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Abstract

The Gulf of St. Lawrence located in the northeastern part of North America is a transitional environment from estuarine to
marine conditions. Diatom analysis of 41 surface sediments samples showed great diversity with the identification of 51 genera
and 135 species. Diatom concentrations in surface sediments varied between 9× 103 and 1:9 × 106 valves per gram of dry
sediment, and mean diatom flux in the Gulf of St. Lawrence is about 53× 103 frustules=cm2

=year: Q-mode factor analysis was
performed upon 25 taxonomic categories that are defined by similar ecology. Eight factors that explain 93.8 percent of the
variance were defined. From these, 6 diatom assemblage zones that were closely related to surface water hydrography could be
delimited. The Saguenay Fjord assemblage (I) is mainly composed of fresh to brackish water speciesAchnanthesspp.,
Tabellariaspp.,Cocconeis placentulavar.euglyptaand by a marine associated taxonThalassiosiracf. pacifica. The Maritime
Estuary assemblage (II) is principally dominated by estuarine taxa, includingCyclotella meneghiniana. The Northwestern Gulf
assemblage (III) is characterized byAulacoseiraspp. The Northeastern and Central Gulf assemblage (IV) is dominated by the
resting spores ofThalassiosira antarctica. The North Atlantic assemblage (V) is marked by vegetative cells of marine
Chaetocerosspp. The last assemblage (VI) corresponds to nutrient rich and high productivity coastal areas with common
Paralia sulcata. Attempts to calculate quantitative estimates or to generate paleoecological transfer functions, in order to
characterize the relations between the modern diatom assemblages and the hydrographic conditions of the Gulf of St. Lawrence,
were not successful, in part due to the limited number of samples analyzed in this study to represent the high variability of the
whole area.

Le golfe du Saint-Laurent, situe´ au nord-est de l’Ame´rique du Nord, forme un milieu de transition complexe entre l’estuaire
du Saint-Laurent et l’oce´an Atlantique. L’analyse diatomologique de 41 e´chantillons provenant des se´diments de surface a
permis l’identification de 51 genres et de 135 espe`ces. La concentration des diatome´es varie entre 9× 103 et 1:9 × 106 frustules
par gramme de se´diment sec, alors que le flux moyen dans le golfe du Saint-Laurent est de l’ordre de 53× 103 frustules/cm2/an.
L’analyse factorielle (modeQ) de 25 groupes de taxa associe´s selon des affinite´s écologiques, a permis de de´finir 8 facteurs
expliquant 93.8 pour cent de la variance. La distribution re´gionale de ces facteurs a permis de de´limiter 6 zones e´troitement liées
aux conditions hydrographiques du milieu. Le Fjord du Saguenay (zone I) est principalement caracte´risé par les taxa d’eau
douce a` saumaˆtreAchnanthesspp.,Tabellariaspp.,Cocconeis placentulavar.euglyptaet par un taxon marinThalassiosiracf.
pacifica. L’estuaire maritime (zone II) est marque´ par l’abondance des espe`ces estuariennes, dontCyclotella meneghiniana. Le
nord-ouest du golfe (zone III) est domine´ par différentes espe`ces du genreAulacoseira. Le nord-est et le centre du golfe (zone
IV) sont compose´s par une pre´dominance des spores de dormance deThalassiosira antarctica. L’Atlantique Nord (zone V) est
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caracte´risépar une abondance des cellules ve´gétatives de plusieurs espe`ces marines deChaetoceros. Finalement, la zone (VI)
dominée parParalia sulcata, est associe´e àdes régions côtières, riches en e´léments nutritifs et tre`s productives. Malgre´ la
définition de ces 6 zones re´gionales, caracte´risées par un assemblage particulier de diatome´es, aucune corre´lation significative
n’a pu être établie entre les facteurs re´sultants de l’analyse factorielle en modeQ, et les parame`tres hydrographiques du milieu.
Cette piètre performance est en grande partie relie´e àun nombre insuffisant de sites de surface afin de repre´senter ade´quatement
la variabilité de toute la re´gion. Ainsi, aucune fonction de transfert pale´oécologique n’a pu eˆtre développée pour traduire
quantitativement les relations entre les diatome´es et le milieu.q 2000 Elsevier Science B.V. All rights reserved.

Keywords: diatoms; surface sediments; hydrographic relation; diatom abundance; Gulf of St. Lawrence;Q-mode factor analysis

1. Introduction

The Gulf of St. Lawrence (Fig. 1), covering an area
of about 250,000 km2, is located in the northeastern
part of North America. Defined as an highly stratified
semi-enclosed sea, the region includes a great variety

of environments of different salinity and temperature
(Loring and Nota, 1973).

The hydrography is characterized by a strong
summer horizontal gradient of salinity (11–34‰)
and temperature (8–158C) from the estuary to the
ocean. Important seasonal variations influence the
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Fig. 1. Map of the Gulf of St. Lawrence showing the surface circulation and the location of the CTD (salinity and temperature) profile (q) from
site 90-031-028.



region, with an average of 3.5 months of sea ice cover
during the winter (Weiler and Keeley, 1980; Petrie,
1990).

The focus of this study is to develop a regional
diatom data base in order to characterize the regional
hydrographic variations of the Maritime Estuary and
the Gulf of St. Lawrence based on the analysis of 41
surface sediment samples.

The main goals are as follows:

1. evaluate surface sediment concentrations and
fluxes of the preserved diatoms;

2. document the regional distribution of the diatom
assemblages;

3. define the relationship between diatom assem-
blages and the hydrographic parameters.

2. The Gulf of St. Lawrence and the Maritime
Estuary

2.1. Hydrography

Freshwater runoff from the St. Lawrence River

drainage basin and the Atlantic marine water entering
through Belle Isle and Cabot Straits, are mixed
together in the Gulf of St. Lawrence to generate a
complex, highly-stratified hydrographic system (Fig.
1) (Koutitonsky and Bugden, 1991).

In summer, surface water heating induces the
formation of a surface layer (seasonal thermocline)
of less than 50 m in depth, with temperature varying
from 12 to 188C and salinity of 27–32‰. Throughout
the year, the intermediate water mass, at a depth of
60–125 m, originating from the Labrador Current, is
characterized by colder temperatures21 to 28C and
salinities of 32–33‰ (Fig. 2). The bottom water mass
lying at 200–400 m, comes from the Atlantic Ocean
and is characterized by temperatures of 2–58C and
higher salinities, from 33 to 35‰ (Steven, 1974;
Dunbar et al., 1980).

Surface circulation patterns in the Gulf of St. Lawr-
ence (Fig. 1) are dominated by a density current
forced by freshwater runoff, and is strongly influenced
by atmospheric conditions (winds, tides, Coriolis
effect) and topography (El-Sabh, 1976; Dunbar et
al., 1980; Mertz et al., 1988a,b; Centre Saint-Laurent,
1996a). The main features of the circulation (Fig. 1)
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Fig. 2. Salinity and temperature profiles (November 1990) of the water column of the Gulf of St. Lawrence. This CTD profile is from site 90-
031-028 (see location on Fig. 1), located southwest of Anticosti Island in the Laurentian Channel, at latitude: 488 19,480N. and longitude: 648
23,540W. (Unpublished data, GEOTOP, Universite´ du Québec àMontréal).



are represented by the general two-way flow in all
openings of the Gulf, the Gaspe´, Cape Breton and
Labrador currents, the anticlockwise circulation in
the interior part of the Gulf and in Anticosti Gyre
(Trites, 1971; El-Sabh, 1976), and the subcurrent
from the Atlantic Ocean in Cabot Strait (Steven,
1974). Water exchange via the Belle Isle Strait was
studied amongst others by Petrie et al. (1988) and has
only minor influence on overall circulation in the Gulf
of St. Lawrence (Steven, 1974).

2.2. Primary production

The controlling factors for primary production in
the Maritime Estuary and the Gulf of St. Lawrence are
defined by: air-ocean heat exchanges, freshwater

runoff, winds, tides, stability of the water column
and turbidity (Sinclair, 1978; Legendre and Demers,
1985; Therriault and Levasseur, 1985; Gratton et al.,
1988; Wang et al., 1991).

