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ABSTRACT
A red-water bloom in Kingston Harbor, Jamaica, in October 1962 is described and discussed. The red water occ urred during a brief period at the peak of a growth and decay
cycle of a population of Exuviella sp. For several months before, during, and after the
bloo m, data on carbon fixation, chlorophyll, ph ytoplankton and nutrient concentrations
were obtained at a station close to the bloom in Kingston Harbor and at another station in
the Caribbean Sea. These data have been compared with similar data obtai ned from th e
red wa ter. Carbon fi xat ion, chlorophyll a and cell concentrations in the red water were five
to seven times greater than in nearby harbor water at the same time and two or three orders
of magnitude greater than in Caribbean surface water. Average values for nitrate, phosphate,
and silicate in the red water, as well as in nearby harbor water , were two to four times hig her
than normal at the time of th e bloom, and some nitrate values were very much hig her. The
nitrogen: phosphorus ratio in the harbor was unusually high before the bloom and low after
th e bloo m. This suggests that nitrogen enrichment was a precondition for the bloo m and
nitroge n exhaustion a factor in its decline. The bloom developed when harbor water was
diluted with fr esh water. This suggests that addition of or ganic nutrients to nitrogen-rich
seawater provided conditions favoring the growth of Exuviella.

Introduction. Knowledge of conditions that favor growth of dinollagellate
blooms responsible for "red tides" is still scanty. Outbreaks of red tide occur
frequ ently in Kingston Harbor, Jamaica, where they are said to cause mass
deaths of fish from time to time. This paper presents observations on a bloom
that developed in October 1962 close to a hydrographic station (St. 3J) that
was occupied on 26 other occasions from July 1962 to July 1964 during a
study of the productivity of Jamaican waters. A small group of samples of the
red water was collected and analyzed by the methods employed in the main
study. Therefore, the characteristics of the bloom can be compared with those of
nearby water at the time of the bloom and also with the general characteristics
of Kingston Harbor water during the two-year period. Data from another station
(St. 1 J) permit comparison of the harbor water with Caribbean offshore water.
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D escription of the Bloom. Kingston Harbor is situated on the south coast of
J amaica. It is a nat ural harbor about 16 km long and 2. 7 km wide connected
to the Cari bbean Sea by a channel at the western end. T wo small ri vers discharge into the western part of the harbor, which otherwise receives no regular
fl. ow of fresh water. H owever, after heavy rai n it receives large amounts of
runoff fro m the land as fl.ash fl oods. T he daily tidal range is about 20 cm and
there are no strong tidal currents, but the surface water is generally moved
in a westerly direction by the prevailing trade wind.
F ig. 1 shows the general area of the bloom (vertical hatchi ng) and the
positions of Sts. 1 J and 3 ]. Patches of red water were first observed on 23
October, close to the land at the eastern end of the harbor. They spread rapidly
and increased in intensity, attai ni ng maximum development on 27 and 28
O ctober, when the bloom appeared to be continuous over most of the eastern
basin. It then decli ned almost as rapidly and was apparently over by 6 November. The edge of the bloom at its peak was less than 200 m from St. 3].
Material and Methods. Samples were collected with van Dorn bottles at
depths of 1 m and 5 m in the red water area and at St. 3]. The following procedu res were carried out.
N et primary production was measured by the C 1 4 fixation method of Steeman Nielsen (1952) as modified by Menzel and Ryther (1960). O ne light
and one dark I 25-ml Pyrex bottle were inoculated as soon as possible after
collection with I ml of C 1 4 and incubated for 24 hours at constant light intensity. T he samples were then fi ltered thro ugh 25-mm, 0.45 µ H A-type
M illipore fi lters. The filters were ri nsed with 10 ml of 0.00 1 N H Cl in seawater and dessicator dried; the C 1 4 activity was measured with a gas-fl.ow
geiger counter. Filter counting was carried out at the Bermuda Biological
Station.
For estimation of chlorophyll a, 1.0 or 2. 0 1 were filtered thro ugh Whatman
glass filters (GF/C) soon after collection. The filters were then deep frozen
until analyzed. Determinations were carried out at the Bermuda Biological
Stati on by the fluorescence method of Yentsch and Menzel ( 196 3).
Fresh and fixed samples were used for identification of phytoplankton. For
cell counts, 1.0 1 portions were fixed in neutralized for malin, left to settle in
tall cylinders fo r 48 hours, and then reduced to I oo ml by careful siphoning.
Counts were made with a Z eiss Uhtermohl plankton microscope on aliquots
of the concentrated sample diluted as required. Cell concentrations were estimated from counts of I 5 or 30 fields and of replicate aliquots of the concentrated samples. This study was carried out at the University of the W est
Indies.
M easu rement of n utrients was carried out at the Bermuda Biological
Station. Two hundred ml of each sample were deep frozen in a polyethylene
bottle as soon as possible after collection. T hese bottles, together with the
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Kingston Harbor and the adjacent Caribbean Sea area showing the positions of Sts.
and 3 J and the approximate area of the red tide (indicated by vertical hatching).
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chlorophyll a filters, were sent by air to Bermuda in an insulated box packed
with dry ice. Transit time was about six hours and all samples were still frozen
on arrival. The following methods were employed for the estimations: (i) Inorganic phosphorus by the method of Murphy and Riley (1962); (ii) nitrate+
nitrite-nitrogen by the method of Mullin and Riley (1955 a); (iii) nitritenitrogen by the method of Rider and Mellon ( 1 946); (iv) silicate-silicon by the
method of Mullin and Riley (1955 b).
A I oo-ml screw-topped salinity bottle was filled at the time of collection
of the samples, and salinity was measured with a C.S.I.R.O. inductively
coupled salinometer.
Surface-water temperatures were measured on deck at the time of collection.
Phytoplankton. The phytoplankton of Kingston Harbor is normally rich
in the variety of species. A total of 32 species of Bacillariophyceae (d iatoms), 7
of Dinophyceae, 6 of Cyanophyceae, and 4 of Chlorophyceae were identified
in a series of eight samples collected between April and August 1962, but this
list is certainly incomplete. One or more species of diatoms were usually
dominant and frequently accounted for more than 7 5 °/o of the total. Among
the commonest were Chaetoceros (several species), Rhizosolenia stolterfothii,
Nitschia seriata, and Skeletonema costatum. All of these were nearly always
present in considerable numbers. The dinoRagellates Ceratium tripos, C. fusus,
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Table I. Carbon'4, chlorophyll, and phytoplankton measurements of redwater and St. 3J samples for the period 26 October to 6 November 1962
and the average values at Sts. 3] and I J for the two years 1962-1964.
Station

