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on the Secondary Nitrite Maximum tn 

the Northern Equatorial Pacific' 

Warren S. W ooster 
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ABSTRACT 

The secondary nitrite maximum was observed in May 1965 at nine stations south of the 
boundary between the western extension of the Cali fornia Current and the Nor th Equatorial 
Current. A ssociation of high nitrite concentrations with low dissolved-oxygen concentrations 
and high sal ini ty in the Equatorial Pacifi c sali nity maximum suggests that the northern 
boundary of the secondary nitrite maximum is related to the northern limit of penetration 
by Equatorial Pacifi c water. 

Introduction. The primary maximum in the vertical distribution of nitrite-
nitrogen in or just above the thermocline has been recognized for more than 
30 years (Harvey 1955). This maximum is usually attributed to oxidati on of 
ammonia in decomposing organic matter. 

A deeper "secondary" maximum, fir st observed in the Arabian Sea (Gilson 
1937), has since been recognized in other regions where the dissolved-oxygen 
concentration reaches very low values. Brandhorst (1959), in a study of nitrite 
distribution in tropical waters west of Central America, found the secondary 
maximum below the thermocline at stations where the dissolved-oxygen con-
centration was less than o. 1 ml/I. He attributed the presence of the maximum 
to nitrate reduction (denitrification) in the prevailing quasianaerobic conditions. 
This mechanism has been supported by Thomas ( 1966 ), who demonstrated 
a signifi cant decrease in nitrate concentration where the nitrite maximum was 
present. 

Wooster et al. (1965) examined the pool of low-oxygen water underl ying 
the Peru Current and found that the secondary nitrite maximum south of 
l o0 S accompanied dissolved-oxygen concentrations of less than o. 2 ml/I. High 
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nitrite concentrati ons, also closely related to the salinity maximum in the 
Peru-Chile Undercurrent, occurred within a narrow range of specifi c volume. 
At six stati ons a double secondary nitrite maximum was observed. It was 
suggested then that adequate description of the maximum would require closer 
spacing of water samplers than is customary. 

In M ay 1965 the L A PARED Expediti on aboard R/V A RGO was carri ed 
out in the boundary region between the western extension of the Cali fo rnia 
Current and the N orth Equatori al Current (at approximately 20°N, between 
121°W and the coast). Since Brandhorst (1 959) had shown that this was the 
approximate northern limit of occurrence of the secondary nitrite maximum, 
the opportunity was taken at the southernmost stati on to sample the feature 
at closely spaced verti cal intervals. The results of these measurements are 
described below. 

Observations. Stati ons sampled by the expediti on are shown in Fig. 1. 
Analyses fo r nitrite-nitrogen were made by the method of Bendschneider and 
Robinson ( 1952); the precision of this method has been estimated to be ± 0.02-
0.03 µg-at/1 (Strickland and Parsons 1965). Other station data included 
temperature, salinity (by inducti ve salinometer), and dissolved oxygen. 

W ater samplers were routinely spaced at 50-m intervals below the ther-
mocline, but at the southernmost stati on at 1 20°W (St. 15) a special cast was 
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F igure 1. Track of L A PARED Expediti on , May 1965. Dots indicate stati ons where secondary ni trite 
maximum was observed. 
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Figure 2. Vertical distribution of temperature, salinity, dissolved oxygen, and nitrite-nitrogen 

made with sample bottles at 15-m intervals between 143 m and 462 m; at 
the southernmost station, 116°W (St. 22), additional samplers were used. 

The secondary nitrite maximum was observed at nine stations (see Fig. I) 
located at the southern ends of observation lines (the isolated St. 25 lies off 
the southern end of Baja California). At Sts. I 4, 15, and 22, double maxima 
were observed; this feature may have been present at other stations but was 
not revealed in the coarser vertical sampling. 

The relationship between the vertical distributions of nitrite, temperature, 
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at St. 15 (May 5, 1965, 15° 55'N, 119° 59'W). Dots on nitrite curve indicate samples. 
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salinity, and oxygen at St. 15 is shown in Fig. 2. A primary nitrite maximum 
occurs at about I oo m in the lower part of the thermocline. At greater depths, 
high-nitrite values are found between 168 m and 384 m. 

