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ABSTRACT 

Zooplankton samples and hydrographic data were collected on two cruises to the area 
of the equatorial Atlantic that is influenced by the Amazon River outflow: one cruise 
during the dry season, October and November r964, the other during the wet season 
that followed, May and June r965. In the area where the cruise tracks overlapped, the 
average displacement volume of total zooplankton was almost three times higher during the 
wet season than during the dry season. The average number of copepods per cubic meter of 
water showed a similar increase. Copepods totaling r 50 species were identified; these included 
r28 Calanoida, r 7 Cyclopoida, and 5 Harpacti coida. Several copepod species were ubiquitous 
in the area studied. The copepod fauna became more diverse during the wet season as in-
dicated in the vertical collections by an increase in the average number of species per station. 
Large lenses of low-salinity water were located several hundred miles north of the r iver 
mouth on both cruises. The fauna of these offshore lenses was characterized by extensive 
populations of two coastal species: E'Vadne tergestina (a cladoceran) and Lucifer faxoni 
(a decapod). 

Introduction. Despite the impressive extent of the Amazon's influence on 
the hydrography and nutrient chemistry of the western tropical Atlantic, as 
discussed by Ryther et al. ( I 967 ), few studies have treated the abundance of 
zooplankton or the distribution of copepods in this area. Bj ornberg ( r 963) has 
reviewed previous studies that have dealt with the taxonomy and distribution 
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of copepods in neritic and oceanic waters off Brazil; the investigations reviewed 
by her, except for that by Dahl ( I 894), concerned the area that is mostly 
south of the Amazon River estuary. Dahl examined the distribution of 31 
species of copepods in the Tocantins River and lower Amazon in relation to 
salinity and other factors. Bjornberg ( 1963) studied the copepods from neritic 
and offshore waters of Brazil from 5°N to 35°S. She attempted to relate the 
occurrence of the copepods to water masses and types. Bjornberg considered 
I 31 species. Seguin ( l 96 5) listed the phytoplankton and zooplankton species, 
excepting copepods and amphipods, that were identified in samples collected 
in Brazilian coastal waters between approximately I 3°S and 32°S. Vannucci 
and Queiroz ( 1963) provided data on the volume of zooplankton at many 
stations east and north of the mouth of the Amazon. Lewis et al. (1962) 
reported on the seasonal variation in zooplankton volumes farther north, near 
Barbados. In the same general region, Wickstead ( 19 5 6) and Fish ( 1962) 
studied the pelagic copepods; these two investigators reported about 49 species. 

This paper presents data on copepods and certain other zooplankters col-
lected on two cruises to the neritic and oceanic waters influenced by the Ama-
zon River outflow: the first during the dry season (October and November 
1964), the other during the ensuing wet season (May and June 1965). Data 
from these two cruises are discussed, and the findings are compared with other 
studies made in the area. 

We wish to thank Thomas Burnett for collecting most of the plankton 
samples on the October-November cruise and Miss Judy Robbins for verifying 
the statistical data. Thomas E. Bowman kindly examined representative speci-
mens of the species of Lucifer. 

Methods and Procedures. The stations at which hydrographic data were 
taken have been shown by Ryther et al. ( l 967: fig. I); the stations where 
plankton was collected are shown in Fig. I. At most of the plankton stations a 
vertical tow was taken from a depth of 200 m to the surface, and, in shallower 
water, from near the bottom to the surface. During the wet season the vertical 
nets were equipped with a Row meter that provided an estimate of the total 
volume of water filtered for each collection; during the dry season the vertical 
nets had no Row meter. On the October-November cruise, lengthy oblique 
tows were also taken at many stations in an attempt to capture species that 
occur infrequently. A nonquantitative surface tow was made in the upper 
10 m for five or ten minutes at all stations on the May-June cruise; these 
collections sampled the fauna in the surface water where the river would 
presumably exert its effects, if any. The collecting nets were made of No. 6 
mesh (0.23 mm aperture) and had a mouth diameter of 70 cm. The samples 
were preserved in 5 ° /o to 1 o O /o formaldehyde for later analysis. 

