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Anomalous nutrient-chlorophyll interrelationships in the
offshore eastern tropical Pacific Ocean

by William H. Thomas!

ABSTRACT

In the nutrient-rich offshore areas of the eastern tropical Pacific Ocean, chlorophyll levels
were 4-10 times lower than might be expected if all the inorganic nitrogen had been assimilated.
Three hypotheses are examined to explain this anomaly: 1) nitrate may be upwelled faster than
it is assimilated; 2) the algae may be grazed to lower levels by herbivores; and 3) minor nutri-
ents other than nitrate, phosphate, or silicic acid may be limiting. The grazing hypothesis seems
most likely in the Costa Rica Dome; all three hypotheses may operate in the equatorial upwell-
ing area; and minor nutrients may be limiting in the southerly nutrient-rich water.

1. Introduction

The EASTROPAC Expedition of 1967-68 definitively showed areas in the east-
ern tropical Pacific Ocean where near-surface nutrient concentrations—nitrate—N,
phosphate—P, and silicic acid—are low as contrasted with other areas where upwell-
ing or advection increase the levels (Thomas, 1970a, 1971, 1972a, 1974). My pur-
pose is to point out that chlorophyll levels in offshore nutrient-rich areas were not
as high as they might be if all nutrients were assimilated. Hypotheses to explain this
anomaly are based mainly on postulated nitrate assimilation, since nitrogen is the
principal limiting nutrient over much of the region (Thomas, 1969).

Figure 1 shows the distribution of near-surface nitrate in February-March 1967
in three offshore nutrient-rich areas: the Costa Rica Dome, an area of offshore up-
welling centered about 90W longitude and 10N latitude; the equatorial upwelling
area, extending along the equator west of the Galdpagos Islands; and the southerly
nutrient-rich water extending from longitudes 98°-126°W at 8°-12°S latitude. These
two latter areas are not greatly distinguished from each other in Figure 1; in the
equatorial area a source of nutrient-rich water underlies the surface layers, while in
the southerly nutrient-rich area, nutrient-poor water underlies the rich near-surface
water (Thomas, 1972b). Data from other EASTROPAC cruises in 1967-68 show
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Figure 1. Nitrate-nitrogen (ug-at/l) at 10 meters, February-March, 1967 (from Thomas, 1971).

that nutrient-rich water persisted in these regions at other seasons; this was not the
case for the pronounced dome shown in Figure 1 east of the Galdpagos. In the Costa
Rica Dome and along the equator, near-surface nitrate levels ranged from 6-10
pg-at NO;-N/I, PO,-P from 0.6-1.0 ug-at/l and SiO.-Si from 6-8 ug-at/l. In the
southerly nutrient-rich water, levels were lower, with NO;-N, PO,-P and SiO,-Si
ranging from 2-6, 0.4-0.6, and 2-4 ug-at/l, respectively.

During March-April 1968 (EASTROPAC Cruise 76) natural phytoplankton as-
semblages from nutrient-poor water incubated aboard ship with different inorganic
nitrogen concentrations yielded about 0.2 ug of chlorophyll per ug-at N added
(Thomas, 1970b). A similar yield figure was found in unpublished experiments with
a dinoflagellate, Gymnodinium simplex, isolated from the Costa Rica Dome.

If all the near-surface nitrate in these three areas were assimilated by phytoplank-
ton, we might expect 1.2-2 ug chlorophyll/l in the surface waters of the Dome,
1.2-1.6 at the equator, and 0.4-1.2 in the southerly rich water. These are conserva-
























