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20th century fluctuations in the abundance of siliceous microorganisms
preserved in the sediments of the Puyuhuapi Channel (44° S), Chile
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ABSTRACT

We present a 100-year reconstruction of siliceous export production from sediments of the Puyuhuapi
Channel (44° S, 70° W) in the Chilean fjords. We use accumulation rates and concentrations of diatoms and
silicoflagellates, organic carbon (Corg) and biogenic opal (SiOPAL) as proxies of export production, and
fluctuations in the contribution of freshwater diatoms as proxies of rainfall in the hinterland and river
runoff. Box core sediments collected at two sites within the Puyuhuapi Channel were analyzed: Station 35
(at the head of the fjord; 56 m water depth) and Station 40 (in the middle of the Channel; 270 m water
depth). Surface sedimentation rates were 0.75 cm yr-1 at Station 35 and 0.25 cm yr-1 at Station 40. SiOPAL
content averaged ~ 4 % at both sites. Diatom accumulation rates as well as the contribution of freshwater
diatoms were higher at the head of the fjord (1.59 1010 valves m-2 yr-1 and 22 %, respectively) than in its
middle (1.08 1010 valves m–2 yr–1 and 14 %, respectively). Diatom abundances were two orders of
magnitude higher than silicoflagellate contribution at both sites. In general, diatoms typical of high nutrient
environments characterize the Puyuhuapi Channel sediments: at both sites, spores of the genus Chaetoceros
dominated the diatom assemblage (> 40 % of total diatoms; spores of Chaetoceros radicans/cinctus, Ch.
constrictus/vanheurcki, Ch. debilis and Ch. diadema). Downcore analysis reveals an overall increase in the
production of siliceous microorganisms from the late 19th century to the early 1980s, and then a decrease until
the late-1990s. We associate a decrease in freshwater diatom contribution since the mid-1970s which we
associate with a concomitant decline in rainfall in the Chilean fjords. We suggest that this decline is related
to the global atmospheric and oceanic warming of the past ~ 25 years.

Key words: siliceous microorganisms, diatoms, sediments, export production, Puyuhuapi Channel, Chilean
fjords.

RESUMEN

Se presenta una reconstrucción de 100 años de la productividad silícea exportada en sedimentos del canal
Puyuhuapi (44° S, 70° O) en los fiordos chilenos. Se utilizan las tasas de acumulación y las
concentraciones de diatomeas y silicoflagelados, carbono orgánico (Corg) y sílice biogénico (SiOPAL) como
indicadores de la producción exportada y las fluctuaciones en la contribución de diatomeas de agua dulce
como indicadores de precipitación y descargas de ríos. Se analizaron muestras de sedimentos colectadas
mediante un sacatestigo de caja en dos sitios en el canal Puyuhuapi: Estación 35 (ubicada en la cabeza del
fiordo dentro del seno Ventisquero; 56 m de profundidad) y Estación 40 (en la mitad del canal; 270 m de
profundidad de agua). Las tasas de sedimentación superficial fueron de 0,75 cm año-1 en la Estación 35 y
0,25 cm año-1 en la Estación 40. En ambos sitios el contenido promedio de SiOPAL fue de ~ 4 %. Las tasas
de acumulación de diatomeas así como la contribución de diatomeas de agua dulce fueron más altas en la
cabeza del fiordo (1,59 1010 valvas m-2 año-1 y 22 %) que en la mitad de este (1,08 1010 valvas m-2 año-1 y
14 % respectivamente). Las abundancias de diatomeas fueron dos órdenes de magnitud más altas que la
contribución de silicoflagelados. En general, los sedimentos del canal Puyuhuapi son caracterizados por
diatomeas típicas de ambientes de altos nutrientes: en ambos sitios, las esporas del género Chaetoceros
dominan la asociación de diatomeas (> 40 % de la asociación total de diatomeas, esporas de Chaetoceros
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radicans/cinctus, Ch. constrictus/vanheurcki, Ch. debilis y Ch. diadema). En general se observa un aumento
en la tasa de acumulación de microorganismos silíceos desde finales del siglo XIX hasta  comienzos de 1980,
y un descenso hacia finales de la década de 1990. Asociamos una disminución en la diatomeas, sílice
biogénico y silicoflagelados hacia el presente, sugiriendo una reducción en la productividad. Esto es
acompañado por una disminución en las diatomeas de agua dulce desde mediados de los años 1970, con una
disminución concomitante en la precipitación en el área de los fiordos chilenos. Sugerimos que dicha
disminución se relaciona con el calentamiento atmosférico y oceánico global de los últimos 25 años.

Palabras clave: microorganismos silíceos, diatomeas, sedimentos, producción exportada, canal Puyuhuapi,
fiordos chilenos.

Some chemical aspects of the Chilean fjord
sediments have been studied by Ahumada et al.
(1996), Silva et al. (1997), Silva et al. (1998b),
Pantoja et al. (2002), Rojas (2002), Silva &
Prego (2002), Sepúlveda et al. (in press),
among others. Geochronology studies have
been performed by Salamanca (1996), using
210Pb, who registered sedimentation rates of
0.19-0.41 cm year-1 between 45-46º S, by
Leventer et al. (1995)1 who reported values of
0.03-0.165 cm year-1 between 42-54° S, and by
Anderson & Archer (1999) who dated cores
from the western region of the Magellan Strait,
using 14C, and recording sedimentation rates of
13-27 cm 1.000 years-1.

The oceanic zone off Chiloé exhibits a high
productivity that apparently has increased
during the Holocene. Lamy et al. (2002)
propose that this increment is strongly tied to
the nutrient supply from the Southern Ocean by
the Antarctic Circumpolar Current (ACC) and
relate it to a northward displacement of the
ACC and the Southern Westerlies by 5º latitude
from its present position. At present, the
Southern Westerlies,  together with the
morphology of the Andes barrier, cause a
precipitation gradient in Chile producing
typical cold temperate climate conditions
without a seasonal signal south of 43°S
(Devynck 1971). Consequently, the Chilean
fjord zone presents precipitations between
1,000 and 7,000 mm year-1 (DGA 1987), and
maximum mean annual river discharge of
2,470, 3,480 and 3,340 m3 s-1 at 42, 46 and 50°
S, respectively (Dávila et al. 2002).

