2 2 —130'
8o f— —{g°
16
B.PINAS
30'— C. MALA —30'
Figure 42
70— —7°
] 1 ] 1 | ! 1 ! ! 1 | 1 ! ] i
30 80° 30 79° 30' 78° |




ge°

ge

7°

30

80°

30

79°

30'

78°

Figure 43

! I L

Aprit 1959 - Surface

{ /

26 25 <25

>26 ,

L

l

B.PINAS

g°

8°

30'

70

30'

80°

79°

78°

1]




30 80° 30 79° 30 78°

T 4 T ¥ i j I I I I i l T L] T ¥ 4 [ 1 I
April 1959 -~ 10 meters 7]

PANAMA

25

InB. PINAS
C. MALA -

Figure 44

30 80° 30 79° 30' 78°

—80




80° 30 79° 30' 78°

1 [ i I 4 I 1 l T T T I 1 [ T T

April 1959 - 25 meters -

PANAMA

30!

ge

7°

Figure 45

o,

80




30'

80°

30

79°

30

78°

T T T I T T T T | T T 1 ' !
- April 1959 - 50 meters 7
9°— PANAMA —°°
Q
30" ., —30'
Sy
80.—_ —8°
L -
o~B.PINAS
30 C. MALA —30'
Figure 46
70— —7°
! L 1 1 ! L l 1 ! | ! i
30 80° 30 79° 30' 78°




20 80° 30 79° 30 78°

I 1 1 1 T T T T T I I T T T I 1 I T 1

April 1959 - 75 meters 7

PANAMA
, -
a 2
g § _
r’/ (
)
a
B.PINAS
C. MALA —
Figure 47
| ! i { 1 J { | { { { l 1 1 | | ! | §

30 80° 30 79° 20’ 78°




T°F

724

704

1

COOLER THAN MEAN MONTHLY TEMPERATURE
WARMER THAN MEAN MONTHLY TEMPERATURE

TIME OF TEMPERATURE SURVEYS

Figure 48




COOLER THAN MEAN MONTHLY TEMPERATURE

WARMER THAN MEAN MONTHLY TEMPERATURE

{ TIME OF TEMPERATURE SURVEYS

Figure 48




