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Influence of Amazon River discharge on the marine 
production system off Barbados, West Indies 

by Robert Kidd1 and Finn Sander1 

ABSTRACT 
The present investigation compares hydrography, nutrient chemistry and related biological 

parameters between periods of extensive and limited influence of Amazon River waters at 
Barbados. Salinity fluctuations associated with the movement of " freshwater lenses" into and 
out of the sampling area were accompanied by general increases in nutrient availability, par-
ticularly PO,-P concentrations. Plankton standing crop responded to these fluctuations and it is 
suggested that the trend is lik ely to be related to variations in the total annual volume discharge 
of the Amazon River. Qualitative seasonal differences in both phytoplankton and zooplankton 
are also observed. 

1. Introduction 

A study of the literature (e.g. Lewis, Brundritt and Fish, 1962; Ryther, Menzel 
and Corwin, 1967; Beers, Steven and Lewis, 1968; Lewis and Fish, 1969; Hulburt 
and Corwin, 1969; Steven, 1971; Sander and Steven, 1973; Moore and Sander, 
1977; Sander and Moore, 1978; Borstad, 1978) reveals that considerable un-
certainty exists concerning the effects of the seasonal influence of Amazon River 
waters upon the biological production in the Windward Islands region of the west-
ern tropical Atlantic. It is the purpose, therefore, of the present study to undertake 
comprehensive comparisons of hydrography, nutrient chemistry and related bio-
logical parameters between periods of extensive (June through September) and lim-
ited (December through April) influence of Amazon River waters at Barbados-
easternmost of the Windward Islands. It is expected that intense sampling regimes 
during these specific periods will reveal qualitative and quantitative differences 
hitherto undetected in general surveys. 

2. Materials and methods 

Four principal sampling stations were established-two on the west coast off 
the Bellairs Reef, St. James (1 and 2), and two on the east coast off Conset Bay, 
St. John (3 and 4) (see Fig. 1). The offshore stations 1 and 4 were located ca. 2.5 

1. Bellairs Research Institute of McGill University, St. James, Barbados, W.I. 
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Figure 1. Map of study area indicating location of sampling stations. 

km from shore over a depth of 100 m, while the inshore stations 2 and 3 were 
established approximately 250 m from shore over a depth of 10 m. Sampling was 
carried out over three distinct time periods. During February to May, 1975, sta-
tions 1 and 2 were visited weekly and stations 3 and 4 twice-weekly. For the 
period June to September, 1975, and December, 1975, to March, 1976, all stations 
were occupied on a weekly basis. West coast stations were sampled between 1600 
and 1700 hrs. while east coast collections were taken between 1630 and 1800 hrs. 
Water samples were collected 1 m below the surface with 7 liter capacity Van Dorn 
bottles. Immediately following collections, subsamples were drawn for salinity, 
N03+N02-N, P04-P, particulate matter, chlorophyll, chlorophyll-a and phyto-
plankton. Temperature measurements were taken at the surface using bucket 
samples. 

Salinity determinations were made using a C.S.I.R.O. inductively coupled sali-
nometer. Light readings were determined using a Secchi disc. In shallow waters 
when the bottom was visible, readings were continued in progressively deeper 
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water until the 1 % light level was reached. Rainfall data were provided courtesy 
of Mr. Geoffrey M. Rudder, Principal of the Caribbean Meteorological Institute, 
St. James, Barbados. Particulate matter was determined by the method of Strick-
land and Parsons (1972). NO3+NO2-N was measured by the method of Strick-
land and Parsons adapted from the work of Morris and Riley (1963). PO.-P deter-
minations were carried out according to the method of Murphy and Riley (1962) 
as given in Strickland and Parsons. Preparation of subsamples for chlorophyll 
analysis followed the method of Strickland and Parsons. However, inasmuch as a 
fluorometer was used for analysis, Lorenzen's (1967) spectrophotometric formulae 
in the form of Strickland and Parsons were modified to accommodate fluorometric 
data. 