To date, there is only one scientific work
(Sepúlveda et al. accepted) that reports on the
productivity fluctuations of the Chilean fjords

INTRODUCTION

The Chilean fjords, located between 41° and
56° S, extend for 1,600 km and cover an area of
241,000 km2 with a large number of islands,
basins, and gulfs, formed by glacial erosion
during the Quaternary and tectonic sinking of
the central Chilean valley (Borgel 1970). The
fjords present three glacial systems: North
Patagonian Icefield (46-47°  S),  South
Patagonian Icefield (48-52° S) and Darwin
Mountains Icefield in Tierra del Fuego (54-55°
S), which together cover 19,000 km2 (Warren
& Aniya 1999). There are also several glaciers
that descend along the costal line at the head of
the fjords, creating icebergs that mix with salt
water.

There has been little research on the Chilean
fjords from a paleoclimatic and
paleoceanographic point of view, in spite of the
fact that the fjords present high sedimentation
rates, a large quantity of terrestrial sediments
contributed by river discharge, and an adequate
preservation of marine and continental proxies
that provide a unique opportunity to study the
paleoenvironmental history with high temporal
resolution. At present,  there are strong
latitudinal gradients in surface ocean
temperature and salinity (Levitus & Boyer
1994) that suggest that this region has also
been sensitive to changes in the past.

Presently, the fjords, channels and gulfs of
southern Chile are influenced by three water
masses between 0 and 600 m (e.g., Silva et al.
1998a): (a) Subantarctic Surface Water
between 0 and 150 m, which mixes with
freshwater during its introduction into the
channels being modified into Subantarctic
Surface Modified Water (Silva et al. 1995); (b)
Equatorial Subsurface Water between 150 and
300 m until 48° S (Silva & Neshyba 1979); and
(c) Antarctic Intermediate Water below depths
of 300 m.

1 LEVENTER A, S ISHMAN, J STRAVERS, S
AAVANG (1995) Holocene sedimentation rates on the
southern Chilean continental margin. Abstract O52B.
AGU Spring Meeting, 1995. S185
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throughout the last century. These authors
analyzed various productivity proxies in the
sediments (especially organic carbon,
pigments, amino acids and biogenic silica) and
indicate a constant increase in productivity
from the late 19th century to the early 1980s, a
decrease until the late-1990s, and a rise
thereafter to present-day values.

The main objective of this work is to detail
the variations in siliceous export production
during the last ~100 years using the biogenic
silica content and the abundance and
composition of siliceous microorganisms
(diatoms and silicoflagellates) preserved in the
sediments of the Puyuhuapi Channel (~44° S).
This new database allows us to (a) correlate the
biogenic silica content with diatoms and
silicoflagellates, (b) infer changes in the
specific composition of these sil iceous
microorganisms, and (c) associate the temporal
fluctuations of freshwater diatom contribution
with the historical variations in rainfall in the
study area.

Study area

The Puyuhuapi Channel is approximately 60
miles long with its main axis oriented in a SW-
NE direction. To the northeast, the Puyuhuapi
Channel is connected with the Jacaf Channel;
in the south, it connects with the Moraleda
Channel (Fig. 1). Its northernmost part, the
Ventisquero Sound, is separated into two
sectors (north and south) by the Galvarino Pass
(Valle-Levinson et al. 2001). The depth varies
from 40 m in the northern sector, to 10 m at the
shallowest part of the sill and to 80 m in the
southern part.

There is no information on circulation in the
Puyuhuapi Channel except for two studies
(Valle-Levinson et al. 2001, Cáceres & Valle-
Levinson 2004) that concentrated on the flow
on both sides of Galvarine Pass. The latter
described an anticlokwise flow throughout the
water column in the northern side of the pass
and suggested sluggish flushing and longer
residences times of the water in the northern
basin than in the south. In adition, the
shallowest and narrowest section within the
pass seems to represent a boundary between
inflows and outflows (Cáceres & Valle-
Levinson 2004).

The Puyuhuapi Channel is poor in dissolved
oxygen with values < 2.5 mL L-1 at depths
below 150 m (Silva et al. 1997). Primary
productivity was measured within the channel
during the Cimar Fiordos 7 spring cruise,
yielding values of 47.8 mg C m-2 h-1 at the head
and 6.6 mg C m-2 h-1 at the mouth of the fjord
(integrated values to 25 m water column depth)
(Astoreca et al .  2002).  In general,  the
distribution of the nutrients in the water column
has been described as having a two layer
structure, with very low concentrations in the
surface waters, a strong nutricline at about 10-
20 m depth and higher values at depth (Silva et
al. 1997). The sediments are composed of silt
and clay and are relatively rich in organic
matter (10 %), with average values of total
organic carbon (1.62 %) and total nitrogen
(0.17 %) (Silva & Prego 2002).

The Ventisquero and Cisnes rivers, with a
drainage area of 272 and 5,163 km2

respectively, discharge into the Ventisquero
Sound (the former) and the Puyuhuapi Channel
(the latter). The Ventisquero River has an
average flow of 35 m3 s-1 (average for 1995-
2000), while the existing data for the Cisnes
River (l imited to four months of 2001)
indicates a water flow of 183 m3 s-1. Due to
these fresh water inputs a well  defined
pycnocline has been described (Silva et al.
1995, 1997).

MATERIAL AND METHODS

The sediments analyzed in this study come
from the Ventisquero Sound (station 35:
44°21.37’ S, 72°34.82’ W; 56 m water column
depth) and from the middle of the Puyuhuapi
Channel (station 40: 44°49.39’ S, 72°56.02’ W;
270 m), and were collected on board the AGOR
“Vidal Gormaz” vessel of the Chilean Navy
during the Cimar Fiordos 7 oceanographic
cruise of November 2001 (Fig. 1).

A box corer was used to collect the
sediments; each box core cast was sub-sampled
on board using 7-cm diameter PVC tubes. The
tubes were sectioned in 1-cm intervals and the
samples stored in plastic bags and frozen at -
20° C for later analysis in the laboratory. The
cores used in this study were 32 cm (station 35)
and 25 cm long (station 40).
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Organic carbon (Corg) determinations were
made with an elemental analyzer Tekmar
Dorman. The lyophilized samples were
previously ground and transferred to glass vials
and acidified with HCl 15% (until effervescence).
The remaining acid was evaporated at 80 ºC for 2.

