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Abstract
During Integrated Ocean Drilling Program Expedition 339, the
shipboard micropaleontological studies of Site U1387 core catcher
samples revealed the preservation of diatoms and radiolarians in
specific depths from early Pleistocene age (900–1000 ka). To eval-
uate the ecological significance of those diatoms, we analyzed 98
samples from the intervals of 244 to 274 m along the corrected
splice, corresponding to marine isotope Stage (MIS) 25 to MIS 29,
for the abundance of diatoms and silicoflagellates. In 6 samples,
the composition of the diatom assemblage was determined as
well. Although most samples were barren of siliceous microfossils,
the downcore record revealed two intervals, 249–252 corrected
meters composite depth (cmcd) and 263–265 cmcd, where dia-
toms and silicoflagellates reach their maximum values. These
maxima occurred from the MIS 26/25 transition to interglacial
MIS 25, and again during early MIS 27. The diatom assemblage in-
cludes 27 identified taxa with Chaetoceros (Hyalochaete) resting
spores being dominant and Thalassionema nitzschioides and Para-
lia sulcata significant. The Chaetoceros spores clearly indicate
strong influence of seasonal upwelling and associated high pri-
mary productivity. Special to the diatom record is, however, the
occurrence of the large-diameter (>125 µm) centric diatoms Cosci-
nodiscus asteromphalus, Coscinodiscus apiculatus, and Coscinodiscus
cf. gigas that imply incursions of low-nutrient, open-ocean water
into the southern Portuguese coast during MIS 25.

Introduction
Diatoms are unicellular algae that segregate into opaline silica
frustules with two valves and constitute one of the major players
in the basis of the trophic chain. Planktonic and benthic forms
exist in both freshwater and marine environments and reflect the
environmental conditions in such settings, making these organ-
isms excellent indicators for past environments. In the modern
ocean, diatoms are abundant in sediments underlying temperate
continental shelves, where nutrient and photic conditions in the
upper mixed oceanic layer are seasonally favorable for them to
quickly divide and dominate the phytoplankton communities
(the “spring bloom”) and in upwelling regions where nutrient in-
put can be seasonal or perennial (coastal, equatorial, and high-lat-
itude regions). Contrary to the small r-strategic species that domi-
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nate in those regions, in the open ocean, where
conditions are typically oligotrophic, diatoms tend
to be larger and in some cases capable of actively reg-
ulating their buoyancy to counter sinking rates
(Dugdale and Wilkerson, 1998). However, open-
ocean diatoms might also become very abundant
through concentration along frontal regions or ther-
mal wave instabilities (Yoder et al., 1994), which are
recorded in the sediments as diatom mats (Kemp,
1995; Smetacek, 2000; Kemp et al., 2006).

The standard shipboard micropaleontological evalu-
ation of the sites recovered during Integrated Ocean
Drilling Program Expedition 339, Mediterranean
Outflow (see the “Site U1387” chapter [Expedition
339 Scientists, 2013]), revealed the presence of dia-
toms (some pyritized) and radiolarians in core
catcher samples from Site U1387 (36.8°N, 7.7°W; 559
m below sea level; Fig. F1), especially in Sample 339-
U1387B-24X-CC. As a follow up, we investigated the
total abundance (valves/gram) and diatom assem-
blage composition, as well as the presence of other
siliceous microfossils in samples surrounding this
level, in order to evaluate its ecological meaning.

Site U1387 is under the direct influence of the upper
core of Mediterranean Outflow Water (MOW) (see
the “Site U1387” chapter [Expedition 339 Scientists,
2013]); Voelker et al., 2015), and surface waters of
subtropical origin are transported by the eastern
branch of the Azores Current (far offshore) and the
eastbound Gulf of Cadiz Slope Current (GCC), an
open-ocean current located along the southern Ibe-
rian margin (Peliz et al., 2009) (Fig. F1). During the
upwelling season (May–September), the filament
formed off Cape São Vicente frequently extends east-
ward along the southern shelf break and slope of
Portugal (Relvas and Barton, 2002), potentially influ-
encing Site U1387. In addition, a local upwelling
plume can form off Cape Santa Maria (Fig. F1) under
westerly winds (Criado-Aldeanueva et al., 2006; Na-
varro and Ruiz, 2006).

