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ABSTRALY

On 7 and 8 July 1983, a 28 hr study was conducted in Joyuda
Lauoon. Dissolved oxygen, temperature and salinity measurementis were
Leren at two nr intervals from severn regions within the lagoon and from
cre station within the channel, connzcting the lagoon to the Guanajibo
Crennel.  Unlike studies conducted in November and February, Jovuda
Lanoon was found to have a north-scuth gradient for the study parameters.
Primary production within the Tagoon water column appears sufficient to
mcet plankteonic respiratory and carbon reguirements. The volume of
weter exchargad between the lagoon and the Guarajibo Channel was
aravinately egual, but the tota! volume of water flowing into the
teocon was nsignificant in relation to its volume. Over an extended
serind ot time Joyuda lLagoon may enrich the surrounding coastal waters.

lankton grazing appears to be significant in the lagoon.
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INTROLUCT ION
voyuda Lagoen s currently the subject of a series of studies
which are altewsiing Lo determine how a tropical Tlagoon ecosystem
functions. As one part in this ¢ffert, this study examines the level
ot clankignic primary preduction in Joyuda Lagoon during one event in
the velatively wot sesson of July. In particular, it attempts to
doternine 1) whether this preduction is subsidized from the surrounding

.

envivonmernt; ?) the sianificance and effect of coastal exchange and

~bwnatere the spatial and temporal patterns of production in the tagoon

3

mdownat are the ynderlying agents controlling these na*terns.




GESERIPTTION OF STUDY ARER

Joyuda Legoon 7s lvcated in an area classified as a Subtyropical

id Torest (DR, 1978-79). It i< found on the west coast of Cuerto

‘oo oapproxirately 5omiles south of Mayaquez at Lat. 18'09"N, Long.

FETR

W (Pesante. 1978 (Figure T). It is approximately 1.6 km long.
8 kmowide, with a surface arce of 121 hectares. The mean cepth

N

CLooomy withoa maxirum depth of approximately 4 m (Garcia, 1981

icura 11). A 15 to 20 meter band of mangroves {DRN, 1978-79} horders

uf the Yauoon (Pesante, 1378} the red mangrove Rhizophora mangle,

s

wdominates bul black mangroves, Avicenia nitida, and white mangroves,

taris vecsrosa are alse found (Garcia, 1981).
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MATERIALS ML ML THODS

rield Procecdure

During the 28 hr event on 7 and 8 July 1983, measurements of selecied
evyironmental parameters were taken every two hours from the 6 regions
ard 2 stations {0 and 3) indicated in Figure Il. The regions and stations
were chosen bhecause of data coilectad in earlier studies at these lecations.
S.riqc all region and station occupations, messurements of dissolved
axygen [D.0L), temperature, salinity, and a sounding with a secchi disk
sware Laken,

L tewnsvature compenstated D.0. meter was used for taking D.O.
seasovapents {Y.S.I. Model 57, accuracy of +0.1 ppm). A thermistor
‘v.5.!. %pdel 57, accuracy of t0.7°C) was used for temperature measurements
and an inductior salinometer {Y.S.I. Model 33, accuracy of +0.7 ppt)
was used for measuring salinity. Where the water column was greater
thar 0.5 m twe replicate measurements for these parameters were taken

at 0.25 m from the surface and at 0.25 m from the bottom. If the water

column was jess than or equal to 0.5 m {only at station 0}, measurements
wore only taken 0.25 m from the surface.

wind velocity {measured with a hand-held Dwyer Wind Meter) and wind
~irection (determined using a Saura HB-650 Compass) measurements were taken

wrouchout the event, except within the channel, station G, where the

mengroves 1imit the ability to take accurate measurements. Secchi disk
resc¢ings were taken beftween the hours of 0600 and 1800; cloud cover for
the entire ‘agoon was also estimated during daylight hours.

¥ean flow within the entrance channel, station 0, was determined

from five measurements across the channel (with « Kahn 005WAZ200 Flow Meter




90% confidence of 0.17 w/rev +0.037%) taken at 0.€ depth for 60 seconds.

At the deepest spot in the channel, wmeasurements were also taken at 0.2
denth znd 0.8 depth so that average discharce could be better calculated
‘LinsTay, et. al., 1975). Three complete ebbs and one flood Cross

secticnal cnannel flow profile weve determined during the course of the
study. 1If e covplete flow was not taken during the cycle then a spot

flow check was taken at 0.6 depth ir the deepest area. In this case, a
mintnum of two 60 second replicate samples were determined during the cycle.
“hlovophyll cemples were taken during eight cycles at station 3. A

vertical Niskin sampling bottle (Model 1010-1.2 to 40L). with its mid-

20int designatad as the sampler's depth in the water, was used to coilect

Lo
PR

water samples from the middle of the water column. Between two and

Tour 135 m] sampies were collected during each cycle. One ml of MgCO03

«as added to the samples after filtering. After filtering, the glass micro-
fiber GF/C filters (Whatman 4.25 c¢m) were stored in aluminum foil wrapped
bottles and placed in a cooler with an ice-brine solution until they could

oe placed in a freezer (maximum time was 8 hours later) (Standard Methods,

1975).