In the laboratory, the displacement volume of the total zooplankton was 
measured for each of the 66 vertical hauls; the volume of zooplankton per 
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cubic meter of water was computed from the fl ow-meter data. Prior to measur-
ing the displacement volume, the salps, medusae, and juvenile fi shes that were 
in excess of one inch were removed from the samples. At the stations where 
the fl ow meter fail ed to functi on properl y or where a net without a fl ow meter 
was used, an average value (94 m3), computed from data for the other verti cal 
stati ons, was used for the volume of water filt ered. A 2°/o to 10°/o subsample 
was removed, and the adult copepods were identifi ed and counted. The juve-
nile specimens were also included in the total copepod count but were not 
identifi ed. The same procedure was used on the 33 surface coll ecti ons, but, 
since the volumes obtained were so large, small er subsamples were examined. 
As we progressed, it became obvious that certain species of Cladocera and 
Decapoda were appearing in large numbers near the surface at stati ons where 
the salinity was low ; these animals were also identifi ed and counted. Eleven of 
the oblique coll ecti ons were scanned for the species present. 

/7olume of T otal Zooplankton. The volume of the total zooplankton in the 
vertical hauls during the dry season ranged between 0.013 cc/m3 (St. 471) and 
0.197 cc/m5 (St. 439 A) and during the dry season between 0.011 cc/m3 

(St. 652) and 0.367 cc/m3 (St. 678). The few samples from neritic waters had 
larger volumes; the largest volume of all was at St. 678, located near the edge 
of the continental shelf. In the area where the two cruise tracks overlapped 
extensively (Fig. 1 ), the average volume during the wet season ( o. 1 22 cc/m3 
standard devi ati on ± 0.094) was almost three times the value for the dry 
season (0.046 cc/m3 ± 0.022). An increase in total volume of zooplankton 
during the summer months was also noted in Barbados by Lewis et al. ( 1962). 

Considerably higher plankton volumes than those found by us were re-
ported by Vannucci and Queiroz ( 1963) for the neriti c and oceanic waters 
adjacent to the mouth of the Amazon River during November. Since the mesh 
size of the nets used by them was not mentioned and since these authors 
questi on the accuracy of their quantitati ve results, we shall not compare our 
plankton volumes with theirs. 

Included in the samples from the wet-season cruise was a group of seven 
collections (Sts. 652, 653, 658-662) that were made in, or just south of, the 
Sargasso Sea as defin ed by W orthington (1959). The plankton volumes at 
these stati ons averaged only 0.026 cc/m3, which agrees well with the averages 
obtained by Grice and Hart (1962) for the northwestern Sargasso Sea (0.01-
0.03 cc/m3). 

The Copepoda. The number of copepods per cubic meter ranged from 68 
to 614 during the dry season and from 30 to 723 during the wet season. In 
the area where the two cruises overlapped (Fig. 1 ), the average was 142/m3 
± 63 for the dry season and 306/m3 ± 1 7 5 for the wet season. Thus there is a 
seasonal increase in the number of copepods, which is approximately of the 
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Figure r. Location of plankton collecting stations and low-salinity surface waters (less than 330/00) 

in oceanic area (stippled). Dashed region considered overlapping area of October-November 
and May-June cruises. 

same magnitude as the increase in zooplankton noted in the previous section. 
The average for the seven Sargasso Sea stations was 83/m3, which agrees well 
with the value of 66/m3 obtained by Grice and Hart for the northwestern 
Sargasso Sea. 

In all, 150 species were identified, of which 128 were Calanoida, 17 Cyclo-
poida, and 5 Harpacticoida (Appendix I). The copepods of the genera Cory-
caeus and Oncaea were not specifically identified. 

Nine species could be considered ubiquitous, since they appeared in more 
than 90 ° /o of the 66 vertical collections: Caloca/anus pavo, C. styliremis, 
Clausocalanus furcatus, Euchaeta marina, Lucicutia jlavicornis, Nannocalanus 
minor, Oithona plumifera, Scolecithrix danae, and Undinula vulgaris. Of these, 
C. furcatus and L. jlavicornis also occurred in about 90 ° /o of the collections 
from the northwestern Sargasso Sea (Grice and Hart). 

Some species that occurred infrequently may be widely distributed in deeper 
water and were thus usually missed by a 200-to o-m tow. The genus Spinocala-
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nus as well as certain species of Euchaeta, Euchirella and Scolecithricella fall into 
this category (Grice and Hulsemann 196 5). Certain other species seemed to 
be more abundant just outside of the area studied here; two examples are 
.Acartia negligens and Candacia ethiopica, which were found in the collections 
taken only at our most northern stations-those near the southern edge of the 
Sargasso Sea. 

Certainly diurnal migrations must also be taken into account in assessing 
the distribution and abundance of a species. For example, species of the genus 
Pleuromamma were represented in only 61 °/o of the vertical tows, but among 
these they were present in virtually every night tow. Since species of the genus 
Pleuromamma are known to ascend at night from deeper waters into the upper 
waters (Roehr and Moore 1965), they must be widely distributed at depths be-
low 200 m during the day. They were simply not captured in our 200-m tows. 