In each sample, the biogenic silica content
was determined following the molybdenum

Fig. 1: Location of cores collected in the Puyuhuapi Channel: station 35 (44°21.37’ S; 72°34.82’
W) and 40 (44°49.39’ S; 72°56.02’ W).
Ubicación de los testigos recolectados en el canal Puyuhuapi: estación 35 (44°21,37’ S; 72°34,70’ O) y 40 (44°49,39’ S,
72°56,02’ O).

blue method of Mortlock & Froelich (1989).
This method has two steps: the first one
consists in the extraction of silica from the
lyophilized sediment matrix, and the second
step is the determination of the absorbance of
the solution at 812 nm. The values reported
here are expressed as: % SiOPAL = 112.4*(Cs/M)
where Cs = silica concentration in the sample
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silicoflagellates in the slide, V = volume of
diluted sample (200 mL), v = volume of aliquot
placed onto slide (0.2 mL).

Diatoms were identified to the lowest
taxonomic level possible, based principally on
the works of: Cupp (1943), Rivera (1981),
Round et al. (1990), Sims (1996), Thomas
(1997),  Jensen & Moestrup (1998) and
Witkowski et al. (2000). For silicoflagellate
species, Takahashi & Blackwelder (1992) was
used.

The Shannon-Wiener diversity index
(Brower et al. 1998) for each sample was
calculated as H´ = -∑ pi log pi, where pi = ni /
N, pi = the proportion of the total number of
individuals per species in each sample, ni =
number of individuals per species, N = total
number of individuals per sample.

Accumulation rates (Ac)  of sil iceous
microorganisms and of SiOPAL were calculated
based on their respective concentrations in each
1-cm interval of the core (Cz), multiplied by the
bulk density (r) and the sedimentation rate
estimated from the age (t) at each core depth
(Ac= Cz*r*z/t).

The age at each core depth was derived
from radiometric dating using 210Pb, as follows:
tz=-t210*ln(Iz/Io) ,  where τ210 is the decay
constant of 210Pb (32.18 yr), and Io and Iz are
the unsupported 210Pb inventories (210Pbxs) in
the core (total) and below depth z, respectively.
The inventories (I0 and Iz) are estimated from I
= ∑ Ai ρi hi where Ai is the 210Pbxs (dpmg g-1),
ρi the bulk density in the i interval (g cm-3) and
h i is the thickness of the i interval. The
unsupported activities were estimated from
total 210Pb minus the asymptotic 210Pb activity
at depth, assumed to be in equilibrium with
226Ra in the sediment (McCaffrey & Thomson
1980, Cochran et al. 1998).

The 210Pb activities were determined by alpha
spectrometry of its daughter, 210Po (Flynn 1968),
and the constant rate supply (CRS) model
(Appleby & Oldfield 1978, Binford & Brenner
1986, McCaffrey & Thomson 1980, Cochran et
al. 1998). This method has been extensively used
in lakes and coastal sediments, and assumes (a) a
constant input of 210Pbxs (unsupported) to the
sediments, unaffected by changes in sediment
type or sedimentation rate, and (b) that there has
been no significant redistribution after
deposition.These assumptions are reasonable for
shallow, non bioturbated sediments.

in (mM), M = sample mass in mg, and 112.4 =
molecular weight of Si (28.09) * the extraction
volumen of NaOH (0.04 L) *100; and as SiOPAL

accumulation rate (g m-2 yr-1) derived from the
constant rate of supply (CRS) model of 210Pb
deposition (see below).

For the study of the siliceous microorganisms,
the station 40 core was analyzed in its totality
while some sediment intervals were selected for
the station 35 core. Wet sediment samples were
dried and ~1.5 g of dry sediment was treated
aacording to the technique described in Schrader
& Gersonde (1978) with some modifications. The
dry sediment was mixed into a solution of sodium
pyrophosphate, hydrogen peroxide 25 %, and
distilled water; this was heated and boiled for 30
minutes; hydrochloric acid was added, and boiled
once again and then left to settle for 12 hours.
Subsequently, it was repeatedly rinsed with
distilled water until reaching a neutral pH.
Permanent slides of acid-cleaned material were
prepared by placing a defined sample volume (0.2
mL) onto a microscope slide, air-dried and
mounted with Naphrax mounting medium. Two
permanent slides per sample were prepared in this
fashion.

Qualitative and quantitative analyses of
diatoms and silicoflagellates were performed at
X 400 and X 1000 using a Zeiss-Axioscope two
plus microscope with phase-contrast
illumination. For diatoms, several traverses
across each cover slip were examined,
depending on microorganism abundances. At
least two cover slips per sample were examined
in this way. About 300 valves were counted for
each cover slip. For silicoflagellates, 1/5 of
each cover slip was counted. Counting of
replicate slides indicated that the analytical
error of the concentration estimates is < 15 %.
The counting procedure and definition of
counting units for diatoms also followed those
of Schrader & Gersonde (1978).

The total number of organisms per slide was
calculated as N = ni (A/a), where A = total area
of the cover slip in (mm2) π * r2; a = area
counted (mm2), ni = number of individuals per
counted area. The total abundance of each
taxon and/or group of taxa was expressed as
concentration per gram of dry sediment (C prof):

C prof = N (V/v)/sample dry weight (g)

where N = total number of diatoms or
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Standardized anomalies of the precipitation
and freshwater diatom records were calculated
as: X-X/SD, where X is the value of the
respective parameter, X is the average of the
entire record, and SD is the standard deviation.

RESULTS

The sediments were characterized by a dark
olive color. A sand layer was present at 12-15
cm in core 40 which probably was the product
of a turbidity flow, according to preliminary
sediment observation. The samples between 22
and 25 cm contained a large quantity of leaf
remains of continental origin. A sand layer was
not observed in core 35, but leaf remains were
seen in the deepest intervals.

Chronology

No evidence of biological activity (burrow
structures, shells, living animals) was observed
during sampling; only in core 35 did we observe a
mixed layer in the upper 4 cm. Thus, the CRS
model applied to these sediments seems to be a
reasonable dating method. Based on the 210Pbxs

inventories, the ages were considered reliable
down to 6-7 cm and 25-26 cm for cores 40 and
35, respectively (Table 1). Below these depths
ages are uncertain and extremely high due to
exponential increment of the errors inherent to the
dating method (Binford 1990). Assuming that the
surface sediments represent the year 2001
(collection year), core 40 has an age of 38 years
at 6 cm (AD 1963), and core 35 of 102 years (AD
1899) at 25 cm depth (Table 1).