Laboratory Procedure

Chlorophyll concentrations in the samples were determined by the

Tiuorometric method after a 24 hr extraction with acetone {Standard Methods,

1975).
statistical Analysis

Station, time, depth, and the specific interaction effects for these
naraveilers were analyzed for using analyses of variance technigues. Where

there were indications of non-normal distribution: or heterogeneous variance,




a Toy Lransformelion was made on the data. When spatial or tomporal
difforences were ubserved SHK testing was used to determine thejr
sceciTic tocations, Explanation of these statistical tests are presented
by Sokal and Roth (1969).

net procuction was determined by counting squares on the regional
craghs of positive {non-transformed) changes in D.0. values versus
time (Figures ITI-IX), and then rultiplving this value by the mean
denth for the region, Respiration was calculated using two times the
negative changes, to account for respiration during times of net productien.
Gress production is the sum of the net production and respiration. The
Trofucticn/respiration ratio was calculated by dividing gross production
sy v=spiration,

Corrections in production and respiration for the gas exchange from
Joyuda Lagoon to the atmosphere are small, 0.2% to 1.0%. relative to
the observed oxygen changes {Tilly, personal communication). Due to
the small size of this correction factor, and because the correction
Tactor is not absolute, this correction was not made for the data.

The regional surface areas and their mean depths were determined

by cutting the areas out from Figure Il and passing them on a Mettler

mavance, Type H6T dig (precision of +0.00005 ¢). Regional volumes

were determined from this information (Table 1).
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TABLE I. Regional Mean Surface freas, Oepths, and Volumes for Joyuda

. Lagoon.

FESTON SURFACE AREA MEAN DEPTH VoL
(m?) (m) (m°)

] 1.16 x 10° 0.5 5.8 x 10°
2 1.80 x 10° 1.7 1.9 x 10°
3 3.36 x 10° 1.7 5.8 x 10°
4 7.02 x 10° 2.0 1.4 x 10°

(5] 5.24 x 10° 1.2 6.5 x 10°
7 4.55 x 10° 0.9 4.3 x 10°
8 3.97 x 10° 0.9 3.6 x 10°
2 1.21 x 10 1.6 x 10°
% 1.3+ 0.3

L5




RESULTS
Previous to the completion of this study a heavy storm occurred
witnin the survey region which undoubtedly influenced the results

oresented here.

Dissolved Oxygen - The mean content of D.0. in the lagoon was
5.59 ppm; mean D.0. saturation was 6.6 ppm (89% saturation). Table

TT

1i presents the significance of the different sampling parameters.

The lagoon was found to have a north-south gradient in oxygen with
regions 7 and 8; station 3; regions 4 and {5-6); and regions 1 and ?
each statistically different (Table III). The magnitude of the mean
non-transformed D.0. differences between these aroupings were 1.00 :

1.10 : 1.14, respectively.

Diel D.0. concentration was found to be Jowest between 0600 and
1000, increasing signﬁficantly at 1200, and reaching its peak at 1400.

It then declined uniformty from 1600 to 0400. July 8th's 0600 and 0800
values wrappe& around July 7th's values (Figure X and Table IV). The
Towest mean D.0. was 4.98 ppm and the highest mean D.0. was 6.52 ppm,

a 23.6% difference.

Mean D.0. was significantly higher, by 2%, at 0.25 m from the surface,
5.%4 ppm, than at 0.25 m from the bottom, 5.84 ppm.

There were significant differences in regional relative mean D.O.
ratios during the event. At different depths there were significant
differences in D.0. among the regicns and there were significant differences
in mean D.0. throughout the day with respect to depth. D.0. alsc varied

significantly within the different regions with respect to time and depth.

16
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TABLE I11. SHK Multiple Comparison Test for Dissolved Oxygen, Temperature,
and Salinity Anmong Regions in Joyuda Lagoon During the Event of
/. and 8 July 1983.

Region Region Region Region Region Region Region

D.0. e 1 (5-6) 3 4 iz
Temperature 1 = 4 = {5-0 = o 2 = 3 = 8
Salinity 4 1 = ¢ = 3 = (5-6) = 7 8

o
<o
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Production and Respiration - Table V presents information on net

production, respiration, gross production, and the gross production to
respiration (P/R) ratio for the different regions. The mean P/R ratio
for the lagoon was 1.9 +0.034 g/mz/day. Region 2 had the highest P/R
value, 2.8 g/mzlday, and region 8 had the Towest value, 1.3 g/mz/day.
Figures I11-IX show that there is a large amount of fluctuation from
the general trends of net production ang resniration.

Temperature - The mean temperature for the lagoon was 28.8 °C.

Table IT presents the significance of the different sampling parameters.
The magnitude of the regional effects was minimal. Region (5-6) had

the lowest mean temperature value, 28.6 °C, and region 8 had the highest
veiue, 28.9 °C. The mean temperature for the lagoon rose in the morning,
peaxing at noon with a value of 30.0 °C. As cloud cover and wind velocity
increased in the afternoon the mean water temperature began its decline
which Jasted throughout the afternoon and evening until 0200 where it
leveled off to its low value of 28.0 °C. At 0800 temperature began
increasing again (Figure XI). Tables 111 and IV provide the regional

and time SNK groupings.

The mean relationships of the temperatures between regions changed
significantly throughout the event. It also changed significantly
threughout the different regions with respect to depth, and with respect
to both time and depth.