Methods and materials
Diatom and other siliceous microfossil abundance
was analyzed on 98 samples of Cores 339-U1387B-
24X through 26X and 339-U1387A-25X and 26X
(Table T1) following the corrected composite depth
of the new splice for the early to Middle Pleistocene
section at Site U1387 (Voelker et al., unpubl. data).

For diatom quantification, sediments were cleaned
and mounted according to the method described by
Abrantes et al. (2005). Diatom counting (centric,
pennate, freshwater, benthic, Chaetoceros resting
spores, and fragments) was undertaken according to
the unit definitions by Schrader and Gersonde
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(1978) at 1000× magnification using a Nikon micro-
scope with differential interference contrast illumi-
nation.

Quantitative abundance estimation is based on the
median value obtained from counts of 100 random
fields of view on 3 replicate slides for each sample.
With this counting method, and knowing the area of
the microscope field of view (FOV), the absolute
number of diatom valves per gram of sediment can
be calculated as

Valves/g = [(N × (S/s)] × (V/v)/W,

where

N = median number in 100 FOV and 3 replicate
slides,

S = area of the evaporation tray,
s = area of slide covered for counting, 
V = total solution,
v = solution volume extracted to dry, and
W = weight of the treated, dried raw sample.

Absolute diatom numbers are presented as number
of valves per gram of sediment and silicoflagellates
as number of specimens per gram of sediment. Anal-
ysis of replicate slides reduce the analytical error on
the estimate of absolute abundances to 10% of
measured values.

Assemblage composition was determined for 8 sam-
ples selected on the basis of total diatom abundance
(Fig. F2C). Percent abundance is calculated from the
identification of 300 specimens, but in cases where
total diatom abundance fell below 106 valves/g, the
number of specimens counted was reduced to 100
(Fatela and Taborda, 2002).

Diatom identification followed the descriptions of
Hustedt (1964), Hasle (1977), Carmelo (1996), and
Round et al. (2007), and a list of the 27 identified
taxa is presented in Table T2. The dominant taxa
were considered independently as well as grouped
according to their ecological preferences (e.g., ben-
thic, freshwater, marine). Within the marine group-
ing we also split the pelagic forms into cold- and
warm-water groups (Hustedt, 1964; Hasle, 1977; Car-
melo, 1996). Groups that comprise <2% of the total
diatom assemblage were discarded from further anal-
yses.

As pointed out by Voelker et al. (2015), the ship-
board splice of Site U1387 is incomplete within the
middle to early Pleistocene section. The higher reso-
lution X-ray fluorescence (XRF) and foraminiferal
shell stable isotope records were therefore used to re-
vise the splice resulting in a corrected meters com-
posite depth (cmcd) scale. The current study encom-
passes samples from 244 to 274 cmcd (~236–260
2
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mcd) and the splice corrections within this interval
include

1. Appending the top of Section 339-U1387A-25X-
1 to the bottom of Section 339-U1387B-24X-
CC;

2. Incorporating 2.94 m into the splice for a transi-
tion from Section 339-U1387B-25X-6, 125 cm,
to 339-U1387A-26X-1, 5 cm; and

3. Adding 0.96 m at the subsequent splice transi-
tion for a shift from Section 339-U1387A-26X-4,
113 cm, to 339-U1387B-26X-1, 78 cm.

Samples of Core 339-U1387B-24X themselves al-
ready inherited additional 8.53 m to their mcd val-
ues (from splice corrections above).

The stratigraphy of the studied interval is based on
the 18O record of the planktonic foraminifer Globi-
gerina bulloides (Fig. F2A).

