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The western border of South America is exposed to the
northward-moving Peru Current System. This flow is directed
to the northwest off the coast of Ecuador, to contribute to the
south equatorial current moving westward. The Gal4dpagos
Islands are situated along the northern border of this cur-
rent system, approximately 816 km beyond the coast of Ecua-
dor. Wyrtki (1967) has described an equatorial front that
commonly exists between these locations, which separates the
tropical surface waters north of this front, from the cooler
and more saline equatorial surface waters to the south. Wyrtki
presents this front as continuing westward to and beyond the
Galipagos Islands.

Phytoplankton collections in the Peru Current System have
indicated predominantly a diatom flora of Chaetoceros, Rhizo-
solenia, Corethron, Synedra, and Planktoniella species (Gun-
ter, 1936; Hendy, 1937; Krasske, 1941). Mann (1907) de-
scribed diatoms he found in dredgings off the Galipagos
Islands. However, his findings are limited in scope, due to his
preparation methods which resulted in a high loss of the more
delicate diatoms. Hendy (1937) made collections of diatoms

1 The author thanks the Stanford Oceanographic Expedition Program for use of
facilities aboard the R/V Te Vega during Cruise #19 supported by NSF grants
GB6870 and GB6871.
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off Santa Elena and Cape Blanco, located north and south of
the Gulf of Guayaquil. He noted counts consisting of up to 23
diatom species at the cooler and more shallow coastal stations
off Cape Blanco (St. WS 708-714). The numbers of diatom
species decreased seaward with only Rhizosolenia alata, R.
hebetata, and Licmophora lyngbyei reported at a station 78 km
off the coast. The phytoplankton composition off Santa Elena
(St. WS 715) contained Chaetoceros as the most common of
six diatom species present. This station was in warmer waters
directly off the coast. Hendy did not include any of the
phytoflagellates in his listings. Marshall (1970) described the
phytoplankton composition along a transect extending north
of the Gulf of Guayaquil to the Gulf of Panama. The phyto-
plankters were predominantly a warm-water flora along this
tract, with diatoms in greater abundance in the near-shore
stations and the phytoflagellates more numerous in open
waters. West of the Gal4dpagos Islands, equatorial phytoplank-
ton has been described by Pavillard (1935), Graham and
Bronikovsky (1944), Rampi (1952), Hasle (1959, 1960a,
1960b), and Semina (1960, 1962). Desrosieres (1969) re-
ported macrophytoplankton composition along the equatorial
Pacific, sampling from the Galdpagos Islands westward. He
noted a definite decrease in the amount of macroplankton
and nutrients along this transect.

The major purpose of this paper is to present observations
on the phytoplankton composition east of the Galipagos Is-
lands to Ecuador, and to note the phytoplankton in the waters
within the channels of this island complex.

METHODS

Phytoplankton and hydrography data were obtained during
Stanford Oceanographic Expedition #19 aboard the Te Vega
in August 1968. Nansen water bottles were used to obtain
water samples at the surface, 10, 30, 75, 100, 150, 200, and
300 meters at each of the open-water stations. In addition,
surface water bucket samples were taken between the var-
ious islands, while aboard a ketch operated by Mr. Karl Anger-
meyer. In each case, a 500 ml water sample was preserved
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immediately with neutralized formalin for phytoplankton
analysis. After a 3-week settling period, a 30-40 ml con-
centrate was obtained by siphoning. The concentrated samples
were transferred to 50 ml settling cylinders for examination
with a Zeiss inverted microscope (12.5 X ocular and 40 X ob-
jective, NA 0.65).

Gratitude is expressed to Mr. Thomas Malone for chemical
analysis of water samples made aboard the Te Vega, and to
Dr. Andrew Mclntyre and Mr. J. A. Kostecki of the Lamont
Geophysical Laboratory for preparation of EM grids and sub-
sequent use of an electron microscope used in the identifica-
tion of coccolithophores. Appreciation is also extended to Mr.
Roger Perry and the staff of the Darwin Research Station for
use of their facilities in Santa Cruz, Galdpagos.