Salinity - The mean salinity for the lagoon was 26.5 ppt. Table
[T presents the significance of the different sampling parameters. Despite
the significant regional effects, the range between the regions was only

C.6 ppt, a 2.2% difference. Region 4 had the lowest salinity, 26.2 ppt,

21




TABLE V. HNet Production, Respiraticn, Gross Production, and Production/
Respiration Ratio for the Seven Regions Within Joyuda Lagoon
for the Event of 7 and 8 July 1983 3

REGION NET PRODUCTION RESPIRATION GROSS PRODUCTION P/R
G 0,/m2/day G/m2/ day G/mé/ day

1 N 1.5 2.5 1.7

2 5.1 2.9 8.0 2.8

3 4.1 4.4 8.5 1.9

4 3.0 4.0 7.0 1.8

(5-6) 2.4 2.9 5.3 1.8

7 2.1 2.7 4.8 1.8

8 1.5 5.0 6.5 1.3

2,7 + 0.4 3.3+ 0.2 6.1 + 0.7 1.9

2
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and region 8 had the hignest salinity, 26.8 ppt {Table I1II). Salinity
for the lagoon varied 15% with respect to time; if the Towest value,
an unexplained aromaly, is excluded, it varies only 8.2%. Salinity
increased during the day, reaching its peak value of 28.0 ppt at 2200
and then deciined until dawn {Figure XII and Table 1v).

Relative salinities between recions changed significantly throughout
the event,

Chlorophyll - The mean value for chlorophyll was 5.97 +0.01 mg/m3;
there was no significant change in chlorophyll throughout the event.

secchi Disk - There was no significant change in secchi disk readings
as a function of time throughout the day. There was, however, a significant
ciffarence in secchi visibility between regions 8, 7 and 4, Mean secchi
depth was 0.94 m. The differences in magnitude between the three regions
were 1.00 ; 1.02 : 1.20, respectively,

Flow - Ebbs occurred at all times except during 1600, 1800, and
2000 sampTing cycles when strong floods appeared. Due to great variance
of unexplainable nature in the flow data, it is impossible to calculate
the precise flow volumes. However, the total flood volume for the event
appears 10 be equal to or higher than the total ebb volume. Despite this,
the maximum flood volume (150 m3to 330 m3) for a two hour period would be
between 2.6% and 5.7% of region 1 volume, 0.00012% to 0.00027% of the total

lagoen's volume.

Wind Velocity and Direction - The mean wind velocity for all regions

in the Jagoen during the event was 4.2 m.p.h. (Table VI). Wind velocity
changed significantly throughout the event; it also differed significantly

for the different regions. (Table VII presents the significance of the
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TABLE VI. Regional Wind Velocity end Direction for Joyuda Lagoon
_During the Event of 7 and & July 1983.

MEAN WIND VELOCITY MEAN WIND DIRECTION
REGION [MILES/HOUR) {IN DEGREES)
1 2.1 90
2 4.3 116
3 4.8 119
4 4.7 131
{5-6) 4.9 123
7 5.2 135
8 2.4 149




TAsLE VIL. Anova Table for Wind Ve]ocity+ for the Seven Regions Within

__Joyuda Lagoon for the [vent of 7 and 8 July 1983.

SOURCE df MEAN SQUARE
Sbgrewps 97 14.3033%
Region 3] 15.6412%
Time 13 77.6531*
Region x Time 78 3.60421
Error 0 0

+

27

- a Togarithnic trénsformation (LoglON) was applied to the data.




differcnt sampling paravieters). wind velocity increased throughout
the morning, peaking at 1200 with a mean velocity of 8.1 m.p.h. After
1600 the meen wind velocity declined rapidly developing into the lowest
SKK grouping between 2000 to 0600 (Iri.), which had a wmean velocity of
0.77 m.p.h, (Table IV and Figure X1II).

Wind direction in the southern part of the Tagoon tended to be
coming from the east, while wind direction in the northern part came from
the south-east (Table VI).

Percent Cloud Cover - Cloud cover varied significantly throughout

the day. (Table VIII presents the significance of the different sampling
perameters), The mean cloud cover during the periods of daylight was
33%. During the early morning, percent c¢loud cover was.10we5t, with a
mean value of 8 +12%. Between 1200 and 1800 percent cloud cover was
highest, 83 +17% (Fiéure XIV and Table IV).

wind Direction - Wind direction in the southern part of the Tagoon

tended to be coming from the east, while wind direction in the northern

part came from the south-east (Table VI).
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TAsLE VIIT. frova Table for Percent Cloud Cover for the Seven Regions
JWithin Joyuda Legoor for the Event of 7 and 8 July 1983.

SCURCE df MEAN SQUARE
Sbgrowps e 12857971+
Region 6 88.3333
Time 9 7795 8730%*
Region x Time 54 333.8360
Error 0 0

20
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DISCUSSIONS ~ND CONCLUSIONS

The P/R ratios (Table V) show that the water column in all regions
of Joyuda Lagoon produced more carbon than they use. Consequently,
it does not approar that the planktonic primary production needs a carbon
subsidy from the surrounding environment,

The volume of water flowing through the Guanajibo channel is
insignificant cowpared to the volume of water in region 1. Consequently,
1t would have no effect on the parameters measured in the lagoon because
of the limited period of study. However, it is of interest to note that
their is a north-south gradient in mean D.0. values with the regions
closest to the channel having the highest mean D.0. values and those
furthest away from the channel having the Towest mean D.0. values. It
Is possible that while the coastal exchange does not effect the lagoon
over a timited period of study, it may effect it over an extended period.