Five hundred ml water subsamples for phytoplankton identification and enumer-
ation were preserved in 2 % buffered formaldehyde and left to settle in graduated 
cylinders for 72 hours before being reduced by slow siphoning to 50 ml and stored 
in vials until required for analysis. These samples were later reduced to 25 ml and 
studied with a Zeiss-Utermohl inverted microscope using 2.5 cm diameter settling 
chambers (Utermohl, 1958). The major taxonomic groups were enumerated with 
the more common phytoplankters identified to genus. It should be noted that the 
blue-green Trichodesmium thiebautii average filament was composed of approxi-
mately 25 cells. In order to standardize results this number was used, therefore, 
to represent one filament during the enumeration process. 

Zooplankton was collected using a 0.5 diameter No. 6 net fitted with a (bi-
monthly) calibrated T.S.K. flowmeter which provided filtration volume estimates. 
Surface tows were taken for 10 minutes at a mean velocity of 75 cm/ sec. Total 
biomass was determined on each of 25 hauls made with a No. 6 (.239 mm mesh) 
and a No. 20 (.076 mm mesh) net. Since no significant difference in total biomass 
(at the .05 level) was detected (t-test) with either net, a No. 6 net was employed 
throughout the study. Zooplankton samples were collected and stored on board ship 
in 1-liter volume sealed buckets following preservation with 5% buffered formalin. 
Upon return to the laboratory, phytoplankton and detrital material were removed 
from the samples by continuous washings with distilled water. In addition, some 
samples, notably those originating on the east coast, required the removal of de-
tritus with forceps. Following the splitting with a modified Folsom apparatus, one 
aliquot was stored in 5 % buffered formalin for future identification and enumera-
tion, while the other was used for biomass determinations. Displacement volumes 
were determined by the method of Wickstead (1965) and expressed as ml/ m3

• The 
aliquot was then filtered through a No. 6 net, damped dry, placed on a pre-weighed 
watch glass and transferred to an oven for heating at 60°C to a constant weight. 
Mean dry weight was expressed as mg/ m3

• When samples were required for identi-
fication, a portion of the preservative was siphoned off and the sample was poured 
into a graduated cylinder, made up to a volume of 500 ml and agitated thoroughly 
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until homogeneity was achieved. Subsamples varying from 1/100 to 1/20 for cope-
pods to 1 /20 to 1/10 for other zooplankters were removed using samplers con-
sisting of plastic graduated cylinders cut to desired volumes and fitted with wire 
handles for dipping. These were then poured into a modified Bogorov counting 
tray for study. The entire subsample was counted and categorized into major 
groupings such as fish eggs, larvaceans, thaliaceans, chaetognaths, copepods, etc. 
Copepods were identified to species wherever possible. 

During the first sampling phase, i.e. February to May, 1975, only zooplankton 
collections were made. With subsequent samplings, all of the above parameters 

were considered. 

3. Results and discussion 

In Tables 1 to 3 the data from all four stations are grouped together for each 
parameter and analyzed statistically (t-tests) for significant differences between 
sample means of the grouped data for summer and winter periods. Data for zoo-
plankton analyses include an additional "open ocean" station represented by (E) 
in Figure 1. 

It is assumed here that lowered salinities traditionally experienced every sum-
mer at Barbados can be attributed chiefly to increased seasonal precipitation and 
subsequent increased run-off in the Amazon region. A detailed review of the litera-
ture (e.g. Sverdrup, Johnson, and Fleming, 1942; Fuglister, 1951; Wlist, 1964; 
Ryther, Menzel and Corwin, 1967; Metcalf and Stalcup, 1967; Johannessen, 1968; 
Boisvert, 1968; Metcalf, 1968; Neuman, 1969; Stalcup and Metcalf, 1972; Steven 
and Brooks, 1972; Mazeika, 1973; Metcalf, 1976a,b; Visser, 1976; Borstad, 1978) 
leads to this conclusion. Short-term variations during the period of lowered salinity 
probably signify the presence or absence of lenses of more or less concentrated 
Amazon River discharge. The mechanism by which these lenses become isolated 
from the Amazon River estuarine plumes-the temporary cessation, meandering 
or recurving of the Guyana Current-is still the subject of research. It is doubtful 
that local rainfall and run-off greatly affect salinities at Barbados. Studies under-
taken by Sander (1971) between 1968 and 1970 failed to reveal any association 
between precipitation and surface salinity even close to shore of the island where 
run-off could be expected to be contributing factor. Steven and Brooks (1972) 
noted that rainfall at Barbados is fairly even through the year, but, in fact, "tend 
to be greatest from September to December when salinity is approaching its maxi-
mum and to be least from January to April when salinity is falling". During the 
present study, the low summer rainfall mean of 6.97 cm/ month could hardly ac-
count for the massive seasonal input of low salinity at Barbados. 