Generally, the amount of phytoplankton is not
limited by the nutrients, which are quite abundant
(Levasseur et al., 1984), except for two regions, the
Anticosti Gyre (Sevigny et al., 1979) and the
northeastern region (Steven, 1974). Both regions present
stable environments with particularly low nitrate and
silicate concentrations, resulting in lower productivities.

Primary producers in the area are documented by
several authors (Brunel, 1970; Steven, 1974; Sevigny
et al., 1979; Dunbar et al., 1980; Therriault and
Levasseur, 1985; Be´rard-Therriault et al., 1999).
Moreover, Centre Saint-Laurent (1996a,b) published
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Fig. 3. Distribution of diatom concentrations in surface sediments and sample numbers from the Maritime Estuary and the Gulf of St. Lawrence.



a complete synthesis on the environmental state of the
St. Lawrence River, which refers to the most recent
studies available on hydrography, biology, ecology
and socio-economy. These studies reported that the
primary producers were dominated by diatoms and
microflagellates.

3. Material and methods

Forty-one surface samples collected during cruises
of the CSS Dawson(89-007),CSS Hudson(90-028
and 90-031) andPetrel V (88-007), were selected
for diatom analysis (Figs. 3 and 4). Sample location,
core type, water depth and diatom concentration are
given in Tables 1 and 2.

Surface sediment was sampled from the cores at
interval depths of 0–1 cm. Depending on the sedi-
mentation rates, which vary from a mean value of
0.9 cm/year in the Saguenay Fjord, 0.37 cm/year in
the Maritime Estuary and 0.18 cm/year in the Gulf
(Sylverberg et al., 1986; Jennane, 1992), they
represent, respectively, and approximately 1, 3 and
5 years of accumulation. Surface temperature and
salinity data in the research area were provided by
the Environment Canada and represent mean
values of data collected up to 1989. Data compi-
lation is archived at the Universite´ du Québec à
Montréal.

One gram of dry sediment was subsampled and
chemically treated to clean and concentrate the
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Fig. 4. (a) Diatom assemblage factor (Q-mode analysis) distributions and recent diatom zonations in surface sediments from the Maritime
Estuary and the Gulf of St. Lawrence and (b) Diatom species related to theQ-mode factors.
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Fig. 4. (continued)



diatoms. Calcium carbonate component was removed
by adding concentrated HCl (10%), and organic
matter was oxidized using hydrogen peroxide H2O2

(30%). The sample was then sieved using a 10mm
mesh to remove fine silt and clay. Both smaller and
larger fractions were diluted in 25 ml of distilled
water and an average of 0.2 and 0.5 ml, respectively,
were pipetted onto a glass slide, using Hyrax as the

mounting medium. The finer fraction was examined to
make sure that the loss of diatom valves due to the
sieving procedure was not important enough to affect
the flora assemblages.

A light microscope (Leitz Aristoplan) with phase
contrast optics and a magnification of up to 1600×
was used for the diatom identification, using the frac-
tion larger than 10mm. A minimum of 300 diatoms
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Table 1
Location and water depth of surface sediment samples from the Maritime Estuary and the Gulf of St. Lawrence

Sample and laboratory numbers Cruise and site numbers Latitude North Longitude West Water depth
(m)

1. E003 Petrel V88-007 E2 488 10.260 698 31.810 190
2. E006 Petrel V88-007 F2 488 16.900 698 20.860 329
3. E013 Petrel V88-007 H2 488 45.250 688 33.910 351
4. E016 Petrel V88-007 I2 488 54.920 688 14.520 336
5. E019 Petrel V88-007 J2 498 09.860 678 42.070 284
6. E021 Petrel V88-007 K2 498 09.420 678 14.550 327
7. E023 Petrel V88-007 L2 498 16.690 668 16.500 330
8. G052 Dawson89-007 003 488 30.600 608 38.090 391
9. G053 Dawson89-007 008 488 20.020 608 14.530 427

10. G055 Dawson89-007 018 498 42.800 618 57.000 258
11. G056 Dawson89-007 023 498 31.090 608 47.960 281
12. G057 Dawson89-007 028 498 19.810 598 46.850 274
13. G060 Dawson89-007 033 498 47.900 598 27.700 261
14. G061 Dawson89-007 038 508 06.920 588 43.590 300
15. G996 Dawson89-007 042 498 45.000 588 16.980 70
16. G995 Dawson89-007 043 498 47.590 588 20.800 100
17. G994 Dawson89-007 050 508 11.530 588 56.870 150
18. G992 Dawson89-007 062 498 15.520 598 39.760 250
19. G991 Dawson89-007 070 488 50.830 598 28.630 146
20. G990 Dawson89-007 072 488 51.560 598 39.280 250
21. G989 Dawson89-007 075 488 56.120 608 26.580 250
22. G062 Dawson89-007 095 488 31.450 628 37.480 395
23. G064 Dawson89-007 100 488 38.360 628 32.610 420
24. G065 Dawson89-007 108 478 21.000 608 01.660 420
25. G066 Dawson89-007 113 478 31.040 598 53.050 503
26. G998 Hudson90-028 019 498 06.490 638 47.580 382
27. G997 Hudson90-028 039 488 21.160 708 23.040 258
28. G993 Hudson90-028 056 488 15.140 708 10.530 196
29. G067 Hudson90-031 009 498 05.240 678 26.220 311
30. G999 Hudson90-031 013 498 25.420 668 19.450 322
31. G068 Hudson90-031 017 498 17.440 638 59.570 373
32. G069 Hudson90-031 021 478 55.430 658 12.310 73
33. G070 Hudson90-031 029 488 32.000 618 10.200 408
34. G071 Hudson90-031 034 478 09.150 608 32.540 174
35. G072 Hudson90-031 038 468 43.470 608 13.160 154
36. G073 Hudson90-031 041 468 59.560 598 04.560 448
37. G075 Hudson90-031 045 458 51.170 578 35.510 473
38. G076 Hudson90-031 049 468 11.210 578 56.170 468
39. G077 Hudson90-031 052 438 30.560 568 22.150 355
40. G078 Hudson90-031 056 478 04.370 578 03.070 333
41. G079 Hudson90-031 059 458 50.360 588 34.190 268



was counted per sample, along random transect lines,
for statistical treatments.

Diatom valve concentrations (nvc) were estimated
using the general equation

�Nvtot=Volp��Voltot=Ptot� � nvc�Ctot=Cc�
whereNvtot is the total amount of counted valves, Volp

the volume of sample in ml, Voltot the volume of total
dilution in ml, Ptot the total weight in gram,nvc

the number of specific valves,Ctot the total
number of fields, andCc the number of counted
fields.

Both the resting spores and the vegetative cells
were included in the computation of diatom
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Table 2
Diatom concentrations in surface sediment samples from the Maritime Estuary and the Gulf of St. Lawrence

Sample, laboratory and
site numbers

Core type No. valves/g
dry sediment

No. frustules/g
dry sediment

1. E003 E2 Dredge 126,972 63,486
2. E006 F2 Boxcore 513,334 256,667
3. E013 H2 Boxcore 847,000 423,500
4. E016 I2 Boxcore 3,263,334 1,631,667
5. E019 J2 Boxcore 1,235,666 617,833
6. E021 K2 Boxcore 1,276,000 638,000
7. E023 L2 Boxcore 1,122,000 561,000
8. G052 003 Boxcore 871,200 435,600
9. G053 008 Boxcore 454,666 227,333