Since the Tagoon produces more carbon than it uses, it may export
sorie of that carbon and thereby increase coastal productivity over an
extended period of time, It is also possible that the excess carbon
sinks or is actively pulled down to the benthos by filter feeders for
benthic consumption.

Increases in dissolved oxygen paralled increases in water temperature
and the non-significant trend observed in solar insulation.

Both temperature and salinity distributions indicate that the
tazoon is well mixed vertically. Since D.0. is slightly, but, significantly
higher at the surface, the benthos is probably using oxygen at a higher

+

rate than the rest of the water column. The increased oxygen demand is




probably being used to decompose the rich crganic sediments (which were
frequently noticed on the anchor when it was raised).

The significant variation in relative D.0. values within the water
column curing the study probably reflect temporal variation in production
and respiration.

Since D.0. experienced significant changes in productivity and
stending stock, it would be expected that chlorophyll, another indicator
of productivity would also exberience these changes. Since it did not,
the plankton are probably being grazed upon or they are settling to the
benthos. |

The different mean regional values in wind velocity and direction
and the changes in these factors throughout the event are probably
responsible for the minimal change in spatial temperature, and the changes
in the regional x time temperature parameter. The regional x depth
differences in temperature may be caused by a circulation pattern which
may change according to wind direction and velocity.

The rise in temperéture from 0600 to 1200 is probably due to solar
insolation. The high percent of cloud cover and the increased wind
velocity is probably responsible for the decline in temperature in early
afternoon; nightfall causes this trend to continue until dawn.

The Tack of finding a stratified lagoon with respect to temperature
or salinity indicates that the lagoon is well mixed vertically. This is
not surprising since the lagoon was choppy in late morning and then during
the afternoon.

The regional changes in salinity may be due to the regions being

effected by differences in solar insulation, which would effect the rates

33




of evaporation. An additional factor could be that the volumes of

fresh water dintrusion may vary from region to region. The increase in
salinity during the day is attributed to increased evaporation from
solar insulatior and increased wind velocity. The significant change

in the regicnal x time parameter is believed to be caused by the changes
in wind velocity and direction during the event.

Using two times secchi disk visibility as an absotutely Timiting
factor for oroduction (Parsons and Takahashi, 1973), light penetration
was only a limiting factor in the deepest holes.

Although the secchi disk did not detect any difference in light
intensity during the day, data from percent of cloud cover, and temperature
would indicate that there was a trend toward having light intensity
increase in the morning, peak in early afternoon, and then decline until
dawn. The secchi disk probably failed to notice this difference because
it is not a very precise instrument.

In comparison to the diurnal events of Owen on 24 November 1982
and 28 February 1983, this event noticed a different grouping of regions
with respect to the three main parameters. Where as this event tended
to group regions 1 and 2; station 3 and regions 4 and (5-6); and regions
7 and 8, Owen's studies tended to oroup regions 1,4, and 7; 3 and 6; and
2 and 5, with region 8 overlapping the two later groups. The difference
between this grouping may be due to difference in wind direction and
velocity. or the coastal exchange having a different effect on the lagoon
during those relative dry seasons. It is of ipterest to note that during
all three events regions 7 and 8 had the lowest D.O. values, and diurnal

temperature and D.0. fluctuations were consistently noticed.




LITERATURE CITED

APHA-AWWA-WPCF. 1975, Standard !Methods for the Examination of water

and wastewater. 14th Ed. Mmerican Public Health Association,
washington, D.C. pp. 1031-1032.

Departamento de Recursos Naturales. 1978-79. Estudio de la Laguna
Joyuda: un ccosistema marino. Informe Final. pp. 1-3,

Garcia, J.R. 1981l. Temporal petterns of the metazoan parasites in the
white mullet, Mugil curema Valenciennes from Joyuda Lagoon, Puerte
Rico. Master Thesis, Department of Marine Sciences, RUM, Mayaquez,
Puerto Rico. pp. 8-9.

Linsley, R.K., M.A. Kohler and J.L.H. Paulhus. 1975. Hydrology for
Engineers. McGraw-Hill, New York. p. 119.

Owen, G.P. 1983. Long-term monitoring sampling design. (Unpublished):
1-5,

Parsons, T.R. and M. Takahashi. 1973. Biological oceanographic processes.
Pergamon Press. New York. bop. 86.

Jesante, D. 1978. A study of the plankton in Laguna Joyuda, a tropical
'agoon on the west coast of Puerto Rico. Master Thesis, Center for
Energy and Environment Research. pp. 4-8.

Sokail, R.R. and F.K. Rohlf. 1969. Biometry., W.H. Freeman and Company,
San Francisco. pp. 143-355.




