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Do oceanic zooplankton aggregate 
at, or near, the deep chlorophyll maximum? 

by Alan R. Longhurst' and Alex W. Herman' 

Grazing pressure, varying with depth, must play a role in shaping the general 
form of the chlorophyll profile which often contains a deep chlorophyll maximum 
(DCM). Until we obtain enough coincident high-precision profiles of chlorophyll 
and grazing plankton (such as the BATFISH profiles, discussed below) it is difficult 
to be sure that this is so, though the problem is important enough to warrant an 
attempt, and several have been made. Unfortunately, most studies have ignored the 
possibility that zooplankton might aggregate in the vertical plane in response to 
another cue having a depth distribution close to, and covarying with, the DCM. 
Such a possibilit y is not trivial and is the basis of a hypothesis relating the general 
form of phytoplankton profiles at least partly to a depth differential in grazing pres-
sure (Longhurst, 1976). 

We have critically reviewed (Longhurst and Herman, in preparation) the dozen 
most recent papers which discuss the vertical aggregation of zooplankton and find 
that these contain little firm support for an alternative hypothesis that aggregation 
occurs preferentially and generally at the chlorophyll maximum. 

In a paper in Volume 38: 3 of the Journal of Marine Research on the relation-
ships between oceanic zooplankton distributions in the Northwestern Atlantic 
Ocean and the seasonal deep chlorophyll maximum, Ortner et al. (1980) describe 
data which they interpreted to indicate a coincidence between the DCM and the 
depth of maximum zooplankton biomass. Their results were also reported to con-
tradict the EASTROPAC study by Longhurst (1976) who found that the depth of 
maximum epizoop!ankton biomass was located shallower than the DCM and within 
~3 m of the depth of maximum 14-C fixation. We wish to show that the data of 
Ortner et al. (1980) was not interpreted correctly and that it does indeed agree not 
only with Longhurst's data but also with BA TFISH data from the Northwest 
Atlantic. 

The twenty-two zooplankton profiles used by Ortner et al. (1980) were collected 
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with (a) MOCNESS nets with an effective mouth area of 1 m', and (b) Clarke-
Bumpus nets with mouth area of 0.012 m' . Collections were made both day and 
night and samples were obtained from integrated oblique hauls taken in 25 m 
intervals from surface to 200 m. Although depth and flow were monitored on all 
MOCNESS tows, it was reported that the five Clarke-Bumpus samplers were placed 
on a hydrowire at 36 m intervals and an assumption of a constant 45 ° wire angle 
served to locate the nets at 25 m depth sampling intervals. This is not good sampling 
practice in establishing depth control in a vertical distribution study seeking to 
establish rather precise depth relationships between variables, and ignores the 
catenary, and highly variable, profile adopted by a wire supporting a towed weight 
at depth. 

The chlorophyll-a profiles against which the zooplankton data were compared 
were taken at depth intervals of approximately 25 m, about twice that of the 
EASTROPAC data; also, the EASTROPAC zooplankton depth intervals were 
smaller, averaging only 2.5 min 10 profiles, and 9.3 min 76 profiles studied. 

It is difficult to resolve a coincidence between epizooplankton and the deep chlo-
rophyll maximum with a rather coarse sample resolution of 25 m. The EASTRO-
PAC data of Longhurst (1976) indicates a separation of only ~20 m and more 
recent data obtained with a BATFISH sampler (Herman and Dauphinee, 1979) 
providing high vertical resolution of ~ 1 m indicates that the epizooplankton layer 
is situated ~10 m shallower than the chlorophyll maximum on the Scotian Shelf 
(Herman et al., 1981). However, we believe that most of the data obtained by Ort-
ner et al. (1980) if interpreted correctly, does indicate that the epizooplankton 
maximum is shallower than the DCM in their samples. For example, the vertical 
profiles identified as "MOC 1" and "MOC 2" of Figure 4 indicate a zooplankton 
biomass maximum in the 50-75 m depth interval when the corresponding chlo-
rophyll maximum was situated at 75 m (Fig. 2). If the zooplankton biomass value 
for each sample is allocated a mid-sample depth, not at the bottom or top of the 
depth interval, then it would lie at ~63 m or ~12 m shallower than the DCM. We 
have selected the mid-sample depth in comparing the zooplankton biomass max-
imum and the DCM for both of Ortner's samplers and classified each indicated 
zooplankton biomass maximum as being situated either shallower ( < CHL. MAX.), 
equal to (= CHL. MAX.) or deeper (> CHL. MAX.) than the DCM. The results 
are listed in our Table 1 (a) and the corresponding chlorophyll maxima that we 
read from Ortner et al.'s (1980) graphs are li sted in our Table 1 (b). 