The summer-winter differences in salinity at Barbados were accompanied by 
concurrent changes in temperature and light (Table 1). It is doubtful, however, that 
the former is an important factor in both qualitative and quantitative differences 
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Table I. Summer-winter differences in variables. Si and Wi denote summer and winter means 
respectively. 

Si± S.E. Ns Wi ± S.E. Nw P(t-test) 

Temperature ( 0 C) 27.88 ± 0.07 51 26.23 ± 0.09 54 .05 
Salinity (%0) 33.40 ± 0.06 51 35.39 ± 0.04 54 .001 
Rainfall (cm/month) 17.71 ± 3.82 12 7.72 ± 1.76 20 .05 
Particulate matter (mg/1) 0.231 ± 0.026 51 0.235 ± 0.030 54 N.S.D. 
Secchi disc (m) 15.50 ± 0.47 47 18.50 ± 0.76 53 .01 
PO,-P (µg-A/1) 0.060 ± 0.007 51 0.043 ± 0.003 54 .05 
NO,+NO,-N (µg-A/1) 0.881 ± 0.126 51 1.103 ± 0.114 54 N .S.D. 
Chlorophyll-a (mg/m') 0.178 ± 0.035 51 0.139 ± 0.013 54 N.S.D. (P= .15) 
Phytoplankton (cells/ 1) 83,742 ± 8,545 49 53,388 ± 2,735 53 .01 

in the production system; and in the tropical marine environment of the Caribbean, 
light is not considered limiting. Rather, production may be restricted by lack of 
essential nutrients such as nitrogen and phosphorus. Sander and Moore (1979) 
have shown that when ammonia is included as a nitrogen source in calculating N:P 
ratios, phosphorus, and not nitrogen as previously supposed (Riley, 1938; Beers, 
Steven and Lewis, 1968; Margalev, 1971), appears to be the more critical nutrient 
factor to phytoplankton growth in this region. It is perhaps significant, therefore, 
that PO4-P concentrations were statistically higher during the summer than the 
winter period (Table 1). It should be noted, of course, that PO.-P and NO3 + NO2-N 
levels may be largely residual and that both sources of nutrients in oligotrophic 
waters are probably utilized as quickly as they become available (Sander, 1971; 
Sander and Steven, 1973; Vezina, 1974; Partlo, 1975). It is more likely, therefore, 
that quantitative differences are more readily manifested at higher trophic levels. 
This was true to some extent of the primary producers. Although no statistically 
significant differences (at the .05 level) were noted between summer and winter 
means of total chlorophyll or chlorophyll-a, a "trend" toward higher summer 
chlorophyll-a was apparent (Table 1). Phytoplankton counts, however, clearly 
indicated a higher average plant population off Barbados during the summer 
months (Table 1). Qualitative differences were also apparent (Table 2). Both sum-

Table 2. Summer-winter differences in numerical contribution of major phytoplankton groups 
and genera (cells/I) . Si and Wi denote summer (N = 49) and winter (N = 53) means respec-

ti vely. 