Results
Diatom and silicoflagellate abundances

The total abundance of diatoms and silicoflagellates
is presented in Figure F2. Although most of the stud-
ied interval is barren of both siliceous microfossils,
they co-occur with abundances that are on the same
order of magnitude (106) as encountered in surface
(approximately modern) sediments of the Portu-
guese margin (Abrantes, 1988) in two specific inter-
vals, 249–252 and 263–265 cmcd (e.g., from the MIS
26/MIS 25 transition to the middle of the interglacial
period of MIS 25 and, again during early MIS 27
(middle of MIS 27c) (Fig. F2).

High diatom abundance in the sediments is a good
indicator of increased primary production in the sur-
face waters. However, given that several environ-
mental conditions can lead to increased production,
it is important to evaluate the assemblage’s composi-
tion. Figure F3 shows the contribution of the differ-
ent species/groups to the total assemblage in 6 of the
8 samples containing a sufficient number (95) of di-
atoms. Resting spores of the genus Chaetoceros domi-
nate the assemblage (45%–65%) at all levels, al-
though their highest abundance occurs at 252.00
cmcd, which according to the isotopic stratigraphy
corresponds with MIS 26/25 transition. Other signifi-
cant contributors to the assemblage are Thalas-
sionema nitzschioides and Paralia sulcata, with T. nitzs-
chioides being important at the interglacial MIS 25
maximum and P. sulcata at the early MIS 27 maxi-
mum. Large (>125 µm) Coscinodiscus, mainly Coscin-
odiscus asteromphalus (Fig. F4A) and few Coscinodiscus
apiculatus and Coscinodiscus cf. gigas (Fig. F4B), were
observed at two levels (249.68 and 249.91 cmcd)
during the MIS 25 interglacial period and in the
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shipboard core catcher sample of Core 339-U1387B-
24X. Although abundant at both levels, higher num-
bers were observed at 249.91 cmcd in Sample 339-
U1387B-24X-5, 124.5–126.5 cm, in which specimens
>63 µm but <125 µm were also common but were
mostly pyritized.

In respect to ecologic groups, the cold-water pelagic
forms never contribute >4% and the warm-water pe-
lagic forms have higher contribution during early
MIS 27 (Fig. F3A). The low abundance of benthic
forms (<2%) is an important indication that the
downcore diatom signal is likely to be a record of lo-
cal oceanographic conditions rather than the result
of downslope transport from shallower depths (<200
m) caused either by bottom currents or sedimento-
logical processes, although the identified forms are
relatively resistant to dissolution (Fig. F3B).

All three important components of the diatom as-
semblage (Chaetoceros resting spore, T. nitzschioides,
and P. sulcata) are common in the shelf and upper
slope sediments of coastal upwelling regions. On the
Portuguese coast, species of the Chaetoceros genus are
mostly important during the seasonal upwelling pe-
riod, and the highest abundance of their resting
spores in the sediments mark the inner upwelling
front (Abrantes, 1988; Abrantes and Moita, 1999;
Moita, 2001). T. nitzschioides is a species commonly
found in and around productive coastal upwelling
regions in particular off Peru (de Mendiola, 1981)
and in the Atlantic and equatorial Pacific (Hasle,
1959). On the Portuguese margin, it is present in the
water column throughout the year and is homoge-
neously distributed in the Portuguese shelf sedi-
ments. P. sulcata is rare in the water column where it
appears in near-coast upwelling centers but is com-
mon in the shelf sediments.

Notable to this record is the presence of Coscinodiscus
asteromphalus, a large-diameter species (Fig. F4A) as-
sociated with stratified low-nutrient water not com-
mon in the water column nor in recent or late qua-
ternary sediments of the Portuguese and northwest
African margins (Abrantes, 1991a, 1991b; Nave et al.,
2003; Romero et al., 2008). However, in the Gulf of
California, C. asteromphalus forms large blooms
during the fall that sink when the thermocline
breaks down (Round, 1968; Kemp, 1995; Kemp et al.,
2006). The species has also been described in Peru
sediments where Chaetoceros spores are less abun-
dant (Schuette and Schrader, 1981; Fleury 2015).