APPENDIX




Tine
0600

1023

1200

1456

1652

244Q

0309

Dissolved Oxygen easurements {ppm)

Depth

Surface
Jottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Station 0

st Reading

37

§ BB
545

1.3

o

a2

[Sapes] (SR
O b o o

h Oy
M
(Sl 5|

2nd Reading
5o Db
5.45

4.7

5.25

g an
[SaN ey

(G2 &3]
[ve V]

O h
A




Region 1

Time Jdepth lst Reading 2nd Reading
0650 Surface 5.15 5.35
Bottom 5.45 5.35
0825 Surface 5.7 5.45
Bottom 5.85 5.45
1029 Surface 6.0 5.9
Bottom 5,15 6.05
1206 Surface 6.25 6.4
Bottom 6.1 6.3
1503 Surface 6.8 6.75
Bottom 6.7 6.7
1703 Surface 6.6 6.5
Bottom 6.45 6.5
1835 Surface 6.8 6.55
Bottom 6.1 6.6
2030 Surface 7.0 7.0
Bottom 6.65 6.9
2300 Surface 6.5 6.4
Bottom 6.5 6.2
2445 Surface 6.55 6.6
Bottom 6.55 6.6
0315 Surface 6.3 6.1
Bottom 6.2 6.15
0523 Surface 5.9 5.95
Botiom 5.85 5.95
0727 Surface 6.2 6.0
Bottom 6.1 6.0
nasg Surface 5,05 5.65
Bottom 4.9 4,45
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negion 4

Tine Depth 1st Reading 2nd Reading
0758 Surface 5.6 5.55
Bottom 5.35 5.05
1000 Surface 5.7 5.75
Bottom 5.75 5.75
1140 Surface 5.75 5.65
Bottom 5.75 S
1400 Surface 6.55 6.35
Bottom 6.2 6.25
1639 Surface 6.6 6.7
Bottom 6.5 6.6
1804 Surface 6.5 .4
Bottom 6.1 6.2
1856 Surface 6.4 6.2
Bottom 6.2 6.2
27215 Surfate 6.1 6.0
Bottom 6.0 5.95
2415 Surface 6.1 6.0
Bottom 6.1 6.0
2640 Surface 5.85 5.8
Bottom 5.85 5.7
0426 Surface 5.95 5.75
Bottom 5.85 5.9
06827 Surface 6.1 5.9
Bottom 6.0 6.0
0g25 Surface 5.05 5.75
tottom 5.55 5.5
i0l4 Surface 6.2 6.25
Bottom 6.3 6.25
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Temperature Measurements (°C)

Station 0
Time Depth 1st Reading 2nd Reading
0600 Surface 29 29
Bottom 29 29
0821 Surface 29 29
Bottom - -
1023 Surface 29 29
Bottom - -
1200 Surface 31 30
Sottom - -
1456 Surface 29 25
Bottom 29 29
1652 Surface 28.7 28.7
Bottom 28.7 28.7
1829 Surface 28.2 28.2
Bottom 28.2 28.°2
2023 Surface 28 28
Bottom 28 28
2252 Surface 28 28
Bottom 27.5 27.5
2440 Surface 28 28
RBottom - _
0309 Surface 28 28
Bottom - -
0514 Surface 28 28
Bottom 28 28
0717 Surface 27.8 27.8
Bottom 27.9 27.9
nz4a Surface 28 28
Bottom 28 28
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region 1

Time  Depth Ist Reading  2nd Reading
0650 Surface 26 29
Bottom 29 29
0825 Surface 29.5 29.5
Bottom 29.5 29.5
1029 Surface 29 29.5
Bottom 29 29.5
1206 Surface 31.5 31.5
Bottom 31.5 31.5
1503 Surface 29,1 29.1
Bottom 9.1 29.0
1703 Surface 29 29
Bottom 29 29
1835 Surface 27 27
Bottom 29 29
2030 Surface 28.8 28.8
Bottom 28.9 28.9
2300 Surface 28 28
Bottom 28 28
2445 Surface 27 28
Bottom 27 28
0315 Surface 28 28
Bottom 28 28
0523 Surface 28 28
Bottom 28 28
0727 Surface 27.8 27.8
Bottom 27.8 27.8
0850 Surface 28 28
Bottom 27.5 27.5
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Region 2

Time Depth 1s% Reading Znd Reading
0700 Surface VA 29
Bottom 29 29
D830 Surface 30 30
Bottom 20 30
1036 Surface 29.5 29.5
Bottom 29.5 29.5
1212 Surface 31.5 31.5
Bottom 31.5 31.5
1513 Surface 29,2 729.2
Bottom 25.2 29.2
1710 Surface 29.2 29,2
Bottom 29,2 29.2
1846 Surface 29 29
Bottom 29 29
2039 Surface 29 29
Bottom 29 29
2310 Surface 28.5 28.5
Bottom 28.5 28.5
2510 Surface 28 28.5
Bottom 28.5 28.5
0325 Surface 28 28
Bottom 28 28
0531 Surface 27.9 27.9
Rottom 27.9 27.9
0735 Surface z27.9 28.0
Bottom 28.0 28.0
0858 Surface 28.1 28.1
Bottom 28 28
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Region 4

Time Depth 1st Reading 2nd Reading
0758 Surface 30 30
Bottom 29 20
1000 Surface 29.5 29.5
Bottom 29.5 29.5
11490 Surface 30 30
Bottom 30 30
1400 Surface 23.8 28.8
Bottom 28.8 28.8
1600 Surface 29 29
Bottom 29 29
1804 Surface 28.9 29
Bottom 29 29
1856 Surface 29 29
Bottom 29 29
2215 Surface 28.5 28.5
Bottom 28.5 28.5
2415 Surface £28.5 28.5
Bottom 28.5 28.5
0240 Surface 28 28.5
Bottom 28.5 28
0426 Surface 28 28
Bottom 28 28
0637 Surface 28.1 28.1
Bottom 28.2 28.2
0825 Surface 28.2 28.2
Bottom 28.0 28.0
1014 Surface 28.2 28.2
Bottom 28.2 8.2
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Region (5-6)