Si± S.E. Wi ± S.E. P(t-test) 

Diatoms 68,000 ± 8,601 29,774 ± 2,237 .001 

Dinoflagellates 9,412 ± 1,766 7,213 ± 1,223 N.S.D. 
Microflagellates 1,151 ± 268 12,177 ± 1,051 .001 

Blue-greens 3,918 ± 1,693 2,566 ± 433 N.S.D. 

Greens 1,307 ± 164 1,592 ± 165 N.S.D. 
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mer and winter results support previous findings which show that in the tropical 
and subtropical western Atlantic and adjacent regions diatoms constitute the domi-
nant groups close to shore of land and island masses (e.g. Hulburt, 1962; Zernova, 
1969, 1974; Hargraves, Brody and Burkholder, 1970; Sander and Steven, 1973; 
Steidinger and Curl, 1973; Purcell, 1975; Sander, 1976). However, diatoms 
comprise a larger percentage of the phytoplankton during the summer (79.60%) 
than the winter (54.65%). A preponderance in summer (over winter) of Fragillaria 
spp. (P=.05), Rhizosolenia spp. (P=.01), and Navicula type plankters (P=.01) ap-
pears to be mainly responsible. 

Mean zooplankton dry weight (P=.05) and numbers (P=.001) were significantly 
higher during the summer than during the winter period. Displacement volume 
showed a "trend" only (P=.10), which probably reflects the higher numbers of 
medusae and siphonophores observed during the latter period. Composite biomass 
results representing trophic levels involving herbivorous, omnivorous and carniv-
orous zooplankters clearly manifest seasonality. 

Ultimately, enrichment must be the key to the enhanced plankton biomass 
during the summer, and the area of doubt and speculation which needs to be re-
solved concerns the sources of nutrient enrichment. An as-yet-unexplored pos-
sible source of PO,-P-the most likely limiting nutrient-to the region is the precipi-
tation and water transport of high altitude mineral dust originating in the arid and 
semi-arid areas of Africa, to the south of the Sahara Desert. Carlson and Prospero 
(1972) and Prospero and Carlson (1972) described how high velocity winds in the 
arid regions of North Africa lifted surface dust particles to heights of 1.5-2 km 
atop vertical columns of hot, dry desert air and emerged from the coast of West 
Africa as a series of large-scale anticyclonic eddies. These eddies, in turn, were 
forced to rise over the top of the trade winds, and moved across the western tropi-
cal Atlantic in a layer at an altitude of between 1.5 and 7 km above sea level. This 
layer, travelling at a mean velocity of 25-30 km/ hr, reached the Caribbean from 
the coast of Africa in 5 to 6 days (Prospero, Nees and Savoie, 1976). As the layer 
crossed the Atlantic, aerosals were transported to lower levels by sedimentation 
where contact with cumulus clouds facilitated their transport to the sea surface. 
Most of the monitoring for this part of the western tropical Atlantic was under-
taken at Barbados, where a pronounced seasonal periodicity in mineral dust con-
centration was noted, with maximum densities occurring during the late spring, 
mid-summer and early fall. Prospero and Nees (1976) have measured mean 
monthly airborne dust concentrations for the period 1965-1974. The dramatic 
increase in dust loan which occurred during the last few years-particularly 1973 
and 1974-has been attributed, at least in part, to the severe drought now affecting 
arid and semi-arid areas south of the Sahara (Prospero, Nees and Savoie, 1976). 
With the continuation of this drought during 1975, a similar seasonal trend could 
reasonably have occurred although it appears not to be reflected in the mean level 
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of summer sea surface particulate matter (Table 1). That airborne dust might con-
stitute an additional, albeit small, phosphate source seem quite reasonable, how-
ever, given the mineral nature and the "soil surface layer" source of the dust. 