Date

Red water I

26/X /62

Depth
(m)
5

Red water 2

"

"
Red water
3

" /62
29/X

5
I
5

26/X /62

I
5

Average
3J

"
29/X/62
"
6/XI/62

5
I
5

Average

C'4,
(mgC/m3/day)
800
49
2117
235
968
1423
932
79.6
54.1
318.0
253 .0
241.7
59.6
164.0

Chlorophyll a
(mg/m3)

Phytoplankton
(cells/m3)

42 .68
4.07
22.20
2.57
4.96
5.98
13.70

29,500 x 106
J,830 X JQ6
7,800 X 106
960 X 106
2,360 x 106
4,500 x 106
7,830 x 106

3.35
1.94
1.34
2.19
3.12
3.48
2.57

640 X JQ 6
260 x 106
J,850 X JQ 6
I,IOO x I0 6
2,060 x 106
820 X JQ 6
I,120 x 106

3J
1962- 64

5
(26 determinations) ± s.e.

I I 7.5 ± 21.0

1.88 ± .19

J,351 ± 288 X 106

IJ
1962-64

5
(20 determinations) ± s.e.

2.83 ± .74

.010 ± .OJ

32 .3 ± 7.8 X 10 6

Dinophysis diegensis, and Gymnodinium sp. were usually found in rather smaller
numbers, as was the blue-green alga Holopedium sp.
Blooms of one or more species of diatom were seen on six occasions in the
period July 1962 to July 1964. They were characterized by concentrations of
2000-5000 x 10 6 cells/m3, by chlorophyll a values greater than 2 mg/ m3, and
usually by C 1 4 uptake values greater than 150 mgC/m3/day. Blooms dominated
by Chaetoceros decipiens and Nitschia seriata were observed in mid-July and
late August 1962; other diatom blooms were seen in April and October
1963, January and May 1964.
The red-water bloom was the only one due to a dinofl.agellate in the twoyear period. Cell concentrations in the red-water samples were 960- 29,000 x
106 cells/m3, about 95°/o of them being Exuv iella sp. (Table I). The commonest
type of cell was round or slightly ovoid, 12-15 µ in diameter, and enclosed
in a well-developed smooth envelope. It was diffusely pink in color and the
chloroplasts were indistinct. A nonmotile form lacking f!agella was also present
in small numbers. The only other common organism was Euglena sp., which
amounted to about 4 °/o of all cells. A few Ceratium tripos, Chaetoceros decipiens
and Nitschia seriata were present, but together they amounted to less than 1 °/ 0
of all cells.
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Figure 2. Exuviella collected at St. 3J during the period July 1962 to February 1963 (dots) and
from red-water samples (circles). The duration of the red water is indicated by crosshatching.