ResurLts AnD Discussion

Open-Water Stations: Five stations were located between
Ecuador and the Galdpagos Islands (Fig. 1). In contrast to
hydro-stations located within the waterways of the island com-
plex, these will be referred to as open-water stations. The
greatest numbers and species diversity of phytoplankters oc-
curred at station 91, located approximately 150 km west of
Santa Elena, Ecuador. This station was located farther south
(2° 29’ S lat.), had the coldest surface temperature (19.35°C),
and highest surface salinity (34.85%), than the other three
stations. A corresponding decrease in surface salinity and oxy-
gen content was also recorded north of station 91. An apparent
oceanic front was crossed proceeding northwest to stations 141
and 137, where surface temperatures were 24.50°C (1° 33” S
lat.) and 24.59°C (0°00 lat.), respectively. The warmer sur-
face waters at these stations overlaid a colder and more saline
water mass. Temperature and salinity values varied slightly
over the first 10 m of depth. However, the temperature drop
between 10 and 30 m was over 5°C at each of these two
stations (Table 1). Salinity values also decreased sharply
with maximum salinity reached at approximately 75 m for
both stations. A slightly lower thermocline appeared at sta-
tions 91 and 95 between 30 and 75 m. The oxygen values for
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TaBLE 1. Data obtained at open-water stations between Ecuador and
the Galadpagos Islands.

Depth T S 0: PO;-P NOs-N
m °C %o ml/1 pgA/l ugA/l

1. Station 91. Location: 02° 29’ S, 82° 30 W. Date: 8 August 1968

0 19.35 34.85 5.30 1.0 10.8
10 19.36 34.85 5.23 0.8 —
30 19.30 34.89 5.14 0.8 18.6
75 16.19 35.04 2.31 14 134
100 15.38 35.00 1.99 1.5 40.0
150 14.81 34.99 1.76 1.6 —
200 14.18 34.97 1.65 16 26.5
300 13.30 34.94 0.31 2.3 45.5
II. Station 95. Location: 01° 56’ S, 85° 37" W. Date: 11 August 1968
0 21.18 34.80 4.85 0.7 0.0
10 21.12 34.80 5.05 0.8 0.0
30 21.12 34.80 4.96 0.8 8.5
75 15.09 35.06 2.11 1.5 25.1
100 14.58 35.01 1.93 1.6 26.0
150 14.27 34.96 145 1.7 12.0
200 13.82 34.97 1.6 14 274
300 12.84 34.92 0.3 2.4 40.2
III. Station 99.* Location: 01° 20’ S, 88° 56° W. Date: 12 August 1968
0 22.16 34.38 4,99 1.5 2.5
10 22.12 34.38 5.10 - 37.9
30 21.72 34.42 4.85 1.7 62.7
75 16.54 35.10 2.82 6.8 20.1
100 — — - - —_
150 14.27 35.01 2.28 4.6 29.4
200 13.76 34.97 2.25 - 25.5
300 12.84 34.93 0.47 6.1 43.0
IV. Station 137. Location: 00° 00", 87° 37" W. Date: 26 August 1968
0 24.59 33.96 4.68
10 24.61 33.96 4.91
30 19.95 — 2.99
75 15.64 35.13 2.71
100 14.78 35.09 3.08
150 14.29 35.07 2.06
200 13.80 35.02 0.93
300 10.95 34.87 0.39

* Station 99 also listed as inter-island station 1.
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TasLE 1. Continued.