TABLE 1

Bulk density data and ages in cores 35 and 40
Densidad aparente y edad de cada estrato de los testigos recolectados en las estaciones 35 y 40

Station 35 Station 40

Depth in core (cm) Bulk density Interval (years) Year (AD) Bulk density Interval (years) Year (AD)
(g cm-3) (g cm-3)

0 0.30 0 2001 0.43 0 2001
1 0.31 1.52 1999 0.45 4.21 1997
2 0.38 1.54 1998 0.48 3.75 1993
3 0.49 1.89 1996 0.51 5.67 1987
4 0.50 2.20 1994 0.63 6.98 1980
5 0.52 2.51 1991 0.51 9.03 1971
6 0.54 2.66 1989 0.59 8.02 1963
7 0.55 2.80 1986
8 0.53 2.78 1983
9 0.55 2.61 1980

10 0.56 2.83 1978
11 0.59 3.03 1975
12 0.57 3.38 1971
13 0.55 3.50 1968
14 0.61 3.72 1964
15 0.64 3.59 1960
16 0.61 3.85 1957
17 0.66 3.97 1953
18 0.64 3.99 1949
19 0.68 5.22 1943
20 0.63 4.81 1939
21 0.66 5.69 1933
22 0.67 6.04 1927
23 0.62 7.53 1919
24 0.62 9.46 1910
25 0.68 11.34 1899

–

entir

–
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Organic carbon content, % SiOPAL, diatom and
silicoflagellate concentration and accumulation

Organic carbon (Corg; Fig. 2A, 2C) at station 35
varied between 0.7 (29-30 cm) and 1.8 % (0-1
cm) (X = 1.3 %), and between 0.3 (sand layer)
and 7.6 % (leaf remains) (X = 2.2 %) in station
40. The average SiOPAL content was similar at
both sites (X = ~ 4 %), but the pattern was
different. At station 35, the SiOPAL values
showed an abrupt jump at 7 cm depth, from ~4
% to ~6 %; above 7 cm, the average was 3.8 %,
while below 7 cm it was 4.9 % (Fig. 2A). In
contrast, the SiOPAL record of station 40 was
strongly affected by the presence of the sand
layer and the leaf remains, presenting large
fluctuations in SiOPAL values (1-6 %) (Fig. 2C).

Microscope analysis revealed the
dominance of diatoms in the sediments,
followed by silicoflagellates; radiolarians,
Chrysophyta cysts and sponge spicules were
rare. The diatom concentration in the surface
sediment of station 35 was moderately greater
(1.9 107 valves g-1, Fig. 2B) than at station 40
(9.9 106 valves g-1, Fig. 2D), but at both sites
diatom concentrations were two orders of
magnitude greater than that of silicoflagellates
(105 skeletons g-1; Fig. 2B and 2D). Both
microorganisms were scarce in the sand layer
and in the deeper interval consisting of leaf
remains (station 40). The correlation between
diatoms and silicoflagellates was positive and
significant: Station 40: r2 = 0.64, n = 22, P <
0.001; station 35: r2 = 0.52, n = 12, P < 0.01.

Diatom accumulation rates fluctuated
around 1010 valves m-2 year-1 at both stations,
while accumulation rates for silicoflagellates
were 2 108 skeletons m-2 year-1 at station 35
and 9 107 skeleton m-2 year -1 at station 40 (Fig.
3A, 3B). SiOPAL accumulation rates were almost
twice as high at station 35 than at station 40.
Diatoms seem to modulate SiOPAL fluctuations;
the regression index r2 between diatom
accumulations (log-transformed data) and those
of SiOPAL presented values of 0.46 (station 35)
and 0.84 (station 40), while the correlation
between silicoflagellates and SiOPAL was much
lower (r2 = 0.34, P < 0.05 and 0.11, P = 0.52,
respectively).

It is interesting to note that the accumulation
rates of diatoms, silicoflagellates and SiOPAL at
station 35 increase from the end of the 19th

century to the beginning of the 1980s (Fig. 3A);

starting at that time the pattern changes: SiOPAL

accumulation rates decrease toward the present
while the rates of the siliceous microorganisms
continue to increase but include an abrupt drop
in 1998-1999. The short record of station 40 also
shows an increase in accumulation rates over
time, and a decoupling of the silicoflagellates
with SiOPAL and diatoms beginning in the late
1980s (Fig. 3B).

Diatoms and silicoflagellates

A total of 98 taxa of diatoms and three species of
silicoflagellates were found in the two cores. At
station 35, the diversity index (H´) varied
between 2.5 (2-3 cm) and 3.9 (7-8 cm) with an
average value of H´ = 3.0 (typical for a coastal
environment, Margalef 1978). The dominant
diatom assemblage was represented by
Chaetoceros spp. (26 %), Rhizosolenia setigera/
pungens (13 %) and Cyclotella sp. (11 %)
followed by Skeletonema costatum, Chaetoceros
muelleri spores, Rhizosolenia sp. 1,
Thalassionema nitzschioides var. nitzschioides
and Paralia sulcata, among others (Table 2; Fig.
4). Diversity was homogenous at station 40 with
an average value of H´ = 2.4. Chaetoceros spp.
spores (~50 % of the total) dominated the
assemblage, accompanied by Skeletonema
costatum, Cyclotella spp., Thalassionema
nitzschioides, Rhizosolenia setigera/pungens, and
several species of small-sized Thalassiosira, in
decreasing order of importance (Table 2; Fig. 4).

Three sil icoflagellates species were
recorded at both sites: Distephanus speculum,
Dictyocha messanensis messanensis and D.
mandrai .  D. speculum  was the dominant
species contributing over 90 % to the
silicoflagellate assemblage (Table 2; Fig. 4).

Ecological groups

All diatom species or groups of species, found
in at least one sample, were assigned to each of
the following six ecological cathegories
(Appendix 1): high nutrients (HN), coastal
planktonic (CP), marine benthic (MB), cold
water (CW), warm water (WW) and freshwater
(FW). The grouping is based on ecological
characteristics as stated in well-known
bibliographies on the distribution of extant
diatoms (Cupp 1943, Round et al. 1990, Sims
1996, Witkowski et al. 2000, Romero &