Time  Depth st Reading  2nd Reading
0722 Surface £9.5 29.5
Bottom 29.5 29.5
(920 Surface 30 30
Bottom 30 30
1105 Surface 30 30
Bottom 30 30
1320 Surface 259 29
Bottom 29 29
1535 Surface 29 29
Bottom 29 29
1732 Surface 29 28,9
Bottom 29 28.5
1921 Surface 28.8 28.9
Bottom 28.8 28.8
2134 Surface 26 20
Bettom 28.5 28
2330 Surface 28 8.5
Bottom 28 28.5
25565 Surface 28 28
Bottom 28 28
0350 Surface 28 28
Bottom 28 28
0602 Surface 28 28
Bottom 28 28
0753 Surface 28.1 28.1
Bottom 28.0 8.0
0534 Surtace 28.3 28.3
Sottom 28.3 28.3




Region 7

Time Depth 1st Reading 2nd Reading
0745 Surface 8.5 29.5
Bottom 28.5 30
0845 Surface 29 5 29.5
Bottom 30 £8.5
1125 Surface 20 30
Bottom 30 30
1348 Surface 29 29
Bottom 29 25
1557 Surface 29.2 29.2
3ottom 29,7 29.2
1757 Surtace 29 29
Sottom 29 29
1545 Surface 29 29
pottom 29 29
2205 Surface 28.5 Z28.5
Bottom 8.5 28.5
0000 Surface 28.5 28.5
Bottom 28.5 28.5
0220 Surface 28 28
Bottom 28 28
cazo Surface 28 28
Bottom 28 28
0624 Surface 28 28
Bottom 28 28
0813 Surface 28.72 28.2
Bottom 28,1 28.1
1001 Surface 28 28
dotiom 28 28
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Region 8

Time Depth 1st Reading 2nd Reading
0730 Surface 30 28.5
Bottom 30 30
0930 Surface 30 30
Bottom 30 30
1115 Surface 30.5 30
Bottom 30 30
1335 Surface 25 29
Bottom 29 29.1
1545 Surface 29.5 9.4
Bottom 29.5 29.4
1742 Surface 29.2 29.2
Bottom 29.2 29,2
1932 Surface 29 29
Bottom 29 29
2150 Surface 29 29
Bottom 29 29
2350 Surface 28.5 28.5
Bottom 28.5 28.5
0205 Surface 28 28.5
Bottom 28.5 28.5
0405 Surface 28 28
Bottom 28 28
0613 Surface 28.1 28.2
Bottom 28.1 28.2
0802 Surface 28.1 28,2
Bottom 28,2 28.2
0948 Surface 28.5 28.5
Bottom 28.3 28,2
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Salinity cz2:urements (ppt)

Station 0
Time Depth Ist Reading 2nd Reading
0600 Surface 26 26
Bottom 256 26
0821 Surface 25 25
Bottom - =
1023 Surface 25.5 25.5
Bottom - -
1200 Surface 26 26
Bottom - .
1456 Surface 27 27
Bottom 27 27.1
1652 Surface 33 33
Bottom 33.°2 33.5
1829 Surface 33,2 3352
Bottom 33.2 33.2
2023 Surface 33 33
Bottom 33 33
2252 Surface 29.5 29.5
Bottom 34 335
2440 Surface 28 28
Bottom - -
0309 Surface 27.5 27.5
Bottom - -
0514 Surface 24.2 24.3
Bottom 24.3 24.3
0717 Surface 26.1 26.2
Bottom 26.2 26,2
0844 Surface 26.5 26.6
Bottom 26.5 26.7
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Rogion 1

Time Depth 1st Reading ?nd Reading
065G Surface 25 26
Bottom 20 26
0825 Surface 25.5 25.5
Bottom 25 25.5
1029 Surface 26 26
Bottom 26 26
1206 Surface 26.5 26.5
Bottom 26.5 26.5
1503 Surface 27.1 27.1
Bottom 27.2 27.2
1703 Surface 27 27.1
Bottom 27.1 27.1
1835 Surface 27 27
Bottom 27..5 27.2
2030 Surface 26.8 26.8
Bottom 26.9 26.9
2300 Surface 28 28
Bottom 30 28
2445 Surface 28 28
Bottom 28 28
0315 Surface 27.5 27.5
Bottom 27.5 27.5
0523 Surface 24.2 24,2
Bottom 24.2 24.2
0727 Surface 26.2 26.2
Bottom 26.2 26.2
850 Surface 26.7 26.8
Bottom 26.7 26.3
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Do
n240n 2

Time Depth et Reading 2nd Reeding
0700 Surface 26 26
Bottom eh 26
0830 Surface 25 5 255
Bottom 25.5 25.5
1036 Surface 26 26
Bottom 26 26
1212 Surface 26 26.5
Bottom 26 26.5
1513 Surface 27.2 27.2
Bottom 27.7 27.2
1710 Surface 27.27 27.2
Bottom 27.2 27.3
18448 Surface 27 27
Bottom 27 27
2039 Surface 26.9 26.9
Bottom 26.9 26.9
2310 Surface 28 28
Bottom 28 28
2510 Surface 28 28
Bottom 28 28
0325 Surface 27.5 27.5
Bottom 27.5 27.5
0531 Surface 23.8 23.9
Bottom 23.9 23.9
0735 Surface 6.2 26.2
Bottom 26.2 26.2
0859 Surface 26.5 26.6
Bottom 26.7 26.7
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Station 3