Depth T S 02 POs-P NOs-N
m °C %o ml/1 ungA/l ngA/l

V. Station 141. Location: 01° 33’ S, 84° 52’ W. Date: 27 August 1968

0 24.50 33.91 4.65
10 24.48 33.91 5.20
30 19.32 34.99 4.91
75 16.27 35.13 2.36
100 15.40 35.07 2.25
150 16.64 35.01 1.82
200 14.15 34.99 1.61
300 11.25 34.83 0.10

the upper 30 m at the open-water stations ranged from 2.99
ml/l at 30 m, station 137, to 5.30 ml/]l from the surface at
station 91. Values recorded below these depths decreased
from 2,71 ml/l at 75 m (station 137) to 0.3 ml/I at 300 m
(stations 91 and 95). The phosphate concentrations at stations
91 and 95 ranged in the upper 30 m between 0.7 and 1.0
rgA/l, with nitrates ranging from 0.0 to 8.5 ugA/l at station
93, and 10.8 to 18.6 pgA/l at station 91. Nutrient analysis at
station 99, located 67 km east of the Gal4dpagos Islands, showed
higher values for both phosphate and nitrate concentrations.
Over the upper 30 m, nitrates increased from 2.5 to 62.7 ugA/l
with depth, with phosphates at 1.5 to 1.7 pgA/L.

Thirty-nine phytoplankters were identified at station 91 (0-
300 m). The diatoms predominated in numbers, with Chaeto-
ceros decipiens, Coscinodiscus spp., Guinardia flaccida, and
Rhizosolenia spp. representing the majority of species. There
were 29 diatom, nine pyrrhophycean, and one silicoflagellate
species observed at this station. The numbers of total phyto-
plankton decreased, with fewer species of diatoms observed, at
stations west and north of 91 (Table 4). This decline in num-
bers continued westward to the surface samples taken 67 km
east of San Cristobal (station 99). In all of these later stations,
both diatoms and dinoflagellates were represented, but there
were no large numbers of any one species.

A wide vertical distribution of phytoplankters occurred only
at station 91. Generally, the diatoms were common at all the
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TasLE 2. Location of inter-island stations with surface water tempera-
tures and dates of sampling.

Station
Number Location °C Date
1 1° 20" S, 88° 56" W 22.2 12 August 1968
2 1° 06’ S, 89° 200 W 23.2 12 August 1968
3 Wreck Bay 22.4 24 August 1968
4 Canal de Santa Fe 22.4 16 August 1968
5 Canal de Santa Cruz 22.6 16 August 1968
6 Barrington Cove 23.4 16 August 1968
7 Academy Bay 24.6 16 August 1968
8 Canal de Isabella 22.4 18 August 1968
9 Canal de Isabella 22.5 19 August 1968
10 Canal de Pinzon 22.0 19 August 1968
11 Canal de San Salvador 23.0 19 August 1968
12 Daphne-Baltra Canal 22.2 22 August 1968
13 Canal de Itabaca 23.0 22 August 1968
14 Canal de Itabaca 23.2 22 August 1968
15 Plaza-Santa Cruz Canal 22.2 23 August 1968
16 Sullivan Bay 22.0 19 August 1968
17 Sullivan Bay 22.2 20 August 1968
18 Canal de Marchena 22.2 20 August 1968
19 Canal de Pinta 23.2 20 August 1968
20 Canal de Pinta 23.8 21 August 1968
21 Santa Maria-Isabella Canal 22.6 19 August 1968
22 Tagus Cove 21.7 17 August 1968
23 Elizabeth Bay 22.2 22 August 1968

depths sampled to 300 m. However, low counts were common
in surface samples at each of the four stations. Concentrations
were most abundant in depths to 100 m, then the numbers de-
clined rapidly. The average oxygen values at the four open-
water stations were 4.87, 2.56, 1.45, 0.27 ml/] respectively for
the surface and approximate depths of 100, 200, and 300 m.
Although several species were found restricted to depths above

TasLE 3. Data obtained from surface samples taken at stations 22 and 112.

Station T S O2 POs-P NOs-N
Number Location Date °C %o ml/l  ugA/l  ugA/l
22 Tagus Cove 18-8-68 21.70 34.95 557 0.3 0.3

112 0°17'N,93°59'W 16-8-68 21.86 34.58 4.19 1.0 12
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or below 100 m, the limited number of vertical samples prevent
general statements about the species spatial distribution.
Rhizosolenia alata and Planktoniella sol, and Oxytoxum scolo-
pax were found at all four open-water stations. Silicoflagel-
lates were noted in low concentrations at each station, with
their presence rare, but more common at the lower depths.
There were only slight changes in the phytoflagellates observed
at these stations, with the largest numbers of total cells found
at station 95.