–

–
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Fig. 2: Downcore profiles stations 35 (A, B) and 40 (C, D); (A) and (C): relative contribution (%)
organic carbon (Corg, black squares) and biogenic silica (SiOPAL, white squares); (B) and (D):
concentration of diatoms (black circles) and silicoflagellates (white circles) in valves and skeletons
g-1, respectively. The presence of the sand layer between 12 and 15 cm, and the terrestrial leaf
detritus layer is indicated in core 40.
Perfiles estaciones 35 (A, B) y 40 (C, D); (A) y (C): contribución relativa (%) de carbono orgánico (Corg, cuadrados
negros) y de sílice biogénica (SiOPAL, cuadrados blancos). (B) y (D): concentración de diatomeas (círculos negros) y
silicoflagelados (círculos blancos) en valvas y esqueletos g-1, respectivamente. En el testigo 40 se señala la presencia de la
capa de arena entre los 12- 15 cm y el horizonte con detritos terrestres de hojas.
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Hebbeln 2003). Sediments at station 35 were
characterized by the high nutrients group
(dominated by Chaetoceros radicans/cinctus
and Ch. constrictus/vanheurcki spores) with an
average contribution of 36 % (Fig. 5) and a
strong presence of freshwater diatoms (21 %,
e.g., Cyclotella spp., Chaetoceros muelleri).
These two groups were accompanied by coastal
planktonic (28 %; e.g., Rhizosolenia setigera/
pungens) and marine benthic species (9 %; e.g.,
Opephora pacifica, Paralia sulcata, Diploneis
spp.) (Fig. 5). The contribution of the high
nutrient group at station 40 was much greater
than at station 35, comprising, on average, 60
% of the total diatom assemblage (Fig. 5). This
group was accompanied by coastal planktonic
(15 %), freshwater (13 %) and marine benthic
diatoms (5 %). The cold-water group at both
stations did not exceed 6 %, and showed a

slight tendency toward higher values in the
deeper intervals. The warm water group was
very poorly represented. At station 35, this
group was absent throughout the core except at
25 cm core depth, while it reached 4 % in the
4-5 cm interval at station 40 (Fig. 5).

The classification of silicoflagellates into
water mass affinity groups was based on the
work of Takahashi & Blackwelder (1992) who
characterized D. speculum as typical of cold
waters, D. mandrai of temperate-cold waters,
and D. messanensis messanensis of warm
waters. D. speculum comprised more than 90 %
of the silicoflagellate assemblage in both cores
(Fig. 6). The contribution of D. messanensis
messanensis (4-9 %) was noteworthy in the
interval 6-13 cm at station 40 and in the
interval 17-18 cm of station 35, while the
record of D. mandrai was sporadic (Fig. 6).

Fig. 3: Accumulation of diatoms (valves m-2 year-1; black circles), silicoflagellates (skeletons m-2

yr-1; white circles) and SiOPAL (g m-2 year-1; white squares) at stations 35 (A) and 40 (B).
Acumulación de diatomeas (valvas m-2 año-1; círculos negros), silicoflagelados (esqueletos m-2 año-1; círculos blancos) y
SiOPAL (g m-2 año-1; cuadrados blancos) en las estaciones 35 (A) y 40 (B).



478 REBOLLEDO ET AL.

TABLE 2

Diatoms and silicoflagellates that characterize the sediments of the Puyuhuapi Channel. The species
are presented in decreasing order according to their average contribution to the total assemblage

(%). Shaded areas indicate taxa with relative percentage > 1%
Diatomeas y silicoflagelados que caracterizan los sedimentos del canal Puyuhuapi. Las especies fueron ordenadas en forma
decreciente de acuerdo a su promedio de contribución a la asociación total (%). Las áreas sombreadas indican aquellos taxa

cuyo porcentaje relativo es > 1%

Diatom Percentage station 35 Percentage station 40

Chaetoceros spp. (spores) 26.5 47.3

Rhizosolenia setigera/pungens 13.0 3.8

Cyclotella spp. 11.3 8.4

Skeletonema costatum 5.7 8.5

Chaetoceros muelleri (spores) 3.9 0.9

Rhizosolenia sp. 1 3.7 0.9

Thalassionema nitzschioides var. nitzschioides 3.5 4.1

Paralia sulcata 2.5 0.6

Pennate diatom sp. 2.3 2.3

Thalassiosira eccentrica 2.1 1.6

Thalassiosira spp. (5-12 µm) 2.0 2.4

Opephora pacifica 1.9 1.0

Thalassiosira sp. 1 1.8 0.5

Diploneis spp. 1.3 0.2

Thalassiosira tenera 1.3 0.5

Melosira spp. 1.1 0.3

Thalassiosira gerloffii 1.0 1.9

Achnanthes spp. 0.9 1.4

Ditylum brightwellii 0.8 1.5

Centric diatom sp. 0.8 1.6

Cocconeis spp. 0.7 1.4

Thalassiosira pacifica 0.4 1.6

Silicoflagellates

Distephanus speculum 98.5 92.2

Dictyocha messanensis messanensis 1.4 4.8

Dictyocha mandrai 0.1 3.0
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Fig. 4: Main taxa of siliceous microorganisms present in Puyuhuapi Channel sediments. Fig. (A)-
(Q): diatoms. Fig. (R)-(S): silicoflagellates. Fig. (T): chrysophyte cyst. (A) Valve view of resting
spore of Chaetoceros constrictus/vanheurcki. (B) Girdle view of resting spore of Chaetoceros sp.
(C) Girdle view of Chaetoceros radicans. (D) Girdle view of resting spore of Chaetoceros muelleri.
(E) Skeletonema costatum. (F) Thalassionema nitzschioides var. nitzschioides. (G) Process of Rhi-
zosolenia pungens. (H) Process of Rhizosolenia sp. 1. (I) Valve view Cyclotella litoralis. (J) Tha-
lassiosira eccentrica. (K) Thalassiosira gerloffii. (L) Process of Ditylum brightwellii. (M) Achnan-
thes sp. (N) Paralia sulcata. (O) Cocconeis sp. (P) Opephora pacifica. (Q) Melosira arctica. (R).
Distephanus speculum. (S) Dictyocha messanensis messanensis. (T) Crysophyte cyst. Scale = 10
µm in figs (A)-(C), (E)-(P), (R)-(S). Scale = 5 µm in figs (D), (Q) and (T).
Principales taxa de microorganismos silíceos presentes en los sedimentos del canal Puyuhuapi. Fig. (A)-(Q): diatomeas.
Fig. (R)-(S): silicoflagelados. Fig. (T): quiste de Chrysophyta. (A). Vista valvar espora de Chaetoceros constricuts/van-
heurcki. (B). Vista singular espora de Chaetoceros sp. (C). Vista singular espora de Chaetoceros radicans. (D). Vista
singular espora de Chaetoceros muelleri. (E). Skeletonema costatum. (F). Thalassionema nitzschioides var. nitzschioides
(G). Proceso de Rhizosolenia pungens. (H) Proceso de Rhizosolenia sp. 1. (I). Vista valvar Cyclotella litoralis. (J).
Thalassiosira eccentrica. (K). Thalassiosira gerloffii. (L). Proceso de Ditylum brightwellii. (M). Achnanthes sp. (N)
Paralia sulcata. (O) Cocconeis sp. (P) Opephora pacifica. (Q). Melosira arctica. (R). Distephanus speculum. (S). Dictyo-
cha messanensis messanensis. (T). Quiste de Crysophyta. Escala = 10 µm en Figs. (A)-(C), (E)-(P), (R)-(S). Escala = 5 µm
en Figs. (D), (Q) y (T).
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Fig. 5: Downcore profiles of the relative abundance (expressed as percentages of the whole diatom
assemblage) of the six diatom ecological groups present in the Puyuhuapi Channel sediments,
stations 35 (black circles) and (white 40 circles).
Perfiles de la variabilidad en la abundancia relativa (expresada como porcentaje del total de diatomeas) de los seis grupos
ecológicos de diatomeas presentes en los sedimentos del canal Puyuhuapi, estaciones 35 (círculos negros) y 40 (círculos
blancos).
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Precipitation record