The bloom may be considered as a localized episode in the growth and
decline of the population of Exuviella observed in the phytoplankton counts
at St. 3J (Fig. 2). Exuviella first appeared in small numbers on 13 August
and reached a density of 300 x 106 cells/m3 on 26 October, when it comprised
47°/ 0 of the total phytoplankton. It then declined to a low level in December
and January, rose to a second peak of 4oo x 106 cells/m3 on 3 February 1963
and was not seen in subsequent samples. The bloom in late October coincided
in time with the first peak at St. 3J. The average concentration of Exuviella
in the red-water samples was more than ten times the highest recorded at
St. 3J and the peak was nearly one hundred times greater.
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Table II. Nutrients, salinity, and temperature determinations for red- water
and St. 31 samples for the period 26 October to 6 November 1962 and
average nutrient values for St. 31 for the two years 1962-1964.
Station

Date

Red water 1 26 /X /62
1
2
"
2
"
3 29/X/62
3
"
Average
3J

1
5
1
5
1
5

26/X /62
29/X /62

"

NO, +
Depth NO,-N N0 3 -N P0 4 -P SiO-Si
(m) (µgA/1) (µgA /1) (µgA /1) (µgA/1)

6/XI /62

Average
3 J (26 determinations)
1962--64 ± s.e.

5
1
5
1
5

.405
. llO
.339
.066
.045
.082
.174

2.62
7.60
5.43
40.80
4.72
36.70
16.3 1

1.85
.48
1.62
.45
.39
.88

39.07
31.42
35.5 1
29.83
37.36
37.62
35.09

.066
1.102
.1 32
.202
.108
.089
.249

38.70
37.31
2.11
3.48
3.01
3.29
14.65

.42
.47
.29
.34
.41
.54
.41

37.88
36 .04
36.56
36.30
32.21
43.96
37. 16

.155
±,057

1.14
± .355

.232
± ,091

10.70
± 1.93

.so

Temp .
(OC)

Salinity
0
( /oo)

31.0

33.752
35.462

31.0

31.0
30.0

33.840
35 .415

30.1

35.423

30.6

33. 143
35.48 1

27°/31°

34.43/36. 74

Productivity. Net-productivity, chlorophyll a and phytoplankton measurements on the red-water and St. 31 samples for the period 26 October to 6 November are shown in Table I together with the two-year average values for
Sts. 31 and I J. Inspection of these data shows that:
(i) Net-productivity, chlorophyll a and phytoplankton concentrations in
the red water were generally higher than at St. 31 at the time of the bloom.
The average values for the red water were five to seven times the average for
St. 31, and the differences between the highest values were even greater.
(ii) Net-productivity, chlorophyll a and phytoplankton concentrations at
St. 31 during the bloom were not significantly different from the average
values for the rest of the two-year period.
(iii) Average net productivity, chlorophyll a and phytoplankton of the red
water were, respectively, 329 times, 1370 times and 242 times greater than
the average for Caribbean water at St. I J. The corresponding average differences between Sts. 31 and 11 were 41 times, 188 times and 42 times.
Nutrients. Nutrient measurements on the red water and St. 31 water at the
time of the bloom are shown in Table II together with the two-year average
values ~or_ St.
These ~1:asurements reveal a complex and interesting picture. N 1tnte + mtrate and silicate values were simi lar in the red-water and St. 31
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Figure 3. A, Monthly rainfall in the Kingston Harbor area; B, the percentage of freshening of
harbor water compared with offshore water at 5 m; July 1962 to A pril 1963. Crosshatching
indicates duration of red water.

samples and were, respectively, 13.5 times and 3.5 times higher than normal
as defined by the two-year average at St. 3J. Phosphate values were about
twice normal at St. 3J and about four times normal in the red water. Nitrite,
except for a single high value, was not significantly different from normal.
The nitrite + nitrate values appear to fall into two groups, one group differing from the other by an order of magnitude. The four highest values
represent a concentration between 25 and 30 times higher than normal while
the remaining eight measurements average 2.5 times normal. The distribution
of these exceptionally high values seems to indicate the existence of patches of
unusually nitrate-rich water in Kingston Harbor at the time of the bloom.