The dissolved-oxygen concentration first falls below 0.1 ml/I at 1 68 m and 
remains at this low value to about 650 m, so the secondary maximum is in 
the upper part of the low-oxygen layer. This was true at all stations where the 
maximum was present; all concentrations equal to, or greater than, 0.1 µg-at 
NO,-N /I were associated with dissolved-oxygen concentrations of o. 15 ml/I or 
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F igure 3. Nitrit e-nitrogen as a functi on of thermosteric anomaly. Circles represent data from St. 15; 
dots represent data fr om other stati ons where secondary maximum was observed. 

less. (Except for three values, all were associated with oxygen concentrations 
of less than o. 1 ml/I.) 

At St. 15, high-nitrite concentrations occurred in the salinit y-maximum 
layer characteri sti c of Equatorial Pacific Water (Sverdrup et al. 1942: 706 ). 
At all stati ons, nitrite concentrations greater than o. 1 µ g-at/1 were found only 
at saliniti es between 34.60°/oo and 34.75°/oo. Where a double maximum was 
observed, the shoaler maximum was associated with salinities greater than 
34.70°/oo, the deeper maximum with saliniti es of 34.60°/oo to 34.69°/oo-

As in the Peru Current, high-nitrite concentrations occurred within a 
narrow range of specific volume (Fig. 3). All but one of the nitrite concentra-
ti ons greater than o. 1 µ g-at/1 fell between thermosteric anomaly values of 
125 and 165 centilit ers/ton (in the case of double maxima, the upper maximum 
was centered at 155-160 cl/ton, the lower at 138-143 cl/ton). 

Discussion. The associati on of the secondary nitrite maximum with the low 
dissolved-oxygen concentrations and high saliniti es characteri sti c of equatorial 
Pacifi c waters suggests that the northern limit of this maximum is related to 
the northern limit of the tropical salinit y maximum. This limit occurs at the 
boundary between the western extension of the Cali fo rnia Current and the 
N orth Equatori al Current, a region fi rst examined during the SttELLBACK 
Expedition in 1952 (Wooster and Cromwell 1958). 
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F igure 4 . Di stribu tion of dissolved oxygen at Sts. I to I 5. 

At that time it was noted that very low oxygen concentrations were observed 
only south of the boundary. In May 1965 the more detail ed observati ons of 
the LA PARED Expediti on, to be reported elsewhere, showed that low-oxygen 
concentrations could be found farther north, but only at greater depth and at 
relatively low sali nity (Figs. 4 and 5). The LA PARED observati ons also es-
tabli shed that the boundary (at about 19°N at the time) is most clearly char-
acteri zed as the northern limit of high salinit y (greater than 34.6°/oo) in the 
subsurface Equatorial Pacifi c sali ni ty maximum (Fig. 5). The high-salinit y 
water reaches farther north near the eastern edge of the region where LA 
PARED St. 25 was located (for example, see Bennett 1963: fi g. 21). 

It should be noted that the salinity maximum extends somewhat farther 
north than the secondary nitrite maximum. A t St. l l (Fig. 5), salinit y exceeds 
34.6°/oo between 150 m and 450 m and the dissolved-oxygen concentration 
is o. 15 ml/L or less below 250 m, yet no nitrite was detectable below l 28 m. 
Thus, although the limit s of the two features are clearly related, they do not 
coincide. 
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Figure 5. Distribution of salinity, by in-situ salinometer, at Sts. 1 to 15. Circles at Sts. 11-15 
represent samples in vicinity of secondary nitrite maximum; dots represent nitrite-nitrogen 
concentration. 

The presence of double secondary mtnte maxima, first observed in the 
Peru Current, is also noteworthy. As noted above, this characteristic may be 
even more widespread because of the difficulty of describing the nitrite dis-
tribution adequately with the usual vertical-sampling intensity. Whether the 
double maximum is attributable to a like distribution of denitrifying organisms 
or to microstructure within the water mass cannot be determined at present. 

Of course, elucidation of the secondary nitrite maximum will depend 
primarily on further biological and chemical investigation. In the present paper 
it is not proposed that the process of denitrification is significantly affected by 
the salt concentration but rather that the nearly anoxic waters associated with 
the h ighly saline water mass provide the environment in which the process 
can take place. 
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