The widely distributed species referred to above were not necessarily abun-
dant in a given sample. For example, larger species, such as Undinula vulgaris 
or Euchaeta marina, were usually present in low numbers relative to the more 
numerous Clausocalanus furcatus and Oithona plumifera-the two most abun-
dant species; C. furcatus was also the most abundant copepod in the north-
western Sargasso Sea (Grice and Hart). The numerically important species 
and their occurrence are summarized in Table I. In the dry season, the adults 
of the single most numerous species in a sample usually comprised between 
10°/o and 20°/o of the total copepods present, and the three most numerous 
species together comprised on the average 29°/o of the total copepods. How-
ever, of the total copepods in one sample (St. 468) the values ran as high as 
27°/o for the single most numerous species (Clausocalanus furcatus) and as 
high as 40°/o for the three most numerous species. Grice and Hart found that 
the most numerous single species in the northwestern Sargasso Sea never ex-
ceeded 25°/o of the total copepods, a figure that agrees well with ours. 

In the wet season, the species composition became more diverse. Of the total 
copepods, the average percentage for the three most numerous species de-
creased from 29 to 23. The average number of species per station, an even 
better measure of diversity, increased from 33 species in the dry season to 41 
species in the wet season. 

Table I. Numerically abundant copepod species in vertical collections. 

Oct-Nov (35 samples) May-June (31 samples) 

Species (Mean no./m3) (Frequency) (Mean no./m3) (Frequency) 
Clausocalanus furcatus .... 28 35 19 31 
Oithona plumifera ... . .... 16 35 18 31 
Paracalanus aculeatus . . ... 8 26 4 27 
P.par'Vus .... . . ... .. . .. . 7 19 13 25 
Calocalanus pa'Vo . .... . .. . 5 32 4 28 
Oithona setigera . ......... 4 28 3 30 
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Table II. Occurrence of certain copepod species in vertical and surface tows 
at the same station on the May-June cruise. 

Species Vertical Surface Species Vertical Surface 
tows tows tows tows 

Acartia danae .......... 22 0 Haloptilus longicornis .... 29 0 
Calanus tenuicornis . .. .. . 18 0 Heterorhabdus papilliger .. 23 I 
Calocalanus styliremis .. .. 28 8 Lucicutia gaussae .. .. . .. 11 0 
Clausocalanus arcuicornis . 23 4 L. gemina .... . ......... 12 0 
C.farrani ............. 13 2 Mecynocera clausi ....... 31 0 
C. paululus ............. 14 0 Oithona robusta . .. ... . . . 24 0 
C. pergens ... .. .. . ...... 14 0 0. setigera . . . . .... ..... 30 0 
Copilia lata .. .... ..... . 10 3 Paracandacia bispinosa .. 18 5 
Euaetideus acutus ... .... 14 0 P. simplex ............. 17 

In Table II the occurrences of I 8 species in vertical and surface tows at 
the same station in the wet season are compared. The species listed were found 
in 30°/o to 100°/o of the vertical tows but were rarely captured in the corre-
sponding surface collections. Since these species were nearly absent from the 
surface collections but were commonly present in the 200-m tows, they 
apparently avoid the upper few meters of the water column. 

Of the I 50 species of copepods identified, 77 have been previously reported 
in one or more of the southwestern Atlantic investigations mentioned in the 
Introduction. Recorded here for the first time from our collections are Clauso-
calanus farrani Sewell for the Atlantic, and Paiveffa inaciae Vervoort and 
Euchireffa splendens Vervoort for the western Atlantic. Of the I 28 calanoid 
species found by us, 93 have been reported for the Gulf of Guinea and West 
African waters (Vervoort 1963, 1965). All but 2 of the remaining 35 calanoid 
species have been recently reported for the northern Sargasso Sea (Grice and 
Hart 1962, Grice and Hulsemann 1965), the Florida Straits (Owre 1962), or 
the Caribbean Sea (Owre and Foyo 1964). Of the 23 species of cyclopoids and 
harpacticoids recorded here, I 8 have been recently reported for locations 
elsewhere in the Atlantic by Grice and Hart (1962), Owre (1962), or Owre 
and Foyo ( 1964). These reports of species from other areas attest to the wide-
spread distribution of tropical-subtropical epipelagic copepods. 