Another source of nutrient enrichment during the summer months is that of 
internal waves. Sander (1973) reported vertical oscillations of nutrient-rich waters 
in conjunction with deepwater isotherms defining internal waves of tidal periodicity, 
with amplitudes of up to 30 m. Sander's data suggested that these waves impinge 
on the slope of the island shelf, thus supplying limited nutrient enrichment in the 
euphotic zone near shore. Offshore current studies conducted during the present 
study as well as supportive evidence by Wiist (1964), Gordon (1967), Boisvert 
(1968) and Johannessen (1968), revealed higher mean summer velocities for both 
the Guyana and the North Equatorial Currents. Higher velocity currents bearing 
stronger internal waves suggest greater nutrient enrichment during the summer 
than during the winter period. Annual variations in the velocity of offshore current 
regimes with their accompanying variations in the levels of available nutrients 
could, at least in part, explain previously unresolved seasonal fluctuations in phyto-
plankton productivity and standing crop measurements at Barbados. 

Other nutrient sources which depend upon the direction and fl.ow patterns of 
offshore current systems have been considered. Ryther, Menzel and Corwin (1967) 
suggested that the influence of the Amazon River water "bubble" in terms of 
nutrient enrichment was indirect, "by causing, or at least contributing to, upwelling 
of nutrient-rich water at its periphery". Studies by Neuman (1960) and Metcalf, 
Voorhis and Stalcup (1962) on the origin and extent of the Atlantic Equatorial 
Undercurrent offer an explanation of why low salinity lenses of Amazon River 
origin were found several hundred miles to the north and east of the Amazon River 
estuary. According to Mazeika (1973), the circulation of water masses east of 
Barbados "is largely dependent upon the piling-up of water against the Lesser 
Antilles ... resolving itself in vortex-type circulations". Since the presence in the 
summer months of low salinity waters of Amazon River origin at Barbados has 
been well established by previous researchers, it seems reasonable to assume that 
these lenses-estimated by Ryther, Menzel and Corwin (1967) to be some 200-300 
miles in diameter-would upon approaching the region of turbulence south-east of 
the Windward Islands (Mazeika, 1973), tend to fragment somewhat, encouraging 
upwelling along their periphery. As such a lens approached Barbados, a rise in 
nutrient concentrations could be expected. This would likely be followed a short 
time later (depending upon the size of the lens and velocity of the offshore currents) 
by a marked drop in the concentration of available nutrients, as a nutrient-depleted 
centre of the lens (Ryther, Menzel and Corwin, 1967) moved past the island. Fi-
nally, a second brief rise in nutrient concentration would occur as the opposite 
edge of the lens swept around Barbados. As soon as these nutrients were depleted 
through production by higher inshore phytoplankton populations (noted in Sander, 
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1976; Sander and Steven, 1973) a return to former "residual nutrient levels" would 
follow. These phenomena may explain the greater variability of both the salinity 
and PO4-P levels observed during the summer period. On the other hand, gradual 
salinity fluctuations, such as often occurred during the winter sampling period, were 
generally accompanied by consistently low PO4-P concentrations. It seems likely 
then, that increased mean POcP concentrations encountered during the summer 
months originated from nutrient-enchanced waters along the periphery of low sa-
linity lenses whose movement past Barbados was in tum dependent upon the 
velocity and flow patterns of offshore currents in the vicinity of the island. Such 
nutrient enrichment undoubtedly accounted, at least in part, for increases in pri-
mary and secondary production parameters noted during the summer study period. 
To pursue the point further, it appears quite plausible that the most critical factor 
governing the occurrence and degree of enhanced seasonal production and stand-
ing crop at Barbados is the total annual volume outflow of Amazon River water 
into the western tropical Atlantic. The extent and duration of this outflow, and 
hence the abundance and frequency of lenses of freshened water encountered at 
Barbados, depends upon the extent and duration of the rainy season in the Amazon 
River drainage basin. The fact that yearly rainfall in this region can vary consid-
erably was amply illustrated by Amazon River discharge rates reported by Davis 
(1964). Based on data collected by the U.S. Geological Survey during July and 
November, 1963, as well as riverstage readings for the period 1928-1946, the rate 
of the Amazon River discharge has been known to vary between 0.073 and 0.245 
X 106 m3/ sec with an annual mean of 0.210 X 106 m3/ sec. During periods of low 
mean annual discharge, the indirect effect of Amazon River outflow upon increased 
seasonal production at Bar1:>ados, as suggested above, would likely be minimal. 
During periods when annual discharge rates equalled or perhaps exceeded the 
norm, increased summer production might well be anticipated. That such a situa-
tion probably occurs is suggested by the productivity results of Beers, Steven and 
Lewis (1968) for the period March, 1962, to April, 1964. This apparent incon-
sistency in the seasonal production pattern at Barbados led Sander and Steven 
(1973) to suggest, perhaps prematurely, that nutrient enrichment, either direct or 
indirect, did not derive from the seasonal presence of low salinity waters of Amazon 
River origin, at least during the period of their studies (July, 1968 to June, 1970). 