We collected precipitation data for two sites
located adjacent to the study area: Puerto
Cisnes (44°45’ S-72º42’ W), a port in the
Puyuhuapi Channel, and Puerto Aysén (45°24’
S-72°42’ W) at the head of the Aysen Sound
(Fig. 1). Precipitation at both stations follows a
seasonal behavior with higher values between
April  and September.  Available data2

encompass the periods 1955-2002 for Puerto
Cisnes and 1931-1999 for Puerto Aysén. In
both records, rainfall values decrease from ~
4000 mm yr-1 in AD 1958 to 2000 (Aysén) and
3000 mm yr-1 (Cisnes) in AD 1999-2001. The
record is less variable for the older period
(1931-1958) and values oscillate around 2,800
mm yr-1.

Fig. 6: Downcore profiles of the relative abundance (expressed as percentages of the whole silico-
flagellate assemblage) of silicoflagellate species present in the sediments of the Puyuhuapi Chan-
nel, stations 35 (black circles) and (white 40 circles).
Perfiles de la variabilidad en la abundancia relativa (expresada como porcentaje del total de silicoflagelados) de las
especies de silicoflagelados presentes en los sedimentos del canal Puyuhuapi, estaciones 35 (círculos negros) y 40 (círculos
blancos).

DISCUSSION

The Puyuhuapi Channel is characterized by
high sedimentation rates (0.25-0.74 cm year-1),
similar to those registered for the Aysén Sound
(0.19 cm year-1) and the Costa Channel (0.28
cm year-1) by Rojas (2002), and for Chacabuco
Port (0.22 cm year-1) by Salamanca (1996). The
Corg was on average >1 % (with values ranging
0.7-3.3 %, except for the sections that contain
the sand layer and the leaf remains), agreeing
with the results recorded by Silva et al. (1997,
1998b) and Silva & Prego (2002) for the
northern fjord zone between Puerto Montt and
the Moraleda Channel.

Concentrations and accumulation rates of the
productivity proxies (Corg, SiOPAL, marine and
freshwater diatoms, and silicoflagellates) were
always greater at station 35 (Ventisquero Sound)
than at station 40 (located in the middle of the2 See Dirección General de Aguas (http:// www.dga.cl)

(C) Dictyocha mandrai
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fjord) (Figs 2, 3). Higher values at St. 35 versus
St 40 could be linked to (a) the fact that the
Ventisquero Sound represents a shallower (56
versus 270 m at station 40; Araya 1997), more
stable environmental depository, which is in
agreement with the slow water flow observed by
Cáceres & Valle-Levinson (2004; see “Study
Area”); and/or (b) higher sedimentation rates
and preservation of organic matter due to lower
dissolved bottom oxygen concentrations (<1.5
mL L-1 at the head versus 3 mL L-1 at the mouth
of the fjord, Silva et al. 1997).

Sepúlveda et al. (in press) sustain that the
temporal fluctuations of these productivity
proxies preserved in the sedimentary record
reflect changes in (a) phytoplankton production
and composition, (b) precipitation and river
discharge, and (c) anthropogenic influence,
which is most notable since the 1980s with the
establishment of salmon farms. These authors
define two contrasting periods in the Puyuhuapi
Channel, 1890-1980 and 1980-2001. The
former is characterized by high productivity,
high correlation among proxies,  and no
significant correlation with rainfall anmalies.
The latter, on the other hand, was described as
period of decreased productivity and a
significant correlation between freshwater
diatom accumulation and the precipitation
anomaly (r2 = 0.76, P < 0.05).

Comparison with other siliceous microorganism
studies in the area

There are no previous studies on siliceous
microorganisms in the Chilean fjord sediments.
The closest one to our study area is the work of
Romero & Hebbeln (2003) who analyzed surface
sediments of the continental margin off Chile,
including the oceanic area off Chiloé (< 100 km
off the coast) between 41 and 44° S. The values
reported here on biogenic silica content (SiOPAL

4-5 %) and diatoms (~107 valves g-1) in the
surface sediments of the Puyuhuapi Channel are
higher than the values reported by Romero &
Hebbeln (2003, 3.7 % and ~106 valves g-1,
respectively). Moreover, the relative
contribution of the dominant diatom group in the
Puyuhuapi Channel sediments which was
represented by the “high nutrients group” (50-60
% of the total of diatoms), is much greater than
the one reported by Romero & Hebbeln (2003)
(13-37 %). As expected, the importance of

freshwater diatoms (10 % versus ≤ 1%) was also
greater in the Puyuhuapi Channel than in the
oceanic zone. The differences between both
areas (inside the fjords versus oceanic zone of
Chiloé) are clearly highlighted in the satellite
images (see images in Acha et al. 2004), which
reveal higher chlorophyll concentrations in the
fjords modulated by the high precipitation and
river discharge that transports nutrients to the
study area (Dávila et al. 2002). As for nutrients,
their concentrations in the water column of the
fjords’ coastal zone are low due to high
consumption by phytoplankton (Silva et al.
1997).