10. G055 018 Boxcore 2,280,666 1,140,333
11. G056 023 Boxcore 1,535,112 767,556
12. G057 028 Boxcore 919,112 459,556
13. G060 033 Boxcore 1,133,000 566,500
14. G061 038 Boxcore 1,029,600 514,800
15. G996 042 Van Veen Grab 175,454 87,727
16. G995 043 Van Veen Grab 192,350 96,175
17. G994 050 Van Veen Grab 35,650 17,825
18. G992 062 Van Veen Grab 18,064 9,032
19. G991 070 Van Veen Grab 50,066 25,033
20. G990 072 Van Veen Grab 542,666 271,333
21. G989 075 Van Veen Grab 169,400 84,700
22. G062 095 Boxcore 682,880 341,440
23. G064 100 Boxcore 2,293,500 1,146,750
24. G065 108 Boxcore 850,080 425,040
25. G066 113 Boxcore 1,988,800 994,400
26. G998 019 Boxcore 211,200 105,600
27. G997 039 Boxcore 158,400 79,200
28. G993 056 Boxcore 880,000 440,000
29. G067 009 Boxcore 366,300 183,150
30. G999 013 Boxcore 965,250 482,625
31. G068 017 Boxcore 909,333 454,667
32. G069 021 Boxcore 1,276,000 638,000
33. G070 029 Boxcore 3,818,375 1,909,188
34. G071 034 Boxcore 360,800 180,400
35. G072 038 Van Veen Grab 457,600 228,800
36. G073 041 Boxcore 459,066 229,533
37. G075 045 Boxcore 1,199,000 599,500
38. G076 049 Boxcore 259,926 129,963
39. G077 052 Boxcore 335,500 167,750
40. G078 056 Boxcore 504,534 252,267
41. G079 059 Boxcore 943,250 471,625



percentages and concentrations. Diatom concentra-
tions are given in number of valves or frustules per
gram of dry sediment. Calculation of the number of
frustules per gram of dry sediment is obtained by a
simple division of the valves concentrations in half.

3.1. Taxonomy

Species identification were primarily based on
Hustedt (1927–1933, 1937, 1959, 1976: reprint of
1930), Hendey (1964), Patrick and Reimer (1966,
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Table 3
Mean diatom fluxes in surface sediment samples from the Maritime Estuary and the Gulf of St. Lawrence (References: (a) Jennane, 1992; (b)
Sylverberg et al., 1986

Location Sample, Laboratory
and Site numbers

Number of
frustules/g

Mean density/g of
dry sediment
(cm3)

Diatom
concentrations
(No. frustules/cm3)

Mean sedimentation
rates
(cm/yr)

Mean diatom fluxes
(No. of frustules/cm2/yr)

Saguenay 27. G997 039 79,200 1.50 52,800 0.9a 47,520
Fjord 28. G993 056 440,000 293,333 264,000

Maritime 1. E003 E2 63,486 42,324 15,660
Estuary 2. E006 F2 256,667 1.50 171,111 0.37a, b 63,311

3. E013 H2 423,500 282,333 104,463
4. E016 I2 1,631,667 1,087,778 402,478

Northwest 5. E019 J2 617,833 411,889 0.37a, b 152,399
Gulf 6. E021 K2 638,000 425,333 0.37a, b 157,373

7. E023 L2 561,000 1.50 374,000 0.18a, b 138,380
26. G998 019 105,600 70,400 0.18a, b 12,672
29. G067 009 183,150 122,100 0.18a, b 21,978
30. G999 013 482,625 321,750 0.18a, b 57,915
31. G068 017 454,667 303,111 0.18a, b 54,560

Northeast and 8. G052 003 435,600 290,400 0.18a, b 52,272
Central Gulf 9. G053 008 227,333 151,555 27,280

10. G055 018 1,140,333 760,222 136,840
11. G056 023 767,556 511,704 92,107
12. G057 028 459,556 306,371 55,147
13. G060 033 566,500 377,667 67,980
14. G061 038 514,800 343,200 61,776
15. G996 042 87,727 58,485 10,527
16. G995 043 96,175 1.50 64,117 11,541
17. G994 050 17,825 11,883 2,139
18. G992 062 9,032 6,021 1,084
19. G991 070 25,033 16,689 3,004
20. G990 072 271,333 180,889 32,560
21. G989 075 84,700 56,467 10,164
22. G062 095 341,440 227,627 40,973
23. G064 100 1,146,750 764,500 137,610
33. G070 029 1,909,188 1,272,792 229,103

Baie des
Chaleurs

32. G069 021 638,000 1.50 425,333 0.18a, b 76,560

Northwest North 24. G065 108 425,040 283,360 0.18a, b 51,005
Atlantic 25. G066 113 994,400 662,933 119,328

34. G071 034 180,400 120,267 21,648
35. G072 038 228,800 152,533 27,456
36. G073 041 229,533 1.50 153,022 27,544
37. G075 045 599,500 399,667 71,940
38. G076 049 129,963 86,642 15,596
39. G077 052 167,750 111,833 20,130
40. G078 056 252,267 168,178 30,272
41. G079 059 471,625 314,417 56,595



1975), Cleve-Euler (1968: reprint of 1951–1955),
Germain (1981), Van Heurck (1981: reprint of 1885)
and Hartley et al. (1996). Details and further informa-
tion about methodology, species description, illustration
and taxonomy can be found in Lapointe (1998).

4. Results

4.1. Diatom concentration and fluxes in surface
sediment samples

Diatom concentrations in surface sediments varied
between 9× 103 and 1:9 × 106 with a median value of
0.4× 106 frustules/g (Table 2, Fig. 3). In order to
establish a relationship between surface water and
surface sediments diatom abundance, mean diatom
fluxes were estimated using the mean values of sedi-
mentation rates for the Saguenay Fjord (0.9 cm/year),
the Maritime Estuary (0.37 cm/year) and the Gulf of
St. Lawrence (0.18 cm/year), based on Sylverberg et
al. (1986) and Jennane (1992). Results are listed in
Table 3.

4.2. Diatom analysis

Diatom analysis of surface sediments from the
Maritime Estuary and the Gulf of St. Lawrence
reveals generally well preserved frustules and high
diversity with the identifications of 51 genera and
135 species. The most abundant Centrales, in alpha-
betical order, were identified as:Aulacoseiraspp.,
Bacterosira bathyomphalaresting spores,Chaeto-
ceros spp. resting spores (includingC. affinis, C.
debilis, C. diadema, C. furcellatus and C. mitra),
Chaetoceros spp., Coscinodiscus asteromphalus,
Coscinodiscus divisus, Coscinodiscus marginatus,
Coscinodiscus oculus-iridis, Cyclotella meneghini-
ana, Paralia sulcata, Porosira glacialis, Stephanodis-
cus rotula, Thalassiosira antarcticaresting spores,
Thalassiosira decipiens, Thalassiosiracf. eccentrica,
Thalassiosira hyalina, Thalassiosira nordenskioeldii
and Thalassiosiracf. pacifica. The most abundant
Pennales, in alphabetical order, are:Achnanthes deli-
catulaspp.hauckiana, Cocconeis costata, Fragilaria
spp.,Fragilariopsis cylindrus, Nitzschiaaff. arctica,
Tabellaria flocculosavar. linearis andThalassiothrix
longissima.

4.3. Q-Mode factor analysis

For the purpose of statistical analysis, the numerous
taxa were gathered into 25 groups, which include
three different types: (1) dominant taxon; (2)
associated species of the same genus living in
similar environments; and (3) gathering of different
species showing comparable ecology and distribu-
tion (marine, brackish, benthic, sea ice associated,
etc.). Composition of these groups is given as
following:

1. FRAG: represents benthic and fresh to brackish
water species:Fragilaria spp.,Achnanthesspp.,
Tabellaria spp.,Rhoicosphenia curvata, Cocco-
neis placentulavar. euglyptaandTabulariaspp.

2. NAVI: is a group composed mainly by marine
coastal species:Navicula cf. distans, N. directa,
N. spp. andLyrella lyra.

3. ACTI: represents marine centrics:Actinocyclus
octonariusvar. crassus, A. ehrenbergii, Coscino-
discus curvatulusandC. aff. granulosus.

4. CODI: groups together benthic marine coastal
species:Cocconeis costata, C. scutellum var.
scutellum, C. scutellumvar. parva, Diploneis
smithii, Grammatophora arctica, G. arcuata, G.
oceanica, G. angulosa, Rhabdonema arcuatum
andR. minutum.