In the MOCNESS data of Table 1, 75% (9) of the tows actually indicated that 
the zooplankton maximum were shallower than the DCM and 25% (3) that it was 
,equal to or deeper than the DCM. The C-B results, however, were inconclusive 
:since half (5) of the tows indicate the zooplankton maxima were shallower than the 
DCM. The C-B results still do not support, however, the suggestion that the zoo-
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Table 1 

(a) Depth of Maximum Zooplankton Relative to Chlorophyll Maximum 

Sampler 

< CHL. MAX 

= CHL. MAX . 
> CHL. MAX . 

(b) Depth of Chlorophyll Maximum 

N. Sargasso 
Ring "D" 
Slope Water 

C-B Tow # 

2, 3, 7, 9, 12 

4, 5 
6, 8, 13 

August 1975 

75 m 
100 m 
50 m 

(c) ATP Maximum vs. CHL. Maximum 

August 1975 

North Ring Slope North 

MOCNESS Tow# 

I, 3, 6, 7, 14, 19, 26, 
36, 38 
12 
17, 23 

November 1975 

100 m 

25 m 

November 1975 

Ring Water 
Depth of ATP MAX . Sargasso "D" Water Sargasso "D" Slope 

< CHL. MAX. 
= CHL. MAX . 
> CHL. MAX . 

X 
X X X 

X 
No dis- No 
cernible ATP 
CHL. Data 
MAX . 
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plankton biomass maximum was coincident with tbe DCM. The fact that the C-B 
data does not correlate well with the MOCNESS data may be a consequence of 
technique used for depth control. 

It can also be argued in the same way that the ATP maximum was not coincident 
with the DCM from Ortner's data as stated. Table 1 (c) shows the comparison 
between the depths of maximum ATP and DCM. In August 1975, two out of three 
cases indicate that the ATP maximum was shallower than the DCM and only one in 
which they were coincident. In November 1975, the North Sargasso Sea data indi-
cate two equal ATP maxima, one below and one equal to the DCM. The remaining 
data of November 1975 have no discernible chlorophyll maximum and no ATP 
data. Therefore, although the November data were inconclusive, the August data 
favour ATP maxima shallower than the DCM. 

This re-analysis of the data presented by Ortner et al. (1980) appears to us to 
confirm, rather than to contradict, the hypothesis that the DCM is, in part at least, a 
product of grazing pressure concentrated above it rather than being the location of 
the most intense grazing pressure. In fact, in a system temporally stabilized in the 



356 Journal of Marine Research (39, 2 

vertical plane it is most unlikely that it could be otherwise. We expect that the 
simple hypothesis, that zooplankters aggregate preferentially at the depth at which 
the rate of primary production is maximal will not be entirely validated by the 
eventual acquisition of unequivocal data, for it ignores not only the newly under-
stood complexities of the layer biocoenosis in the vicinity of the pycnocline at the 
depths being discussed, and the very complex depth differentials in kinds of plant 
cell contributing chlorophyll to the profile, but also the depth differences now known 
to exist in plant cell carbon to chlorophyll ratios (Hobson and Lorenzen, 1972). 
We are not yet certain what are the cues that aggregate grazing pressure in the 
vertical plane, but we are confident that it has not yet been shown to aggregate 
precisely at the DCM. 
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