Information on microplankton composition
in the Chilean fjords and adjacent areas is very
scarce (Toro 1984, Avaria et al. 1997, Uribe
2001) limiting possible comparisons between
water column vs. sediment species composition.
However, in an attempt to make use of previous
plankton data and compare the diatom
composition in both environments (water
column vs. sediments), it can be appreciated that
the sediments are enriched in robust, highly
silicified species (e.g., spores Chaetoceros spp.,
Skeletonema costatum, Thalassionema
nitzschioides) and that these lack delicate
species that are common in the plankton (e.g.,
Asterionella formosa, Cylindrotheca closterium,
Pseudo-nitzschia australis). This difference
suggests that there may have been an initial
signal loss due to dissolution of delicate
frustules during their descent through the water
column and/or at the water-sediment interface.
Albeit this loss, when comparing our results
with the works of Toro (1984) and Uribe (2001),
we can infer that the diatom assemblages
preserved in the sediments of the Puyuhuapi
Channel seem to reflect the most productive
seasons in an annual cycle: spring (through the
spores of Chaetoceros) and summer-autumn
(with Skeletonema costatum, Thalassionema
nitzschioides and Rhizosolenia setigera/
pungens), and that the river discharge signal is
evidenced by the contribution of freshwater
diatoms.

Freshwater diatoms in the Puyuhuapi Channel
and their relationship with precipitation in the
Chilean fjords

Temporal fluctuations in freshwater diatom
abundance in marine coastal sediments
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influenced by fluvial discharges have been
widely used by various authors (e.g., Van
Iperen et al. 1987, Pokras 1991, Uliana et al.
2001) to infer changes in river discharge and
precipitation in the adjacent continent. A
greater or lesser abundance of these organisms
in coastal marine sediments would be related
with humidity or aridity of the hinterland,
respectively.

It is interesting to note that the freshwater
diatom contribution recorded in the Puyuhuapi
Channel sediments shows a clear general
decreasing trend over time since the early
1900s (Fig. 7), and a sharp drop in the last 10
years. This trend is very notorious in core 35
where the freshwater diatom contribution
diminishes from 34 % in 1905 to ~10 % in
1998-2001.

In order to explore if there is a relationship
between freshwater diatom abundance in the
Puyuhuapi Channel sediments with the
precipitation records of the adjacent continent,
we collected available precipitation data for
two sites located nearby the study area, Puerto
Cisnes (1955-2002) and Puerto Aysén (1931-
1999)3. We lumped both records together to
avoid missing data gaps, and calculated the
standardized anomalies of precipitation for the
period 1931-2002 (Fig. 8A). Two contrasting
periods are evident in the anomaly record: (a)

1931-1971, with a high variability and both
negative and positive anomalies, and (b) 1977-
2002, with the majority of the period
characterized by negative anomalies. When the
precipitation record is compared to the
standardized anomalies of freshwater diatom
contribution (considering both cores together,
Fig. 8B), a coincidence between the records is
observed, and a reduction in both precipitation
and freshwater diatom contribution since the
mid-1970s (Fig. 8A, 8B) is especially evident.

Furthermore, we also explored the
relationship between these precipitation
changes and global climatic changes related to
the El Niño Southern Oscillation (ENSO). To
this end, we plotted the Multivariate ENSO
Index (MEI between the years 1950-2004),
which is based on the observations of six
variables: sea-level pressure, zonal and
meridional components of the surface wind, sea
surface temperature, surface air temperature,
and total cloudiness fraction of the sky3 (Fig.
8C). The MEI exhibits inter-annual and inter-
decadal variabili ty that,  in general,
characterizes the period 1950-1976 as a cold
climatic period, followed by the interval 1977-
1998 with numerous El Niño events and
symbolizing a warm climatic period (e.g.,
Chávez et al. 2003). Comparing the three
records in (Fig. 8), we can generalize that for
the Puyuhuapi Channel area the cold period
seems to be accompanied by greater
precipitation and greater freshwater diatom
contribution, while during the warm period the
opposite occurred.

It is well-known that the inter-annual
variability, especially in central Chile, is
closely related to the ENSO cycle (Aceituno
1988, Karoly 1989). During an El Niño event,
the weakening of the Pacific Anticyclone (PA)
is accompanied by a northward displacement of
the Southern Westerlies bringing heavy rainfall
(and humid anomalies) to central Chile. In
contrast, an expansion of the PA during La
Niña events results in a southward movement
(toward the pole) of these winds, reducing
winter rainfall in the area. Quintana (2004)
shows that the inter-decadal variability of
precipitation in Chile has had an opposite

Fig. 7: Temporal variability in the percentage
of freshwater diatoms during the last 100 years
at stations 35 (black circles) and 40 (white cir-
cles). The linear regression equation with its r2

and P values is indicated.
Variación temporal en el porcentaje de diatomeas de agua
dulce durante los últimos 100 años en estaciones 35 (círcu-
los negros) y 40 (círculos blancos). Se indica la ecuación
de regresión lineal con su respectivo valor r2 y P.

3 See NOA (http:/ /www.cdc.noaa.gov/ENSO/
enso.mei_index.html)
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Fig. 8: (A) Record of the standardized rainfall anomaly for Puerto Cisnes and Puerto Aysén taken
jointly (see text). (B) Freshwater diatom contribution at stations 35 and 40 (standardized anomaly
and trend with its respective r2 value). (C) Multivariate ENSO index (MEI) for the period 1950-
2004. Positive values of the MEI represent the warm ENSO phase; negative values indicate the cold
ENSO phase. In addition two long-term climatic periods are noted: one cold period between 1950
and 1976 followed by a warm period between 1977 and 1998. The gray line indicates the 2-year
moving average.
(A) Registro de la anomalía estandarizada de la precipitación para Puerto Cisnes y Puerto Aysén tomados conjuntamente
(ver texto). (B). Aporte de diatomeas de agua dulce en estaciones 35 y 40 (anomalía estandarizada y tendencia con su
respectivo valor r2). (C) Índice multivariado ENOS (MEI) para el período 1950-2004. Valores positivos del MEI represen-
tan la fase cálida del ciclo ENOS, los negativos indican la fase fría. Nótese que a su vez se distinguen dos grandes períodos
climáticos, uno frío entre 1950-1976 seguido por uno cálido entre 1977-1998 y del 2002-2004. La línea gris indica la
media móvil cada 2 años para el Índice MEI (1950-2004).

R2 = 0.67; P < 0.05
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behavior between the southern and central
regions over the last 100 years. Thus, we
assume that the equatorward displacement of
the Southern Westerlies during a warm phase
of the ENSO cycle would diminish the
precipitation in the study area, while the
opposite would occur during the cold phase of
ENSO.

In summary, the sedimentary evidence of an
overall  decrease in the contribution of
freshwater diatoms since the 1970s would be
closely related to a decrease in fluvial
contribution and precipitation over the past ~
30 years. Our observations agree with those of
Quintana (2004) who states that the most
significant reduction in precipitation in
southern Chile (between 40-45º S) occurred in
the last 30 years of the 20th Century. In
addition, we could speculate that the reduced
rainfall could be associated with the global
oceanic and atmospheric warming of the past
20-30 years (Thompson & Solomon 2002,
Karoly 2003).