Although the high abundances of Chaetoceros resting
spores and T. nitzschioides suggest oceanographic
conditions favorable to increased primary productiv-
ity from the MIS 26/25 transition to the interglacial
period of MIS 25, the presence of C. asteromphalus
implies incursions of open-ocean water into the
3
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southern Portuguese coast and low-wind conditions
during the interglacial period of MIS 25.
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Figure F1. Northern Gulf of Cadiz with the position of Site U1387 and major currents. Red arrows = Gulf of
Cadiz Current (GCC), blue arrows = main pathway of the upper Mediterranean Outflow Water (u-MOW).
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Figure F2. A. 18O record of planktonic foraminifer Globigerina bulloides providing stratigraphic framework. 
B–D. Diatom and silicoflagellate abundance variations. Dots in B = different levels analyzed. Black crosses in
C = 8 samples in which the diatom faunal composition was studied. Dashed lines mark marine isotope stage
(MIS) boundaries. VPDB = Vienna Peedee belemnite.
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Figure F3. A. Diatom dominant species and ecological groups distribution within the 6 samples containing di-
atoms. In two samples, the number of diatom specimens encountered in 3 slides was <95; therefore, their as-
semblage composition is not considered. B. Contribution of resistant and weakly silicified diatoms.
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Figure F4. Light microscope views of (A) Coscinodiscus asteromphalus and (B) Coscinodiscus cf. gigas valves col-
lected from the >125 µm fraction (Sample 339-U1387B-24X-5, 124.5–126.5 cm; 249.91 cmcd).
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Table T1. Abundances of total Chaetoceros resting spores, marine and freshwater diatoms, and silicoflagellates,
Site U1387. (Continued on next page.)

Hole, core, section,
interval (cm)

Depth 
(cmcd)

Chaetoceros
(spores/g)

Marine diatoms 
(valves/g)

Freshwater 
diatoms 

(valves/g)
Silicoflagellates     
(specimens/g)