Time Repth 1st Reading 2nd Reading
0710 Surface 26 26
Bottom. 26 26
0840 Surface 25.5 25.5
Bottom 5.5 25.5
1045 Surtace 26 26
Bottom 26 26
1224 Surface 25.5 25.5%
Bottom 25.5 26
1524 Surface 26.9 26.9
Bottom 26.9 26.9
1720 Surface 27 27
Bottom 27 27
1856 Surface 26.9 26.9
Bottom 26.9 26.9
2048 Surface 26.8 26.8
Bottom 26.9 26.9
2317 Surface 28 28
Bottom 28 28
2515 Surface 28 48
Bottom 28 28
0335 Surface 27 27.5
Bottom 27 27.5
0541 Surface 23.5 23.5
Bottom 23.5 23.7
0743 Surface 26.3 26.3
Bottom 26.2 26.2
0208 Surface 26.5 26.5
Bottom 26.6 26.6
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1200
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Surface
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Surface
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Surface
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Surface
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Surface
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Surface
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Surface
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Vst Reading
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27.
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fegion (5-6)

Time Depth Ist Reading 2nd Reading
0722 Surface 26 26
Bottom 26 26
0920 Surface 25 25.5
Bottom 25 25
1105 Surface 20 Zb
Bottom 26 26
1320 Surface 25.5 27.5
Bottom 27.5 26.8
1535 Surface 27.0 27.0
Bottom 27.0 27.0
1732 Surface 27 27.1
Bottom 27 27.1
1921 Surface 27 26.9
Bottom 26.8 26.9
2134 Surface 28,5 28.5
Bottom 28 28
2330 Surface 28 28
Bottom 28 28
2555 Surface Z27.5 27.5
Bottom 28 27.5
0350 Surface 27 27.5
Bottom 27 27.5
0602 Surface 23 23.4
Bottom 23.5 23.5
0753 Surface 26.5 26.3
Bottom ?6.5 26.4
(1234 Surface 6.5 26.5
Sottom Z6.5 26,7

58




Rogion 7

Time Depth :5. Reading 2nd Reading
0745 Surface 26 26
Bottom 26 26
0845 Surface ?26.5 6.5
Zottom 2b.5 26.5
1125 Surface 26 26
SBottom 76 26
1348 Surface 26.8 26,9
Bottom 26.9 27
1557 Surface 27 27.°?
Bottom 27.2 27.2
1751 Surface 27 27.1
Bottom 27.2 27.1
1945 Surface 27 27
Bottom 27 27
2205 Surface 28 28
Bottom 28 Z8
000oC Surface 28 28
' Bottom 28 28
0220 Surface 27.5 27.5
Bottom 27.5 27.5
0420 Surface 27 27
Bottom 27 27
0674 Surface 24.5 23
Bottom 23.2 23.2
0813 Surface £26.5 26,5
Bottom 76.5 26.5
1001 Surface 24 24.2
Bottom 25 24 .2
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2nd Reading

26
26

26.5
6.5
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26
25,5

27.0
27
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28

28
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27.5
27.5
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STATICH O

Wind Secchi Dish
Velocity Wind Percent Visibility
Time (niles/hr) Zirection  Cloud Cover  1Ist Trial _2nd Trial  Sounding

GEGO - - - .55 b5 98

08zl - - - 5 <5 b

1023 - - - 455 505 .55
1483 s - - B 5 £
1486 - s - 1.0 1.0 1.1

- 1.0 1.0

et
.
~

R - s - Rl 1.0 L)
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Wind

Velocity
{miles/hr)

2
3

e

H 1 ﬂd

Jirection

80
80
80
80
135

Fercent
Cleud Cover
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o
el

Secchi Disk

Visibility
1st Trial  2nd Trial

1.0 1.0
1.8 1.0

.75 .75
1.0 1.0
) 1.0
1.0 1.0
1.0 1.0
0.9 0.9
1.2 1.2

Sounding

1

1

.0
.0
15
.0
0
22

.25




e
RECION 2

Yind Secchi Disk

Velocity Hind PE SprL Visibility
Time  (miles/hr)  Dirvection  Cloud Cover  1st Trial 2nd Trial  Sounding
0700 5 80 15 175 1.25 1.25
G230 7 120 15 1.0 1.0 1.25
1636 7 110 45 1.0 1.0 1.0
1212 6 110 35 .75 .75 1.25
1513 10 135 80 0.9 0.9 1.6
1710 7.5 110 90 1.0 1.0 1.5
1516 6 130 90 1.0 1.0 Lot
2033 0 - . - - 1.6
2210 0 - - - ~ 1.1
2510 4.5 135 . ~ = 1.5
0325 4 135 . H - 1.5
0531 0 - 10 - — 1.4
0735 0 0 0 1.0 1.0 1.6
0859 3.5 90 0 1.0 1.0 1.6
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Wind Secchi Disk