CONCLUSIONS

The Puyuhuapi Channel, located at 44° S -70°
W in the Chilean fjord system, is characterized
by two distinct sedimentary environments. The
head of the Channel, the Ventisquero Sound
(station 35), registers the highest sedimentation
rates accompanied by a greater accumulation of
organic carbon, SiOPAL and sil iceous
microorganisms, while the values of these
parameters are lower in the middle part of the
channel (station 40).

The sediments are characterized by a
dominance of diatoms representative of high
nutrient environments (e.g. ,  spores of
Chaetoceros spp.), accompanied by coastal
planktonic (e.g. ,  Rhizosolenia setigera/
pungens) and freshwater species. The latter
reflects river discharges in the area. The
silicoflagellate assemblage defines the
Puyuhuapi Channel as a cold water
environment.

A negative trend in the contribution of
freshwater diatoms can be appreciated for the
past ~30 years, suggesting that this could be
associated with a drop in precipitation in the
Chilean fjord area which, in turn, could be
related to the global atmospheric and ocean

warming of the last 20-30 years. In addition,
we propose that freshwater diatom contribution
is greater during cold (1950-1976) than during
warm climatic periods (1977-1998).
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High nutrients (HN)

Resting spores Chaetoceros spp.
Chaetoceros cinctus Gran
Ch. constrictus Gran
Ch. coronatus Gran
Ch. debilis Cleve
Ch. diadema (Ehrenberg) Gran
Ch didymus Ehrenberg
Ch. radicans Shütt
Ch. vanheurcki Gran
Skeletonema costatum (Greville) Cleve
Thalassionema nitzschioides var. nitzschioides (Grunow)
Grunow

Cold water (CW)

Thalassiosira gerloffii Rivera
T. pacifica Gran & Angst
Stellarima microtrias (Ehrenberg) Hasle & Sims
Rhizosolenia borealis Sundström

Warm water (WW)

Thalassiosira ferelineata Hasle & Fryxell
Odontella longicruris (Greville) Hoban
Chaetoceros lorenzianus Grunow

Coastal planktonic (CP)

Actinocyclus curvatulus Janisch
A. octonarius var. sparsa (Greg.) Hustedt
Actinocyclus sp.
Asteromphalus heptactis (Brébisson) Ralfs
Bacteriastrum sp.
Coscinodiscus radiatus Ehrenberg
C. marginatus Ehrenberg
C. perforatus Ehrenberg
Cyclotella litoralis Lange & Syvertsen
Ditylum brightwellii (West) Grunow
Lauderia annulata Cleve
Leptocylindrus minimus Gran (Hargraves)
Pseudo-nitzschia pungens (Grunow & Cleve) Hasle
Rhizosolenia setigera Brigthwell
R. pungens Cleve
Rhizosolenia sp.1
Stephanopyxis turris (Greville & Arnott) Ralfs
Thalassiosira aestivalis Gran & Angst
T. angulata (A. Schmidt) Hasle
T. anguste-lineata (A. Schmidt) G. Fryxell & Hasle
T. decipiens (Grunow) Jørgensen
T. delicatula (chilensis) Ostenfeld (in Bogert)
T. eccentrica (Ehrenberg) Cleve
T. mendiolana Hasle & Heimdal
T. oestrupii (Ostenfeld) Hasle
T. tenera Proschkina-Lavrenko
T. sp. 1
T. spp. (5-12µm)

APPENDIX 1

Diatom ecological groups defined on the basis of their habitat according to Cupp (1943), Round et
al. (1990), Sims (1996), Witkowski et al. (2000) and Romero & Hebbeln (2003)

Grupos ecológicos de diatomeas definidos en base a su hábitat, de acuerdo a información tomada de Cupp (1943), Round et
al. (1990), Sims (1996), Witkowski et al. (2000) y Romero & Hebbeln (2003)

Marine benthic (MB)

Actinoptychus senarius Ehrenberg (Ehrenberg)
A. vulgaris Schumann
Auliscus sp.
Cocconeis spp.
Dimeregramma minor (Gregory) Ralfs in Pritchard
Diploneis didyma (Ehrenberg) P.T Cleve
D. interrupta (Kützing) Cleve
Diploneis spp.
Grammatophora angulosa Ehrenberg
G. marina (Lyngbye) Kützing
Hyalodiscus scoticus (Kützing) Grunow
H. stelliger Bailey
Melosira arctica Dickie
M. nummuloides (Dillwyn) C.A Agarh
M. lineata (Dillwyn) Agardh
M. dickiei (Thwaites) Kützing
Opephora pacifica (Grunow) Petit
Paralia sulcata (Ehrenberg) Cleve
Plagiogramma interruptum (Gregory) Ralfs
Podosira sp.
Psammodictyon panduriforme (Gregory) Mann
Pseudohimantidium pacificum Hustedt & Krasske
Rhabdonema sp.
Stictodiscus californicus R.K. Greville
Surirella spp.

Freshwater (FW)

Achnanthes spp.
Amphora sp.
Aulacoseira granulata (Ehrenberg) Ehrenberg
Bacillaria paxillifer (O.F Müller) Hendey
Chaetoceros muelleri Lemmerman
Cyclotella ocellata Pantocsek
C. meneghiniana Kützing
C. stelligera (Cleve & Grunow) Van Heurck
Cyclotella spp.
Diatoma spp.
Ellerbeckia arenacea (Ralfs& More) Crawford
Eunotia sp.
Eunotograma laevis Grunow
Fragilaria construens var. venter (Ehrenberg) Grunow
Fragilaria sp.
Frustrulia sp.
Gomphonema constrictum Ehrenberg
Hantzschia amphioxys (Ehrenberg) Grunow
Hannaea arcus (Ehrenberg) Patrick
Mastogloia sp.
Melosira spp.
Navicula palpebralis Brébisson & Smith
Navicula sp.
Nitzschia frustulum H. Bennion
Nitzschia sp.
Pinnularia sp.
Rhoicosphenia curvata (Kützing) Grunow
Rhopalodia gibba (Ehrenberg) Müller
Rhopalodia sp.
Stauroneis phoenicenteron (Nitzsch) Ehrenberg
Synedra sp.
Tabularia tabulata (Kützing) (C.A Agardh) Snoeijs