Fluctuations in the annual discharge rate of the Amazon River may give rise to 
additional phenomena, which, in turn, influence seasonal production at Barbados. 
Metcalf and Stalcup (1967) and Metcalf (1968) noted the origin of the Equatorial 
Undercurrent as "the point where the North Brazilian Coastal Current turned off-
shore in the process of recurving". The slope of the salinity isopleths down toward 
the west, north-west of the offshore current was believed to represent "North 
Atlantic water moving in to take the place of the South Atlantic water, which has 
turned eastward to form the Undercurrent". Such an interpretation accentuates the 
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tremendous influence of Amazon River discharge waters upon two major currents 
systems, the North Brazil ian Coastal Current of South Equatorial origin, and the 
Guyana Current with its North Equatorial source. It follows then, that fluctuations 
in the rate of Amazon annual mean discharge would influence the volume transport 
of the easterly-flowing Undercurrent, and hence the velocity and volume of replace-
ment of North Equatorial waters moving in from the north-east. This would ac-
count for M azeika's (1973) observation (during the summer months, June-August, 
1969) that "North Equatori al Current water was diverted southward" and that " the 
back fl ow resolved (itself) in vortex-type circulations". It seems reasonable to ex-
pect that variations in yearly volume discharge of the Amazon River would directly 
influence the degree of eddy formation and related turbulence in the region of the 
Windward Islands. Thus, an increase in the frequency of eddy formations would 
be anticipated during periods of peak annual discharge. That such eddy formations 
do occur in this area has been demonstrated by the observations of Brucks (1971), 
Leming (1971) and Mazeika (1973). Since eddies of anti-cyclonic circulation have 
been associated with limited nutrient enrichment as well as the localization of 
zooplankton, increased eddy formation during years of high Amazon River outflow, 
such as occurred during the present study (Dr. 0 . Zafiriou , personal communica-
tion), might well give rise to increased summer production in the region of Barbados 
and the other Windward Islands. Should anti-cyclonic eddies be encountered in 
close proximity to narrow shelf regions at Barbados, increased nutrient enrichment 
might be expected from upwelling and excreted phosphorus and nitrogen com-
pounds from zooplankton (Ketchum, 1963) localized within the eddies. 

Lateral transport of zooplankters from the Amazon River region and along the 
coast of French Guyana, Surinam and Guyana might contribute, albeit margin-
ally, to increased summer zooplankton biomass results. Calef and Grice (1967) 
sampling a region of the equatorial Atlantic, between 6 and 13 N, 48 to 57 W, 
reported a three-fold increase in the mean displacement volume of total zooplank-
ton between summer and winter sampling periods during 1964-1965. They re-
marked that " the fauna of these offshore (fresh water) lenses was characterized by 
extensive populations of two coastal species, Evadne tergestina (a cladoceran) and 
Lucifer faxoni (a decapod)." It is noteworthy that both species showed population 
increases during the summer season during the present study. Although the in-
creases were numerically small (Table 3), the contribution of these species to the 
total biomass, given their large body size in relation to the smaller but more abun-
dant copepods, was undoubtedly at least partially responsible for the significantly 
higher mean summer biomass during the present study. Lateral transport was also 
suggested by Sander and Moore (1978) as a possible explanation for sporadic 
copepod population peaks which appeared and disappeared between weekly ob-
servations. Commenting upon such an occurrence in surface and vertical hauls 
during September 29th, 1971, and September 18th, 1972, respectively, they noted 
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Table 3. Summer-winter differences in numerical contribution of major zooplankton groups 
(no.Im'). Si and Wi denote summer (N=57) and winter (N=107) means. Also listed are the 

14 species of copepods which comprise 98% of the total copepod population. 