5. AULA: is defined by all the species of the same
genusAulacoseirathat is found in fresh to brack-
ish water:Aulacoseira distans, A. italica, A. cf.
granulataandA. islandica.

6. BACT: Bacterosira bathyomphala(vegetative
cells and resting spores).

7. CHAE: Chaetocerosspp. vegetative cells.
8. CHSP: Chaetocerosspp. resting spores. The

vegetative cells and the resting spores of the
genusChaetoceroswere divided into two separate
groups in order to find out if the hydrographic
conditions of the area had some influence on
their distribution.

9. COSD: Coscinodiscus divisus.
10. COSM: Coscinodiscus marginatusandC. radia-

tus. AlthoughC. marginatusis far more abundant
thanC. radiatus, both species are heavily silicified
and were encountered in the same samples.

11. COSA: Coscinodiscus asteromphalusand C.
oculus-iridis.
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12. CYCL: groups toghether fresh to brackish plank-
tonic speciesCyclotella bodanicavar. affinis, C.
meneghinianaandStephanodiscus rotula.

13. PORO: is composed of ice associated species:
Porosira glacialis, Thalassiosira hyalinaand T.
hyperborea.

14. PARA: Paralia sulcata.
15. ODON: Odontella aurita var. aurita and O.

aurita var. obtusa.
16. FCYL: Fragilariopsis cylindrusandF. curta.
17. THLX: Thalassiothrix longissima.

18. THNM: Thalassionema nitzschioides.
19. TECC: Thalassiosiracf. eccentrica.
20. TANT: Thalassiosira antarctica(resting spores).
21. TDEC: Thalassiosira decipiens.
22. TLEP: Thalassiosira leptopus.
23. TNOR: Thalassiosira nordenskioeldii.
24. TPAC: Thalassiosiracf. pacifica.
25. HYAS: Hyalodiscus scoticus.

A Q-mode factor analysis, using CABFAC
(Imbrie and Kipp, 1971) was performed on the
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Table 4
Varimax factor score matrix for groups of species from the Maritime Estuary and the Gulf of St. Lawrence

Species group namesa F1 F2 F3 F4 F5 F6 F7 F8

1. FRAG 20.007 20.032 20.032 0.285 0.004 0.588 0.005 20.234
2. NAVI 0.012 0.008 0.017 0.038 0.025 0.086 0.100 20.105
3. ACTI 0.009 0.000 20.003 0.005 0.001 20.002 20.007 0.004
4. CODI 0.121 0.140 20.062 0.149 0.094 20.093 0.774 20.163
5. AULA 20.102 0.908 20.112 20.073 20.003 0.132 20.063 20.196
6. BACT 0.188 20.001 0.005 20.007 0.044 0.024 0.071 0.016
7. CHAE 0.168 0.091 0.953 0.043 20.120 0.036 20.017 20.155
8. CHSP 20.001 0.040 0.042 0.001 0.016 0.051 0.002 0.020
9. COSD 0.065 0.013 0.013 0.017 0.027 0.047 0.020 0.142
10. COSM 0.051 0.109 0.063 20.032 0.248 20.057 20.219 0.165
11. COSA 0.014 0.291 0.076 20.004 20.011 20.157 20.178 0.548
12. CYCL 20.010 0.026 20.032 0.917 20.020 20.128 20.127 0.104
13. PORO 0.162 0.067 0.088 20.032 0.219 0.020 0.395 0.503
14. PARA 20.022 20.050 0.079 0.015 0.885 20.020 20.168 20.197
15. ODON 0.000 0.021 0.003 20.004 0.042 0.008 0.018 0.024
16. FCYL 0.041 0.061 0.027 20.002 0.052 0.002 0.176 20.095
17. THLX 0.091 20.002 0.008 0.019 0.141 0.018 0.050 0.029
18. THNM 20.016 0.009 0.054 20.016 0.005 0.070 0.053 0.087
19. TECC 20.035 0.041 0.048 0.121 0.047 0.019 0.119 0.260
20. TANT 0.925 0.026 20.193 20.024 20.050 20.004 20.181 20.088
21. TDEC 0.077 0.159 20.053 0.153 0.029 0.107 20.117 0.030
22. TLEP 0.007 0.008 0.041 20.003 20.029 0.007 0.053 20.011
23. TNOR 0.010 20.018 0.008 20.027 0.219 0.153 0.018 0.060
24. TPAC 0.011 20.080 20.002 20.065 20.017 0.727 0.000 0.310
25. HYAS 0.071 0.039 20.012 20.005 20.016 20.002 0.015 20.015

a 1. FRAG:Fragilaria spp.,Achnanthesspp.,Tabellariaspp.,Rhoicosphenia curvata, Cocconeis placentulavar.euglyptaandTabulariaspp.
2. NAVI: Naviculacf. distans, N. directa, N. spp. andLyrella lyra. 3. ACTI: Actinocyclus octonariusvar. crassus, A. ehrenbergii, Coscino-
discus curvatulusandC. aff. granulosus. 4. CODI:Cocconeis costata, C. scutellumvar.scutellum, C. scutellumvar.parva, Diploneis smithii,
Grammatophora arctica, G. arcuata, G. oceanica, G. angulosa, Rhabdonema arcuatumandR. minutum. 5. AULA: Aulacoseiraspp. 6. BACT:
Bacterosira bathyomphala(veg. cells and resting spores). 7. CHAE:Chaetocerosspp. (veg. cells). 8. CHSP:Chaetocerosspp. (resting spores).
9. COSD:Coscinodiscus divisus. 10. COSM:Coscinodiscus marginatusandC. radiatus. 11. COSA:Coscinodiscus asteromphalusandC.
oculus-iridis. 12: CYCL:Cyclotella bodanicavar.affinis, C. meneghinianaandStephanodiscus rotula. 13. PORO:Porosira glacialis, Thalas-
siosira hyalinaandT. hyperborea. 14. PARA:Paralia sulcata. 15. ODON:Odontella auritavar.aurita andO. auritavar.obtusa. 16. FCYL:
Fragilariopsis cylindrusandF. curta. 17. THLX: Thalassiothrix longissima. 18. THNM: Thalassionema nitzschioides. 19. TECC:Thalassio-
sira eccentrica. 20. TANT:Thalassiosira antarctica(resting spores). 21. TDEC:Thalassiosira decipiens. 22. TLEP:Thalassiosira leptopus. 23.
TNOR: Thalassiosira nordenskioeldii. 24. TPAC:Thalassiosiracf. pacificaand 25. HYAS:Hyalodiscus scoticus.



surface samples in order to define representative
diatom assemblages. Results of the varimax factor
scores matrix and varimax component scores matrix
are listed in Tables 4 and 5, respectively. A total of 8
factors explained 93.8 percent of the data variance.
High communalities of the samples (Table 5) asso-

ciated with these factors are concordant with this
good performance. Details about variance, diatom
content and environmental conditions of all factors
are elaborated in Table 6. These factors were used
to define the recent regional surface distribution of
diatom zones.
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Table 5
Varimax factor components matrix for surface sediment samples from the Maritime Estuary and the Gulf of St. Lawrence