Velocity Wind Fercent Visibility
Time {miles/hr) Direction Cloud Cover Ist Trial  2nd Trial Sounding
G710 Bee3 120 &5 1.0 1.0 1.0
0E40 B 120 20 1.0 1.8 1.0
1045 9. & 120 50 1.0 1.0 1.0
1224 0 130 50 75 .75 1.0
1524 7 110 90 1.0 1.0 1.25
L0 5 115 80 1.4 1.0 1.4
1856 o 135 - 1.0 1.0 1.0
2048 ¢ - - = = 0.9
2317 0 - - - = 1.0
2545 4 135 - - - 1.0
0335 2 135 % - - 0.9
0541 3 95 10 - - 1
Q743 0 - 0 1.0 1.0 1.0
0908 7 90 0 1.0 1.0 1.0
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Wind
Veiocity
{miles/hr)

YWind
Dire ction

110

130

125

Perzent

Linud Cover

15

a5

35

b5

Secchi Disk
Visibility

st Trial _2nd Trial

1.25
1.0
1.0
1.0
1.0
1.0

1.0
1.2
1.0

1.25
1.0
1.0
1.0
1.0
1.0

1.0
1.2
1.0

seunding
2.4
2.3

2,45




REGION (5-6)

Wind Secchi Disk

Velocity Wind Percent Visibility
Time  {miles/hr)  Divection  Cloud Cover  1Ist Trial__2nd Trial  Sounding
0722 2.5 120 20 1.0 1.0 1.75
(1926 10 130 A0 1.0 1.0 € 52
11065 8 120 45 1.0 1.0 2.0
1328 10 135 100 1.0 1.0 1.0
1535 8 100 90 1.0 1.0 1.25
1732 9 115 80 B 5 .9
192 5 135 - - - 1..25
2134 ) - - = - 2.0
2230 0 - - - = 1.5
2535 0 - - - - 1.6
0350 2.5 135 - - = 2
0602 0 - 10 1.0 1.0 2.5
0453 0 - 0 1.0 1.0 1.5
0934 7 120 10 1.2 1.2 1.2
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REGON 7

Liind Secchi Disk

volocity k=nd Percont Visibility
Time rilez/hr) Sirection  Cloud fover  lst Trial  2nd Trial  Sounding
Lok 4 110 15 0.75 0.75 1.5

OLas 10 130 44 9.75 ot 1.5

1194 8 AL 45 1.0 L:0 140

134 10 150 100 1.0 1.0 1.5
Lh g 135 90 1.0 1.0 1.5

2 8.3 135 - - - L6

G524 0 - 0 0.8 0.8 1.6
0813 0 - 0 1.0 1.0 ol
TG01 L 135 20 .8 .8 1.8
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Wing

Velocity
(miles/hr)

3

.3

7

Wind
Direction

160
160
160
150
0
145

120

RECION 8

Percent

20

68

Secchi

Disk

Visibility

Ist Trial
1.0
0.75
0.75
1.0
1.0
1.0

1.4
0.8
0.8
0.8

2nd Trial

1.0
0.7%
0.75
X.0
1.0
1.0

1.4
0.8
0.8
0.8

sounding
1.

1.

/=




Chlorconyll Sata from Stalicn 3 in Joyuda Lageon

Chlorophyll
Concentration
 Amg/md)

Mo

’O’\OWUWO\ [$a e 4= O O Oy Y N N U n oy h o Cn oD

(S}

.98
.69
sk

.42
B9
.
i

&7
01
. 57

Timn

NRSS
(363
0843
0852

1051
1051

1237
1237
L3z

e 7
1927
1927
1927

21G7
2107
2107

2107

0130
0130

0555
0555

0945
0945
0945
0945

6%

Sl g el e

Date

July
July
July
July

7 July
7 duly

~J ~d

[eves] oo oo e B e B RN |

o) 09 00 0o

July
Julv
July

July
July
July
July

July
July
July
July

July
July

July
July

July
July
Juiy
July

1983
1983
1983
1983

1983
1983

1983
1983
1983

1983
1683
1983
1983

1983
1983
1983
1982

1983
1983

1983
1983

1983
1983
1983
1983




low Ceta from Statien O in Joyuda Lagoon
(Unless otherwize indicated flows were taben at 0.6 depth)

Volume Complete Type of

(m3/win) x-section Flow Time Date

.0032 ves ebb 1600 7 July 1983
012

032

0051

0

023 (0.2 denih)

.01C (0.8 depth)

.036 no ebb 0812 7 July 1983
.054

223 o enb 182 7 July 1983
.018
.036

ldin Sl L on

o)

.47 no ebb 1151 7 July 1983
L ald

Bl yes ebb 1420 7 July 1983
L0358

.020

.014

.0024

.014 (0.2 denth)

.009% (0.8 depth)

.0065 yess flood 1630 7 July 1983
.23
.26
.30
)
19
53 (

depth)
depth)

oD
~Y ™D

.20 no flood 1820 7 July 1983
.20

o ™

1.84 no flood 2025 7 Juiy 1983
1.8C

okl no ebb 22490 7 July 1983
750
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P D

e

a4

by e e Type of
r-section Poow 0 ime Date
ne 0035 8 July 1983
no 0300 8 July 1983
no 0455 8 July 1983
yes usile 8 July 1983
cepth}
5 denth)
no 0840 8 Juiy 1983
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