339-
U1387B-24X-2, 72–74 244.88 0 0 0 0
U1387B-24X-2, 99.5–101.5 245.16 0 0 0 0
U1387B-24X-2, 125.5–127.5 245.42 0 0 0 0
U1387B-24X-3, 1–3 245.67 0 0 0 0
U1387B-24X-3, 23–25 245.89 0 0 0 0
U1387B-24X-3, 50–52 246.16 0 0 0 0
U1387B-24X-3, 72–74 246.38 0 0 0 0
U1387B-24X-3, 103–105 246.69 0 0 0 0
U1387B-24X-3, 127–129 246.93 0 0 0 0
U1387B-24X-4, 3–5 247.19 0 0 0 0
U1387B-24X-4, 29–31 247.45 0 0 0 0
U1387B-24X-4, 54–56 247.70 0 0 0 0
U1387B-24X-4, 79.5–81.5 247.96 0 0 0 0
U1387B-24X-4, 102–104 248.18 0 0 0 0
U1387B-24X-4, 127–129 248.43 0 0 0 0
U1387B-24X-5, 2–4 248.68 0 0 0 0
U1387B-24X-5, 26.5–28.5 248.93 0 0 0 0
U1387B-24X-5, 49–51 249.15 0 0 0 0
U1387B-24X-5, 76–78 249.42 491,751 426,184 0 196,700
U1387B-24X-5, 102–104 249.68 8,311,144 8,552,747 0 96,641
U1387B-24X-5, 124.5–126.5 249.91 7,779,137 6,625,090 0 85,485
U1387B-24X-6, 3–5 250.19 1,458,271 1,006,412 0 61,617
U1387B-24X-6, 26–28 250.42 2,116,600 651,262 0 81,408
U1387B-24X-6, 50–52 250.66 1,001,496 321,909 0 214,606
U1387B-24X-6, 74–76 250.90 441,649 368,041 0 0
U1387B-24X-6, 99–101 251.15 1,892,097 946,048 0 0
U1387B-24X-7, 22–24 251.40 1,694,106 651,579 0 0
U1387B-24X-7, 43.5–45.5 251.62 547,652 1,163,760 0 0
U1387B-24X-CC, 11–13 251.90 667,428 1,001,141 0 0
U1387B-24X-CC, 15–17 251.94 2,517,244 419,541 0 239,738
U1387B-24X-CC, 21–23 252.00 13,073,635 2,822,717 0 495,213
U1387A-25X-1, 27–29 252.22 0 0 0 0
U1387A-25X-1, 52–54 252.47 0 0 0 0
U1387A-25X-1, 77–79 252.72 0 0 0 0
U1387A-25X-1, 101–103 252.96 0 0 0 0
U1387A-25X-1, 127–129 253.22 0 0 0 0
U1387A-25X-2, 3–5 253.48 0 0 0 0
U1387A-25X-2, 29–31 253.74 0 0 0 0
U1387A-25X-2, 51–53 253.96 0 0 0 0
U1387A-25X-2, 77–79 254.22 0 0 0 0
U1387A-25X-2, 106–108 254.51 0 0 0 0
U1387A-25X-2, 125–127 254.70 0 0 0 0
U1387A-25X-3, 2–4 254.97 0 0 0 0
U1387A-25X-3, 27–29 255.22 0 0 0 0
U1387A-25X-3, 52–54 255.47 0 0 0 0
U1387A-25X-3, 77.5–79.5 255.73 0 0 0 0
U1387A-25X-3, 102–104 255.97 0 0 0 0
U1387A-25X-3, 125–127 256.20 0 0 0 0
U1387A-25X-4, 1–3 256.46 0 0 0 0
U1387A-25X-4, 28–30 256.73 0 0 0 0
U1387A-25X-4, 52–54 256.97 0 0 0 0
U1387A-25X-4, 76–78 257.21 0 0 0 0
U1387A-25X-4, 102–104 257.47 540,552 432,442 0 0
U1387A-25X-4, 126–128 257.71 113,659 0 0 0
U1387B-25X-1, 50–52 257.89 0 0 0 0
U1387B-25X-1, 76–78 258.15 0 0 0 0
U1387B-25X-1, 103–105 258.42 0 0 0 0
U1387B-25X-1, 127–129 258.66 0 0 0 0
U1387B-25X-2, 4–6 258.93 0 0 0 0
U1387B-25X-2, 24.5–26.5 259.14 0 0 0 0
U1387B-25X-2, 53.5–55.5 259.43 0 0 0 0
U1387B-25X-2, 77–79 259.66 0 0 0 0
U1387B-25X-2, 102–104 259.91 0 0 0 0
U1387B-25X-2, 125–127 260.14 0 0 0 0
U1387B-25X-3, 3–5 260.42 0 0 0 0
U1387B-25X-3, 25.5–27.5 260.65 0 0 0 0
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C. Ventura et al. Data report: diatom and silicoflagellate records of MIS 25–27
Table T2. Identified diatom taxa and ecologies in studied samples of Site U1387.

* = taxa found only in the >63 µm sediment fraction.