Site number Communality F1 F2 F3 F4 F5 F6 F7 F8

E003 88007E2 0.917 0.018 0.027 20.048 0.932 0.034 0.203 20.001 20.051
E006 88007F2 0.957 0.053 0.123 0.050 0.959 0.112 0.04720.041 20.003
E013 88007H2 0.910 0.034 0.334 0.055 0.887 0.04220.029 20.067 0.007
E016 88007I2 0.918 0.082 0.139 0.280 0.884 0.022 0.103 0.137 0.047
E019 88007J2 0.925 0.075 0.718 0.368 0.451 0.161 0.138 0.102 0.098
E021 88007K2 0.924 0.089 0.872 0.133 0.300 0.080 0.02220.058 0.194
E023 88007L2 0.919 0.313 0.845 0.112 0.074 0.126 0.02020.065 0.262
G052 8907003 0.950 0.914 0.137 0.199 0.042 0.224 0.04420.035 20.031
G053 8907008 0.943 0.603 0.111 0.619 0.057 0.380 0.02920.045 20.183
G055 8907018 0.937 0.358 0.096 0.397 0.070 0.784 0.002 0.14320.052
G056 8907023 0.966 0.809 0.121 0.542 0.030 20.012 0.045 0.004 20.022
G057 8907028 0.967 0.926 0.113 0.274 0.010 0.145 0.026 0.005 0.023
G060 8907033 0.940 0.680 0.189 0.650 0.069 0.035 0.042 0.07520.070
G061 8907038 0.877 0.705 0.144 0.420 0.097 0.25920.002 0.249 20.210
G996 8907042 0.905 0.627 0.180 0.436 0.087 0.177 0.066 0.481 0.121
G995 8907043 0.982 0.947 0.143 0.214 0.034 0.077 0.013 0.100 0.031
G994 8907050 0.869 0.808 0.139 0.336 0.089 0.063 0.061 0.19320.178
G992 8907062 0.967 0.947 0.133 0.116 0.006 0.10820.011 20.161 0.025
G991 8907070 0.955 0.928 0.127 0.087 0.012 0.211 0.073 0.026 0.140
G990 8907072 0.946 0.683 0.157 20.098 0.107 0.190 20.035 0.628 20.044
G989 8907075 0.970 0.949 0.123 0.191 0.013 0.067 0.020 0.058 0.094
G062 8907095 0.936 0.756 0.194 0.535 0.050 0.096 0.051 0.147 0.070
G064 8907100 0.963 0.616 0.141 0.726 0.065 20.009 0.077 0.152 20.050
G065 8907108 0.928 0.796 0.129 0.401 0.026 0.334 0.04220.042 20.039
G066 8907113 0.955 0.322 0.311 0.855 0.056 0.070 0.071 0.02420.101
G998 9028019 0.961 0.376 0.771 0.402 0.058 0.114 0.167 0.10220.094
G997 9028039 0.872 20.014 0.409 20.047 0.339 0.017 0.736 0.023 20.214
G993 9028056 0.911 0.047 0.288 0.136 0.194 0.091 0.86820.027 0.087
G067 9031009 0.943 0.009 0.925 0.140 0.144 0.041 0.15420.043 20.140
G068 9031017 0.951 0.175 0.923 0.114 0.021 0.087 0.152 0.08620.135
G069 9031021 0.938 0.219 0.116 0.194 0.087 0.895 0.036 0.132 0.111
G070 9031029 0.860 0.551 0.052 0.315 20.009 0.148 0.516 0.069 0.401
G071 9031034 0.975 0.261 0.083 0.816 0.059 0.454 0.064 0.01120.145
G072 9031038 0.945 0.333 0.100 0.773 0.046 0.462 0.083 0.03320.057
G073 9031041 0.959 0.248 0.205 0.915 0.053 0.102 0.04920.023 0.041
G075 9031045 0.953 0.265 0.271 0.854 0.045 0.202 0.006 0.043 0.187
G076 9031049 0.949 0.286 0.261 0.860 0.017 0.10820.009 20.039 0.214
G077 9031052 0.979 0.322 0.077 0.664 0.030 0.641 0.03320.044 20.116
G078 9031056 0.947 0.195 0.116 0.674 0.057 0.638 0.054 0.123 0.109
G079 9031059 0.940 0.077 0.037 0.109 0.051 0.948 0.07920.105 20.047
G999 9031013 0.950 0.355 0.805 0.341 0.119 0.044 0.151 0.11020.094

Variance 28.952 14.672 21.624 9.599 10.443 4.382 2.374 1.760
Cumulative Variance 28.952 43.623 65.247 74.846 85.289 89.671 92.044 93.804



4.4. Diatom assemblages from recent surface
sediment samples

Regional distribution of the Q-mode factor
assemblages are shown in Fig. 4a. The most important
diatom species for each factor are illustrated (Fig. 4b)
in association with the map keys for helpful visual
recognition of the taxa involved.

Coefficient of correlations betweenQ-mode factors
and monthly mean temperatures and salinities were
calculated, to identify controlling environmental
parameters upon factors distributions. The results were
not significant because they presented low correlations
or poor diffusional patterns of their distribution (annexe
3, Lapointe, 1998). This is mainly due to the fact that the
number of analyzed sites is not sufficiently large to
represent the high variability of the whole area.

5. Discussion

5.1. Frustule densities and primary production

Pattern of diatom accumulations and fluxes in
bottom sediments generally agree with measurements
of surface, in situ, primary production as published by

Steven (1971, 1974) and Dunbar et al. (1980) and for
the North Atlantic by Colebrook (1982). Highest
diatom concentrations (Fig. 3) and fluxes (Table 3)
are closely associated with Gaspe´ (samples 4, 5, 6,
7, 23 and 33) and Cape Breton (sample 34) currents,
while lowest values are mostly found in the northeast-
ern part of the Gulf along the Newfoundland coast,
following the path of the cold Labrador Current
(samples 15–19 and 21) and in Saguenay Fjord
(sample 27).

Moreover, significant differences are well recog-
nized between productive south shore Gaspe´ Current
(samples 4–7) and the less productive north shore of
the Maritime Estuary and the Northwestern Gulf
(samples 1–3, 26 and 29–31). While sample 10,
located in the western part of Jacques Cartier Passage
(northwest shore of Anticosti Island) and sample 25
from Cabot Strait, with particularly high diatom
concentrations and fluxes, correspond with the
unusual higher July and August production zones
described by Steven (1974). High correlation between
distribution of diatom concentrations in surface sedi-
ments with the overlying pattern of primary produc-
tivity was also recognized in the Atlantic Ocean by
Maynard (1976).

However, significantly higher values (even
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Table 6
Q-mode factor descriptions of surface sediment samples from the Gulf of St. Lawrence with respect to their diatom content and hydrographic
conditions

Factors
(names of grouped taxa)

Variance
(%)

Diatoms Environments
(mean summer temperatures and salinities)

F1 (TANT) 28.9 Thalassiosira antarcticaresting spores (10–118C and 30–31‰) Labrador current
F2 (AULA) 14.6 Aulacoseira distans, A. italica A. cf. granulata,

andA. islandica
(11–128C and 28–29‰) Northwest Gulf

F3 (CHAE) 21.6 Chaetocerosspp. vegetative cells (12–148C and 31–32‰) Atlantic ocean
F4 (CYCL) 9.6 Cyclotella meneghiniana, Cyclotella bodanicavar.

affinis andStephanodiscus rotula
(8–118C and 23–26‰) Maritime Estuary

F5 (PARA) 10.4 Paralia sulcata (10–128C and 26–29‰) Coastal and nutrient
rich waters

F6 (FRAG and TPAC) 4.3 FRAG:Fragilaria spp.,Achnanthesspp.,Tabellaria spp.,
Rhoicosphenia curvata, Cocconeis placentula
var. euglypta, Tabulariaspp. and TPAC:
Thalassiosira pacifica

(11–138C and 12–18‰) Saguenay Fjord (FRAG)
mixed with a marine component (TPAC)

F7 (CODI) 2.3 Cocconeis costata, C. scutellumvar. scutellum, C. scutellum
var. parva, Diploneis smithii, Grammatophora arctica, G.
arcuata, G. oceanica, G. angulosa, Rhabdonema arcuatum
andR. minutum

(10–118C and 30–31‰) Epicontinental,
marine and benthic

F8 (COSA and PORO) 1.8 COSA:Coscinodiscus asteromphalus, Coscinodiscus
oculus-iridisand PORO:Porosira glacialis, T. hyperborea
andThalassiosira hyalina

(10–118C and 30–31‰) Marine water (COSA)
and associated sea ice environment (PORO)
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Fig. 5. Summary diatom percentages diagram of surface sediment samples with diatom zonations, (ZONE I) Saguenay Fjord, (ZONE II) Maritime Estuary, (ZONE III)
Northwestern Gulf, (ZONE IV) Northeastern and Central Gulf, (ZONE V) Northwest North Atlantic and (ZONE VI) Paralia sulcata.



exceeding the mean value in the Gulf) were found in
some samples (numbers 11, 13, and 14) within Esqui-
man Channel surface sediments. Those differences
could reflect favorable bottom conditions enabling
accumulation and settling of transported diatom frus-
tules.