Group/ species 

Fish eggs 
Larvae 
Larvaceans 
Foraminifera 
Chaetognaths 
E. tergestina 
L . jaxoni 
Total Copepods 
Clausocalanus furcatus 
Oithona oculata 
Acroca/anus longicornis 
Farranu/a gracilis 
Acartia spinata 
Clausocalanus arcuicornis 
Undinula vu/garis 
Oithona plumifera 
Corycaeus limbatus 
Oncaea mediterranea 
Oncaea venusta 
Caloca/anus pavo 
Temora tubinata 
Macrosete/la gracilis 

Si± S.E. 

73 ± 7 
52 ± 6 
44 ± 8 
26 ± 2 
19 ± 2 
3 ± 1 
1±0 

633 ± 96 
253 ± 68 

58 ± 51 
63 ± 9 
49 ± 7 
10 ± 5 
37 ± 6 
25 ± 2 
15 ± 2 
20 ± 2 
20 ± 3 
16 ± 3 
12 ± 1 
9 ± 3 
6±1 

Wi±S.B. 

78 ± 5 
29 ± 1 
20 ± 2 
20 ± 2 
10 ± 1 
1±0 
0±0 

291 ± 35 
69 ± 16 
49 ± 20 
9 ± 1 

15 ± 1 
52 ± 19 
10 ± 1 
12 ± 2 
20 ± 5 
5±0 
4±0 
4±0 
4±0 
2±0 
3±0 

P(t-test) 

N .S.D. 
.001 
.01 

N.S.D. (.09) 

.01 

.001 
N.S.D. (.15) 
.001 
.01 

N.S.D. 
.001 
.001 
.05 
.001 
.001 

N.S.D. 
.001 
.001 
.001 
.001 
.05 
.01 

that "the lengths of the maturation period of the species involved, and the improb-
able depletion of these copepods in one short week, indicated that there are factors 
affecting observed population size other than on-the-spot production". 

Table 3 depicts the total numerical contribution of the major zooplankton 
groupings based upon data for the combined summer and winter sampling periods. 
With the exception of fish eggs and foraminiferans, all major zooplankton con-
tributors displayed significantly higher summer mean results. As indicated, 14 spe-
cies comprised 98% of total copepods encountered during the study. Copepod 
species collected during summer and winter sampling periods include 118 species, 
of which 56 are calanoid, 43 are cyclopoid and 19 are harpacticoids. Throughout 
the study period, samples were monitored for the presence of copepod species pre-
viously unknown to Barbadian waters. Of twenty new species occurrence records, 
thirteen were reported during the winter and only seven during the summer sam-
pling period. Quite clearly, a period of lower diversity and dominance was asso-
ciated with the summer presence of Amazon River "freshened" waters in the re-
gion. Conversely, higher diversity and dominance were associated with the winter 
period, when Amazon River influence upon hydrological conditions at Barbados 
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was at a minimum. The present results, therefore, appear to support Sanders' 
(1968) "stability-time" hypothesis applied to the pelagic realm, inasmuch as lower 
salinity waters associated with maximum Amazon River discharge may constitute 
an increase in physiological stress to the otherwise biologically accommodating 
stenotopic fauna of the region. This, in tum, would favor the development of an 
eurytopic pelagic fauna, which would probably reduce species diversity and would 
give rise to a lower dominance diversity component. 

In conclusion, it is clear that Amazon River discharge has a profound effect 
upon the production system off Barbados. Quantitative differences between sum-
mer and winter have been observed in most of the physical, chemical and biological 
variables measured. These, in turn, were coupled with qualitative changes in the 
supported plankton populations. 
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