The Fauna of L ow-salinity Lenses. On both cruises, large lenses of low-
salinity surface water, here defined as oceanic water having surface salinities 
of less than 33 ° /oo, were found in the region north of the river mouth (Fig. l ). 
These low-salinity lenses were isolated from the river by several hundred miles 
of water with salities of 35°/oo to 36°/oo, According to Ryther et al. (1967), 
the only indications that the low-salinity water had its origin in the river, 
aside from its low salinity, was its high silicate content. In attempting to ex-
plain the isolation of these lenses, Ryther et al. have suggested that the northern 
branch of the South Equatorial Current might stop Rowing occasionally, thus 
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all owing the ri ver water to Row away from the coast. This water would then 
become isolated when the current resumed its Row . 

During the May-June cruise, when a special effort was made to sample 
the surface zooplankton, large populati ons of the cladoceran Evadne tergestina 
or large populati ons of juveniles of the decapod L ucifer f axoni were found in 
the lenses of low salinity (Fig. 1 ). In the surface samples from Sts. 669, 670, 
and 672, E . tergestina was two to three times more abundant than the total 
number of copepods. At St. 67 1, L. f axoni was fi ve times more abundant than 
all the species of copepods combined, and E. tergestina was more numerous than 
any single species of copepod. A t St. 669, approximately 131 ,ooo E. tergestina 
were captured in a ten-minute tow, and at St. 67 1, about 222,400 L. f axoni 
were captured in a fiv e-minute tow. These numbers give some idea of the 
density of the populati ons. 

Centropages furcatus, a copepod, was found on the May-June cruise at all 
six low-salinit y stati ons and at three of the four shelf stations. Of the remaining 
24 coll ections from oceanic waters, only 7 contained this species. In no col-
lection was C. f urcatus abundant. Aside from this species, no neriti c copepod 
was consistently found in the low-salinity lenses. The lenses contained pre-
dominantl y oceanic copepod species. 

The four stati ons mentioned above (669-672) were 200 to 300 miles off -
shore, and yet E. tergestina and L. f axoni are usually considered to be coastal 
species. Hansen (1922) stated that L.faxoni was captured in large numbers 
only near the coast, and when occasional specimens were found far at sea 
they were probably carried there by currents. The oceanic L ucifer typus was 
found in several of our samples near these low-salinit y areas, but seldom in 
them. Wi ckstead (1965) remarked that Cladocera in general, and Evadne 
tergestina and Penili a avirostris in parti cular, are coastal species. It thus appears 
that in the upper Io m or so the ri ver water has produced a "coastal environ-
ment" situated in oceanic waters about 370 km from land. 

The lenses appear to move. When the ship recrossed the area ofSts. 669- 672 
approximately ten days later, the surface salinit y had risen from 24-26°/oo to 
35-36°/oo- The low-salinity water was found some 280 km north at Sts. 685 
and 686. There the salinity was 31 -32 ° /oo, but the surface coll ections from 
these stati ons still contained L. f axoni and E . tergestina, though in lesser num-
bers than at Sts. 669-672. 

The decapods at Sts. 671 and 685 were predominantly juveniles, and many 
of the cladocerans had eggs or young in their brood pouches. Female Cladocera 
with eggs or young were also noted in the coll ecti ons from Sts. 670, 672, 685, 
and 686. The occurrence of juveniles and ovi gerous females indicates that the 
populations were in a phase of rapid growth. Cladocera in coastal waters are 
often noted for their abilit y to multiply rapidly (usuall y seasonall y), and they 
may become the major component of the plankton in a short time (Wickstead 
1965). 
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The source of the large populations of L. faxoni and E. tergestina in these 
lenses is difficult to ascertain. The species could have been present in the inshore 
(river) water and simply persisted in these waters after the low-salinity lenses 
were formed. Although no large populations of the species were found in any 
of our neritic samples, L. faxoni and E. tergestina are widely distributed in 
Brazilian waters. In addition to our occasional specimens of both species at 
stations located along the coast, Seguin ( 1965) has also reported them for 
neritic waters of Brazil between 13°S and 32°S. It is also possible that the 
observed large populations of these species in the lenses could have been pro-
duced after the formation of the lenses. This could result from the entrainment 
of stray individuals into the lenses followed by rapid multiplication of these 
individuals. Stray specimens of both species occurred in some of our oceanic, 
high-salinity samples. The questi on of the source of the animals, therefore, 
cannot finally be answered until there has been more detailed seasonal sampling 
in the neritic waters north of the Amazon River in conjunction with persistent 
sampling in the area where the low-salinity lenses are formed. 