5.2. Diatom zonations in recent surface sediments

Based on theQ-mode factorial analysis of the
recent diatom distributions, a total of six zones are
defined, from northwest to southeast in the Gulf of
St. Lawrence (Fig. 4a): (I) Saguenay Fjord, (II)
Maritime Estuary, (III) Northwestern Gulf, (IV)
Northeastern and Central Gulf, (V) Northwest North
Atlantic and (VI) Paralia sulcatazone. A summary
diagram of diatom species percentages characterizing
these zonations is shown in Fig. 5.

5.2.1. Zone I. Saguenay Fjord (Factor 6)
Environmental description: fresh to brackish

waters mixed with a marine influence. Mean summer
temperature 11–138C and salinity 12–18‰.

Only 2 samples were taken in the area, and since the
diatom abundance of sample 28 is significantly
higher, the factor analysis (Q-mode) combined
equally both group of species (brackish and marine
affinities) to form the factor. The Saguenay Fjord zone
is mainly composed of fresh to brackish water species
Fragilaria spp., Achnanthesspp., Tabellaria spp.
(including T. fenestrata, T. flocculosavar. flocculosa
and T. flocculosa var. linearis), Rhoicosphenia
curvata, Cocconeis placentulavar. euglypta, Tabu-
laria spp. Sample 28, located at the mouth of the
Saguenay, also presented a high concentration of
marine speciesThalassiosiracf. pacifica.

5.2.2. Zone II. Maritime Estuary (Factor 4)
Environmental description:estuarine conditions

with brackish water.
Mean summer temperature 8–118C and salinity

23–26‰.
Four samples cover the whole area of this zone.

Cyclotella meneghiniana, Cyclotella bodanicavar.
affinis and Stephanodiscus rotulawere the major
diatom species found in the surface sediments.
Reported by Vickers (1980) in the spring diatom
communities of the St. Lawrence Estuary, these

species are typical of shallow, coastal, fresh, brackish
and inland saline waters (Germain, 1981; Ha˚kansson
and Kling, 1994).

5.2.3. Zone III. Northwestern Gulf (Factor 2)
Environmental description:mixing zone of mainly

marine and estuarine conditions.
Mean summer temperature 11–128C and salinity

28–29‰.
This region is characterized by the presence and

abundance ofAulacoseira distans, A. italica, A. cf.
granulata and A. islandica. These are coastal fresh-
water species (Germain, 1981).A.cf. granulataandA.
islandicawere identified in the spring diatom assem-
blages of the St. Lawrence Estuary by Vickers (1980)
and A. granulata was observed in only one rock
sample in the St. Lawrence River by Reavie and
Smol (1998). Because of the composition of this
surface assemblage, mainly represented by fresh
water associated species, it could be argued whether
it is a result of in situ accumulation or more likely
from a lateral transportation of diatom living in lower
salinity waters upstream the estuary. In this case, the
importance of the in situ accumulation could not be
neglected because the presence ofA. islandicain the
living plankton of the Northwestern Gulf (Zone III)
area was recently described by Be´rard-Therriault et al.
(1999). Further, the brackish-water affinity ofA. islan-
dica was also reported from the Baltic Sea by Snoeijs
and Vilbaste (1994).

5.2.4. Zone IV. Northeastern and Central Gulf
(Factors 1, 7 and 8)

Environmental description:cold marine water
associated with Labrador Current.

Mean summer temperature 10–118C and salinity
30–31‰.

Covering the main portion of the center and the
northeastern regions of the Gulf of St. Lawrence,
this zone is principally represented byThalassiosira
antarctica resting spores and some patches ofChae-
tocerosspp. vegetative cells. Both are associated with
the Atlantic cold waters coming from Belle Isle and
Cabot Straits partly as the Labrador Current and the
Atlantic subsurface current. Similar surface sediments
assemblages associated with subarctic to arctic envir-
onments (identified asThalassiosira gravida) were
also reported from North and Northeast Atlantic
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Ocean by Maynard (1976) and Barde (1981), from the
Arctic Seas by Polyakova (1997), from Greenland,
Iceland and Norwegian Sea by Koc Karpuz and
Schrader (1990), from Western North Atlantic
Ocean by Palmer (1984), from Western Baffin Bay
by Williams (1988 and 1990) and from the Gulf of
Maine by Jorgensen (1984), Schnitker and Jorgensen
(1990) and Popek (1993).

On the other hand, two samples (15 and 20) located
close to the shore of Newfoundland and within the
Esquiman Channel, respectively, presented a signifi-
cant amount ofCocconeis costataand Cocconeis
scutellumvar. scutellum. Those coastal, benthic and
marine species are also common and well known in
Greenland, Davis Strait and Spitzbergen areas (Cleve,
1873).

Only sample 33 contradicts the general dominant
trend ofThalassiosira antarcticaresting spores of this
zone, with the presence of high concentrations of ice
associated diatomsPorosira glacialis, Thalassiosira
hyperboreaand marine diatom speciesThalassiosira
cf. pacifica. The noticeable differences of this sample
lies with its unique location, on the southeastern side
of Anticosti Island, where open pack ice occurs as
early as the beginning of March (Dunbar et al., 1980).

5.2.5. Zone V. Northwest North Atlantic (Factor 3)
Environmental description:marine.
Mean summer temperature 12–148C and salinity

31–32‰.
Samples from this zone extend from Cabot Strait

toward the northwest North Atlantic Ocean. The most
abundant species found in the area areChaetoceros
spp. vegetative cells. This genus is common in neritic
temperate to cold seas (Brunel, 1970). Two samples
(40 and 41) also had a major percentages ofParalia
sulcata, which is abundant in coastal, nutrient rich
waters (Sancetta, 1982).

5.2.6. Zone VI. Paralia Sulcata (Factor 5)
Two epicontinental samples located in productive

areas in the Gulf of St. Lawrence, the Baie des
Chaleurs and the north shore of Anticosti Island,
were defined by a high abundance ofParalia sulcata.
Their location agrees with the description of this taxon
as an important indicator of nutrient rich and produc-
tive coastal waters (Sancetta, 1982). Similar environ-
mental assemblages were also described, amongst

other, from Basin Head Harbour (Prince Edward
Island) by Palmer (1974), from San Francisco Bay
by Laws (1988) and from Greenland, Iceland and
Norwegian Sea by Koc Karpuz and Schrader
(1990).

6. Conclusions

The distribution of the diatom assemblages from
surface sediments of the St. Lawrence Estuary and
the Gulf of St. Lawrence, based on theQ-mode
factorial analysis, defined a total of six zones closely
related to surface water hydrography. From north-
west to southeast in the Gulf of St. Lawrence, the
zones are listed as followed: (I) Saguenay Fjord,
fresh to brackish waters mixed with a marine influ-
ence, (II) Maritime Estuary, estuarine conditions
with brackish water, (III) Northwestern Gulf, mixing
zone of mainly marine and estuarine conditions, (IV)
Northeastern and Central Gulf, cold marine water
associated with Labrador Current, (V) Northwest
North Atlantic, marine environment and (VI)Paralia
sulcata zone, nutrient rich and productive coastal
waters.

Unfortunately, poor correlations between these
diatomQ-mode factors and environmental parameters
such as temperature and salinity, due in part to the
insufficient number of analyzed sites, prevent the
calculation of a paleoecological transfer function, in
order to establish a quantitative relationship. An
extended diatom sampling in surface sediments of a
broader area, including the western part of the North
Atlantic as well as the Labrador Sea, is certainly
needed to eventually create a database large enough
to enable the calculations of paleoecological transfer
functions, which would adequately describe quantita-
tively the regional complexity of such a diversified
environment.
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Appendix A. Taxonomic appendix

Division BACILLARIOPHYTA Engler and Gild
CLASS COSCINODISCOPHYCEAE Round
and Crawfordin Round et al.
Family AULACOSEIRACEAE Crawford in
Round et al.
GenusAulacoseiraThwaites
Aulacoseira distans(Ehrenberg) Simonsen.