Rainfall, Salinity, and Temperature. Monthly rainfall and its effect on the
salinity of harbor water are shown in Fig. 3. The bloom developed near the
end of the wet season, which was preceded and followed by several dry months,
rainfall having beeri less than average from January to July 1962. Harbor
water (St. 3J) was less saline than offshore surface water (St. I J) except in
July 1962 and August 1963, when it was slightly more saline for a brief period
coinciding with the hottest time of the year and the end of the dry season.
The dilution of harbor water by rainfall and land drainage during the bloom
was about 1.5 °/oat 5 m and 5- 7°/o at the surface. T his amount of freshening is
not exceptional in the area, having been exceeded on several occasions in recent
years (Goodbody 1961 ). In 1963 it was 2.4 °/oat 5 mat the corresponding time.
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Surface-water temperatures in October were the highest for the year. In

1962 and 1963 the water at St. 3J was 30-31 °C from August to October and
then declined to a minimum of about 27 °C in February. In both years a fall
of about 1°C per month was recorded in November and December.

Discussion . Ryther ( 1955) reviewed the ecological conditions associated
with red-water blooms caused by dinoflagellates and listed the characteristics
of 21 such occurrences in many parts of the world. He showed that conditions
favoring the development of a bloom were high water temperature, proximity
to land, and commonly-though not always-lowered salinity following
heavy rainfall. As further prerequisites he listed the presence of a seed population of dinoflagellates, sufficient concentration of nutrients to permit their
dense growth or conditions favoring the concentration of the organisms to
the degree commensurate with their quantity in red water. The conditions
associated with the present outbreak conform generally with these prerequisites.
The nutrient values are of particular interest. Nitrate, phosphate, and
silicate were generally similar for the red-water and St. 3J samples at the
time of the bloom and were considerably higher than the two-year average
for St. 3J. Discounting the four exceptionally high nitrate values, the average
concentration of these three nutrients was between two and four times normal.
High nutrient concentrations have been reported for other dinoflagellate
blooms. Ketchum and Keen ( 1948) found concentrations of total phosphorus
in red water off the coast of Florida up to ten times higher than in clear seawater
nearby. Pomeroy et al. (1956) also recorded unusually high phosphorus concentrations in an estuarine bloom. These authors suggested that the high
phosphorus values were the result of concentration of the dinoflagellates either
by growth or movement. This explanation is not convincing in the present
instance, since nutrient concentrations at St. 3J, outside the red-water area,
were similar to those within the bloom area. Silicate concentrations, which
were remarkably uniform, were about 3.5 times normal for these waters.
Since silicate has no special significance in the growth of dinoflagellates
and since nitrate and phosphate concentrations were also raised by a similar
amount, it seems likely that an enrichment of the harbor water occurred
before the bloom developed and may have been one of the preconditions for
the bloom.
Examination of the nitrite+ nitrate and phosphate values and the nitrogen:
phosphorus ratio at St. 3J before and after the bloom suggests that it may have
developed as a consequence of a considerable nitrogen enrichment of the water
some time previously. These values are shown in Fig. 4. Nitrite+ nitrate was
high before the bloom and low after it. Phosphate on the other hand was
relatively low before the bloom but high during and for some months following . it. The nitrogen : phosphorus ratio_was high during the three months preceding the bloom but fell to about umty soon after and fluctuated around this

1966]
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Figure 4 . A, Nitrite+ nitrate concentration; B, phosphate concentration; and C, nitrogen: phosphorus
ratio. St. 3], July 1962 to April 1963 . Cross hatching indicates period of red water.

122

Journal of Marine Research

[24,2

low value until April 1963. A nitrogen : phosphorus ratio about unity is characteristic of nutrient-depleted surface waters, but in deeper water and in
plankton the ratio is usually about 16: 1 by atoms (Sverdrup et al. 1942). The
ratios in the period preceding the bloom were considerably greater than this,
and the picture presented is consistent with an unusually high nitrogen concentrati on in the harbor water for some weeks previous to the bloom followed
by a return to more normal conditions following it.
Nitrogen enrichment alone does not provide an adequate explanation for
the dinoflagellate bloom, since it was preceded by diatom blooms in the nitrogenrich water in July and August. The appearance of Exuviella coincided with
the beginning of the wet season, and its population growth to the peak in late
October was accompanied by a moderate dilution in the harbor by fresh water.
This suggests that the addition to nitrogen-rich harbor water of organic
nutrients contained in the fresh water provided conditions that specifically
favored the dinoflagellate until further growth was limited by nitrogen exhaustion .
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