The surface phosphate and nitrate concentrations at these
stations are below values reported by Desrosieres (1969) di-
rectly west of the Gal4dpagos. Sampling along the equator
from east to west, he noted a decrease in phosphate and ni-
trates content accompanied by a temperature rise and decline
in the standing crop. High nutrient values were reported in
the Peru Current and waters east and west of the Galidpagos
Islands by Forsbergh and Joseph (1964). Holmes et al. (1957)
further reviewed the primary production of the tropical east-
ern Pacific and showed chlorophyl data and zooplankton vol-
umes support the presence of high productivity off northwest
South America to and west of the Gal4dpagos Islands.

Station #112. (0° 17" N lat. 93° 59" W long.): Located 225
km west of Fernandina Island, only a surface sample was taken
at this most western station of the present collections. The
phytoplankton consisted mainly of the diatoms Nitzschia
delicatissima, N. pacifica, Planktoniella sol, Rhizosolenia alata,
and Thalassionema delicatula. The common phytoflagellates
were Ceratium paradoxides, Oxytoxum scolopax, Peridinium
sp., and the lone silicoflagellate was Mesocena sp. A variety
of copepods, nauplii, and tintinnids were also abundant. R.
alata and R. bergonii were both common. R. bergonii was also
prominent within the waters of the island complex, but was
not found cast of the Galdpagos Islands.

Although limited to a surface sample at station 112, the total
numbers of species and total phytoplankton, were greater here
than any of the other surface stations located east of the Gala-
pagos Islands. This sample also included large numbers of
coccolithophores. The cold-water form of Emiliania huxleyi
(Coccolithus huxleyi) and Gephyrocapsa oceanica were most
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common. The other coccolithophores at this station were
Cyclococcolithus leptoporus, Umbellosphaera irregularis, and
Discosphaera tubifera.

Nitrate and phosphate concentrations of 1.0 and 1.2 ugA/]
at this station were higher than surface values obtained at
open-water stations cast of the Galapagos Islands. However,
these concentrations were below those obtained by Desrosieres
(1969), yet support his conclusions of enriched waters and
high phytoplankton density immediately west of the Gala-
pagos Islands. Unfortunately, nutrient values were not ob-
tained at other depths in the photic zone at station 112. Desro-
sieres noted at his station (#3) closest to the Galapagos, that
the dominant species were Rhizosolenia bergonii, Planktoniella
sol, Pseudoeunotia doliolus, Coscinodiscus sp., Ceratium agar-
icum and C. furca. These species, with the exception of P.
doliolus which was found at stations 91 and 95 and C. agar-
icum, which was not observed, correspond closely to the most
abundant species found at station 112. Pavillard (1935), who
had his station No. 2 located more to the southwest (2° S
long. 94° W), observed the diatoms Coscinodiscus spp., P. sol,
R. bergonii, Asteromphalus elegans, A. heptactis, and 16
phytoflagellate species. An increase in the ratio of the phyto-
flagellates to the diatoms apparently is characteristic westward
in the open ocean along the equator (Hasle 1959, Semina
1962).

Inter-island stations: Surface water samples were taken at
23 stations in the waterways and bays among the islands and
are referred to as inter-island stations (Fig. 2). Station locations
and surface water temperatures are given in Table 2. Tem-
peratures was taken at mid-day, and ranged from 21.7°C in
Tagus Cove, on the west coast of Isabela, to 24.6°C in Academy
Bay at Santa Cruz. The currents in the open waters were con-
stantly strong, flowing northwest at 1-23/4 knots.

The lowest concentrations of phytoplankters occurred in the
waters bordering the southern fringe of the island complex
(stations 1-8, 21). Total counts for these stations ranged from
24 to 326 cells per liter (Table 5). This was the only area
where Biddulphia laevis, Licmophora abbreviata and Melosira
jurgesii were common. Other diatoms and the pyrrhophyta
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Southeastern Pacific Phytoplankton
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