Reference: (Melosira distans) Cleve-Euler, 1951
(reprint 1968), Figs. 11a–c, p. 20.

Aulacoseiracf. granulata (Ehrenberg) Simonsen.
Reference: (Melosira granulata) Germain, 1981,
pl. 3, Fig. 1, p. 24.

Aulacoseira italica(Ehrenberg) Simonsen.
Reference: (Melosira italica) Germain, 1981, pl.
3, Fig. 7, pp. 24–25.

Aulacoseira islandica(O Müller) Simonsen.
Syn.:Melosira islandicaMüller
Reference: Snoeijs and Vilbaste (eds.), 1994, pl.
113, p. 25.

Family CHAETOCEROTACEAE Ralfs in
Pritchard
GenusChaetocerosEhrenberg
Chaetocerosspp.: the vegetative cells were poorly
preserved, the original setae were partly or totally
broken, negating the identification to the species
level.
Chaetocerosspp. resting spores: this group is
represented by the resting spores of five different
species:
Chaetoceros affinisLauder: because of the great
variability found in Chaetoceros affinis, Brunel
(1970) described it as a central type of a complex
group. He included a total of 13 synonyms inChae-

toceros affinissuch asC. ralfsii Cleve, C. willei
Gran,C. javanicusCleve. Only the resting spores
of that species were found in this study.

Reference: Brunel, 1970, pl. 27, Fig. 1, pp. 114–
116.

Chaetoceros debilisCleve.
Reference: Brunel, 1970, pl. 32, Fig. 6, pp. 130–
132.

Chaetoceros diadema(Ehrenberg) Gran.
Reference: Hendey, 1964, pl. X, Fig. 1a, pp.
122–125.

Chaetoceros furcellatusBailey.
Reference: Brunel, 1970, pl. 34, Fig. 3, pl. 35,
Figs. 1–3, pp. 134–135.

Chaetoceros mitra(Bailey) Cleve.
Reference: Brunel, 1970, pl. 17, Figs. 1–2, pp.
102–104.

Family COSCINODISCACEAE Kützing
GenusCoscinodiscusEhrenberg
Coscinodiscus asteromphalusEhrenberg: with the
light microscope, this species was differentiated
from Coscinodiscus oculus-iridisEhrenberg by
the fact that their frustules were not as heavily sili-
cified and their areolae became finer at the margin
of the valve. Both species were counted together.

Reference: Hasle and Lange, 1992, Figs. 10–14,
pp. 42–45.

Coscinodiscus curvatulusGrunow in Schmidt.
References: Lohman, 1941, pl. 15, Fig. 8, p. 74;
Hendey, 1964, p. 81.

Coscinodiscus divisusGrunow.
Reference: Cleve-Euler, 1951 (reprint 1968),
Fig. 80a and b, p. 58.

Coscinodiscusaff. granulosus Grunow in Cleve
and Grunow: our specimen were poorly preserved
which made the identification very difficult. The
closest taxon was described in Cleve-Euler (1951:
reprint 1968).

Reference: Cleve-Euler, 1951 (reprint 1968),
Fig. 112, p. 70.

Coscinodiscus marginatusEhrenberg.
References: Lohman, 1941, pl. 14, Figs. 1, 6,
p. 71; Cleve-Euler, 1951 (reprint 1968), p. 65.

Coscinodiscus oculus-iridisEhrenberg.
Reference: Hendey, 1964, pl. XXIV, Fig. 1,
p. 78.

Coscinodiscus radiatusEhrenberg.
Reference: Brunel, 1970, pl. 3, Fig. 1, p. 55, 232.
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Family HEMIDISCACEAE Hendey emend.
Simonsen
GenusActinocyclusEhrenberg
Actinocyclus ehrenbergiiRalfs in Pritchard.

Reference: Van Heurck, 1885 (reprint 1981), pl.
CXXIII, Fig. 7, p. 215.

Actinocyclus octonariusvar. crassus(Wm Smith)
Hendey.

Syn.:Actinocyclus crassus(Wm Schmidt) Ralfs
in Pritchard
References: Hendey, 1964, p. 83; Snoeijs and
Potapova (eds.), 1995, pl. 206, p. 18.

Family HYALODISCACEAE Crawford in
Round et al.
GenusHyalodiscusEhrenberg
Hyalodiscus scoticus(Kützing) Grunow.

References: Be´rard-Therriault et al., 1987, p. 93;
Snoeijs and Vilbaste (eds.), 1994, pl. 147, p.59.

Family PARALIACEAE Crawford
GenusParalia Heiberg
Paralia sulcata(Ehrenberg) Cleve.

Syn.: Melosira sulcata(Ehrenberg) Ku¨tzing
Reference: Crawford, 1979, Figs. 1–31, p.
209.

Family STEPHANODISCACEAE Glezer and
Makarova
Genus Cyclotella Kützing ex Brébisson
Cyclotella bodanica var. affinis Grunow in
Schneider: in the literature there was much
confusion with the interpretation ofCyclotella
comta (Ehrenberg) Ku¨tzing. Håkansson (1988)
was used for the identification of this species.
The centre of these specimens showed a
distinct uplift or depression. Together with
the distinct striations, these features are similar
to C. bodanicavar. affinis.

References: Cleve-Euler, 1951 (reprint
1968), Fig. 56i–l, p. 46; Ha˚kansson, 1988,
pp. 334–336.

Cyclotella meneghinianaKützing.
References: Germain, 1981, pl. 7, Figs. 1–5,
p. 32; Håkansson, 1990, pp. 21–22.

Genus StephanodiscusEhrenberg
Stephanodiscus rotula(Kützing) Hendey: the
name Stephanodiscus astraeaKützing was
changed toStephanodiscus rotulaas suggested
by Hendey (1964). This species could also be
S. neoastraeaHåkansson and Hickel, since it is

almost impossible to distinguish them with a
light microscope (Snoeijs and Potapova, 1995).

References: Lohman, 1941, pl. 12, Fig. 2, p.
67; Hendey, 1964, p. 75.

Family THALASSIOSIRACEAE Lebour
Genus Bacterosira Gran
Bacterosira bathyomphala(P.T. Cleve) Syvert-
sen and Haslein Hasle and Syvertsen:B. bath-
yomphala is an active producer of resting
spores. Its weakly silicified vegetative valves
are rarely seen while its resting spores in sedi-
ments (Stabell and Langein Hasle and Syvert-
sen, 1993) and in ice samples are more common
(Hasle and Syvertsen, 1993). In this study, the
resting spores were also more abundant than the
vegetative cells. The characteristic central
depression with its numerous strutted processes,
surrounded by an irregular, silicified border
were helpful for the identification.

Syn.: Bacterosira fragilisGran,Coscinodiscus
bathyomphalusCleve.
Reference: Hasle and Syvertsen, 1993, Fig. 3,
pp. 298–303.

Genus Porosira Jörgensen
Porosira glacialis (Grunow) Jo¨rgensenemend.
Hasle

Reference: Hasle, 1973, pl. 3, Figs. 13–18,
pl. 4, Figs. 19–25, pl. 5, Figs. 26–29, pp.
6–10, 39.

Genus ThalassiosiraCleve
Thalassiosira antarcticaComber emend.Hasle
and Heimalresting spores: the resting spores of
T. antarctica could be easily confused with
Thalassiosira gravida Cleve. According to
Syvertsen (1979), the difference lies in part in
the number of areolae in 10mm, which is 10–
14 for the spore and about 20 forT. gravida.
However, only T. antarctica produced resting
spores in cultural experiments. To avoid confu-
sion, although in the literature of the area the
name of T. gravida is used (amongst other by
Jorgensen, 1984; Palmer, 1984; Williams, 1988,
1990; Schnitker and Jorgensen, 1990; Popek,
1993), herein this morphological form was iden-
tified as being the resting spore ofT. antarctica.