U1387B-25X-3, 52–54 260.91 0 0 0 0
U1387B-25X-3, 75–77 261.14 0 0 0 0
U1387B-25X-3, 100–102 261.39 0 0 0 0
U1387B-25X-3, 127–129 261.66 0 0 0 0
U1387B-25X-4, 3–5 261.92 0 0 0 0
U1387B-25X-4, 27–29 262.16 0 0 0 0
U1387B-25X-4, 52–54 262.41 0 0 0 0
U1387B-25X-4, 78–80 262.67 0 0 0 0
U1387B-25X-4, 103–105 262.92 0 0 0 0
U1387B-25X-4, 127–129 263.16 0 0 0 0
U1387B-25X-5, 2–4 263.41 0 226,484 0 113,242
U1387B-25X-5, 27–29 263.66 109,110 0 0 0
U1387B-25X-5, 52–54 263.91 2,791,181 697,795 0 253,744
U1387B-25X-5, 77–79 264.16 3,056,211 1,641,299 0 226,386
U1387B-25X-5, 100–102 264.39 1,667,350 714,579 0 833,675
U1387B-25X-5, 127.5–129.5 264.67 485,951 242,976 0 121,488
U1387B-25X-6, 5.5–7.5 264.95 0 0 0 112,758
U1387B-25X-6, 26–28 265.15 0 0 0 0
U1387B-25X-6, 53–55 265.42 0 0 0 0
U1387B-25X-6, 77–79 265.66 0 0 0 0
U1387B-25X-6, 103–105 265.92 0 0 0 0
U1387B-25X-6, 125–127 266.14 0 0 0 0
U1387A-26X-1, 5–7 266.14 0 0 0 0
U1387A-26X-1, 29–31 266.38 0 0 0 0
U1387A-26X-4, 1–3 270.60 0 0 0 0
U1387A-26X-4, 51–53 271.10 0 0 0 0
U1387A-26X-4, 75–77 271.34 0 0 0 0
U1387A-26X-4, 99–101 271.58 0 0 0 0
U1387A-26X-4, 125–127 271.84 0 0 0 0
U1387B-26X-2, 100–102 273.44 0 0 0 0
U1387B-26X-2, 126.5–128.5 273.71 0 0 0 0
U1387B-26X-3, 3–5 273.97 0 0 0 0

Taxa Ecology

Actinocyclus ochotensis A.P. Jousé Pelagic, warm water
Actinocyclus senarius (Ehr.) Ehrenberg Neritic, cosmopolitan
Bacteriastrum hyalinum Lauder Benthic
Biddulphia spp. S.F. Gray Benthic
Chaetoceros spp. Ehrenberg Neritic, productive turbulent waters
Campylodiscus spp. Ehrenberg ex Kützing Benthic
Coscinodiscus spp. Ehrenberg Pelagic, warm water
Coscinodiscus asteromphalus Ehrenberg* Pelagic, warm water
Coscinodiscus apiculatus Ehrenberg* Pelagic, warm water
Coscinodiscus cf. Coscinodiscus gigas Ehrenberg* Pelagic, warm water
Denticula spp. Kützing Pelagic
Diploneis bombus Ehrenberg Benthic
Eunotia spp. Ehrenberg Freshwater
Navicula spp. Bory de Saint-Vincent 
Navicula marina Ralfs in Pritchard Pelagic, warm water
Paralia sulcata (Ehr.) Cleve Neritic shadow species
Rhizosolenia spp. Ehrenberg 
Rhizosolenia bergonii H. Pergallo Pelagic, warm water
Proboscia alata (Brightwell) Sundström Pelagic, cosmopolitan
Proboscia hebetata Bailey Pelagic, cold water
Proboscia styliformis Brightwell Pelagic, warm water
Stephanopyxis turris (Grev.) Ralfs Neritic
Thalassionema nitzschioides (Grunow) Mereschkowsky Pelagic, cosmopolitan
Thalassiosira spp. Cleve
Thalassiosira oestrupii (Ostenfeld) Hasle Pelagic, warm water
Thalassiosira trifulta G. Fryxell in Fryxell and Hasle Pelagic, cold water
Thalassiothrix cf.Thalassiothrix longissima Cleve and Grunow Pelagic, cosmopolitan

Hole, core, section,
interval (cm)

Depth 
(cmcd)

Chaetoceros
(spores/g)

Marine diatoms 
(valves/g)

Freshwater 
diatoms 

(valves/g)
Silicoflagellates     
(specimens/g)

Table T1 (continued).
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