It is interesting to speculate upon the ultimate fate of the populations, 
especially the cladoceran populations, that inhabit the low-salinity lenses. 
Resting eggs may be formed by marine cladocerans when environmental con-
ditions become unfavorable; for example, this might happen when the low-
salinity areas become more saline through gradual mixing with the surrounding 
oceanic water or when the food supply of the cladocerans decreases. In the 
present collections, resting eggs were found on individuals from the collections 
made at two stations (669, 670). If the resting eggs of E. tergestina sink upon 
the death of the parent, as they appear to do in Evadne nordmanni (see Bain-
bridge 1958), it seems unlikely that the young would be able to reach the 
surface waters if the eggs actually hatched, since the depth where the large 
cladoceran populations were found is between 1000 and 5000 m. It would 
thus appear that these large oceanic cladoceran populations are ephemeral 
concentrations that decay as the lense loses its low-salinity characteristics. 
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APPENDIX I 

Li st of Copepod and Cladocera species. 

COPEPODA 

Calanoida 

Acartia danae 
A. negligens 
A . tonsa 
Acrocalanus andersoni 
A. longicornis 
Aetideus armalus 
Arietellus armatus 
A. giesbrechti 
A. setosus 
Augaptilus glacialis 
A. longicaudatus 
Calanopia americana 
Calanus tenuicornis 
Calocalanus contractus 
C.pavo 
C. plumulosus 
C. styliremis 
C. tenuis 
Candacia bipinnata 
C. curia 
C. ethiopica 
C. longimana 
C. pachydactyla 
C. paenelongimana 
C. varicans 
Centropages furcatus 
C. violaceus 
Clausocalanus arcuicornis 
C.farrani 
C.furcatus 
C.paululus 
C.pergens 
Chiridus poppei 
Chirundina streetsi 
Ctenocalanus vanus 
Euaetideus acutus 
E. giesbrechti 
E uaugaptilus hecticus 
Euaugaptilus sp. 
Eucalanus attenualus 
E. elongatus 
E. pileatus 
Euchaeta acuta 

E. gracilis 
E. marina 
E. media 
E . paraconcinna 
E. spinosa 
Euchirella amoena 
E. bitumida 
E. curticauda 
E. truncata 
E . messinensis 
E. pulchra 
E. rostrata 
E . splendens 
Gae/anus miles 
G. minor 
Haloptilus acutifrons 
H. austini 
H.fertilis 
H. longicornis 
H. mucronatus 
H. ornatus 
H . oxycephalus 
H. spiniceps 
Heterorhabdus papilliger 
H . spinifrons 
H . vipera 
Heterostylites longicornis 
Labidocera jluviatilis 
L. nerii 
Lophothrix f rontalis 
L. latipes 
Lucicutia clausi 
L. jlavicornis 
L. gemina 
L.gaussae 
Mecynocera clausii 
Microcalanus pygameus 
Mimocalanus cultrifer 
Mormonilla minor 
Nannocalanus minor 
Neocalanus gracilis 
N. robustior 
Paivella inaciae 
Paracalanus aculeatus 
P. parvus 
P. denudatus 

Paracandacis bispinosa 
P. simplex 
Paraugaptilus buchani 
Pleuromamma abdominalis 
P. borealis 
P. gracilis 
P. piseki 
P . quadrungulata 
P . xiphias 
Phaenna spinifera 
Pontella securifer 
P. spinipes 
Pontellina plumata 
Pontellopsis perspicax 
P. villosa 
Racovitzanus Levis 
Rhincalanus cornutus 
Scaphocalanus brevicornis 
S. curtus 
S. echinatus 
S. longifurca 
S. subbrevicornis 
Scolecithri cella abyssalis 
S. ctenopus 
S. dentata 
S.profunda 
S. tenuiserrata 
S. vittata 
Scolecithrix bradyi 
S. danae 
Scottocalanus pe,·secans 
S. securifrons 
Scottocalanus sp. 
Spinocalanus abyssalis 
Temora stylifera 
T. turbinata 
Temoropia mayumbaensis 
Undeuchaeta major 
U. plumosa 
Undinella simplex 
Undinula vulgaris 

Cyclopoida 

Copilia lata 
C. mediterranea 
C. mirabilis 
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C. quadrata 
C. <t.Jitrea 
Corycaeus spp. 
Lubbockia squillimana 
L . aculeata 
0ncaea spp. 
0ithona atlantica 
0. hamala 
0 . hebes 
0 . nana 
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0 . plumifera 
0. robusta 
0 . setigera 
0 . <t.1i<t.1ida 
0 . tenuis 
Pachos punctatum 

Harpacticoida 

Aegisthus mucronatus 

[25, I 

Macrosetella gracilis 
Miracea efferata 
M. minor 
0culosetella gracilis 

CLADOCERA 

E<t.1adne tergestina 
Pen ilia a<t.Jir ostris 
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