Reference: Syvertsen, 1979, pl.4, Figs. 44, 45,
pp. 52–54.

Thalassiosira decipiens(Grunow) Jo¨rgensen.
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Reference: Hasle, 1979, pl. 4, Figs. 20–25,
pl. 5, Figs. 26–29, pp. 85–108.

Thalassiosiracf. eccentrica (Ehrenberg) Cleve:
the central areolae showed an irregular pattern
due to the presence of a strutted tubulus (not
directly observed in our sample, under the light
microscope). In our material, the central areolae
never presented the fasciculated structure that
could be found on some valves of this species.

Reference: Fryxell and Hasle, 1972, pl. II,
Figs. 4a, 8–9, pl. III, Fig. 15, pp. 300–304.

Thalassiosira hyalina(Grunow) Gran.
References: Hendey, 1964, p. 86; Be´rard-
Therriault et al., 1987, Figs. 38, 42, p. 89.

T. hyperborea (Grunow) Hasle in Hasle and
Lange: the distinction between some of the
different varieties of this species is not always
obvious. The environmental factors have been
known to affect the plasticity of the areolae
size in the genus ofThalassiosira.

Reference: Hasle and Lange, 1989, Figs. 20–
22, pp. 125–127.

Thalassiosira leptopus (Grunow) Hasle and
Fryxell: Hasle and Syvertsen (1984) grouped
Coscinodiscus pseudolineatusPant. andC. prae-
lineatusJouse´ as synonyms ofT. leptopus. Iden-
tification was not always obvious using the light
microscope and occasionally the valves were
poorly preserved. Thalassiosira with similar
linear areolar arrays were grouped together
with this species.

References: Lohman, 1941, pl. 12, Fig. 10, p.
68; Hasle and Fryxell, 1977, pp. 20–22.

Thalassiosira nordenskioeldiiCleve.
References: Hendey, 1964, pl. I, Fig. 8, p. 85;
Hasle, 1978, pp. 79–83.

Thalassiosiracf. pacifica Gran and Angst.
Reference: Hasle, 1978, pp. 88–93.

Family TRICERATIACEAE (Schütt) Lemmer-
mann
Genus Odontella Agardh
Odontella aurita var. aurita (Lyngbye) Agardh
emend. Simonsen.

Reference: (Biddulphia aurita) Brunel, 1970,
pp. 144–145.

Odontella aurita var. obtusa (Kützing) Hustedt.
Reference: (Biddulphia aurita var. obtusa)
Brunel, 1970, pl. 7, Fig. 3, pp. 145, 240.

Class FRAGILARIOPHYCEAE Round and
Crawford in Round et al.
Family FRAGILARIACEAE Greville
Genus Fragilaria Lyngbye
Fragilaria spp.: due to their tiny size and since
they were never found in great abundance, this
taxon was not investigated to the species level.

Reference to the genus: Williams and Round,
1987, pp. 267–268.

Genus Tabularia (Kützing) Williams and
Round
Tabularia spp.: because they were not abundant
in this study and mainly located in the Sague-
nay Fjord, this taxon was not investigated to the
species level.

Reference to the genus: Round et al., 1990, p. 376.
Family RHABDONEMATACEAE Greville
GenusRhabdonemaKützing
Rhabdonema arcuatum(Lyngbye) Kützing.

Reference: Hendey, 1964, pl. XXXV, Figs. 10–12,
p. 172.

Rhabdonema minutumKützing.
Reference: Hendey, 1964, p. 172.

Family STRIATELLACEAE Kützing
GenusGrammatophoraEhrenberg
Grammatophora angulosaEhrenberg.

Reference: Hendey, 1964, p. 171.
Grammatophora arcticaCleve.

Reference: Poulin et al., 1984, Figs. 16–17, p. 278.
Grammatophora arcuataEhrenberg.

Reference: Poulin et al., 1984, Figs. 2–3, 5, p. 278.
Grammatophora oceanicaEhrenberg.

References: Hendey, 1964, p. 170; Poulin et al.,
1984, Figs. 10–12, p. 278.

Family TABELLARIACEAE Kützing
GenusTabellariaEhrenbergexKützing
Tabellaria fenestrata(Lyngbye) Kützing.

Reference: Germain, 1981, pl. 12, Figs. 2, 4, 5, 7, p.
50.

Tabellaria flocculosa var. flocculosa (Lyngbye)
Kützing.

Reference: Germain, 1981, pl. 12, Figs. 10–12, p.
50.

Tabellaria flocculosavar. linearis Koppen
Reference: Poulin et al., 1984, Figs. 76–78, p. 290.

Family THALASSIONEMATACEAE Round in
Round et al.
GenusThalassionemaGrunowexHustedt
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Thalassionema nitzschioides(Grunow) Hustedt.
References: Hallegraeff, 1986, pp. 58–60; Snoeijs
and Vilbaste (eds.), 1994, pl. 194, p. 106.

GenusThalassiothrixCleve and Grunow
Thalassiothrix longissimaCleve and Grunow.

Reference: Hasle and Semina, 1987, Figs. 1–13,
pp. 177–181.

Class BACILLARIOPHYCEAE Haeckel sensu
emend.Round et al.
Family ACHNANTHACEAE Kützing sensu
emend.Round et al.
GenusAchnanthesBory
Achnanthes delicatulassp. hauckiana (Grunow)
Lange-Bertalot and Ruppel.

Syn.: Achnanthes hauckianassp. hauckiana
Grunowin Cleve and Grunow
Reference: Cooper, 1995, Fig. 34a and b, 51, pp.
63–64.

Achnanthesspp.: due to their tiny size and since they
were never found in great abundance, this taxon was
not investigated to the species level.

Reference to the genus: Patrick and Reimer, 1966,
pp. 245–250.

Family BACILLARIACEAE Gmelin in Linneaus
GenusFragilariopsisHustedtin A. Schmidt
Fragilariopsis cylindrus (Grunow) Krieger in
Helmcke and Krieger.

Reference: (Nitzschia cylindrus), Hasle and
Medlin in Medlin and Priddle (eds.), 1990, pl.
24.6, Figs. 6–11, pp. 181–182.

Fragilariopsis curta(Van Heurck) Hustedt.
Syn.: Fragilariopsis linearis var. linearis Fren-
guelli in Grenguelli and Orlando,Nitzschia curta
(Van Heurck) Hasle.
Reference: Hustedt, 1958, pl. 11, Figs. 140–144, p.
160.

GenusNitzschiaHassall
Nitzschiaaff. arctica Cleve: striation was very fine
and impossible to evaluate under the light micro-
scope. The central nodule was not always obvious
to observe.

Reference: Medlin and Haslein Medlin and Prid-
dle (eds.), 1990, pl. 21.1, Fig. 8, p. 160.

Family COCCONEIDACEAE Kützing
GenusCocconeisEhrenberg
Cocconeis costataGregory.

Reference: Wasell and Ha˚kansson, 1992, Figs. 24,
26–27, p. 171.

Cocconeis placentulavar. euglypta (Ehrenberg)
Cleve.

Reference: Patrick and Reimer, 1966, pl. 15, Fig. 8,
pp. 241–242.

Cocconeis scutellumvar. scutellumEhrenberg.
Cocconeis scutellumvar. parvaGrunow ex Cleve.

Reference to both species: Hendey, 1964, pl.
XXVII, Fig. 8, p. 181.

Family DIPLONEIDACEAE Mannin Round et al.
GenusDiploneisEhrenbergexCleve
Diploneis smithii(BrébissonexWm Smith) Cleve.

Reference: Patrick and Reimer, 1966, pl. 38, Fig. 2,
p. 410.

Family LYRELLACEAE Mannin Round et al.
GenusLyrella Karajeva
Lyrella lyra (Ehrenberg) Karajeva.

Reference: Patrick and Reimer, 1966, pl. 39, Figs.
5–6, p. 443.

Family NAVICULACEAE Kützing
GenusNaviculaBory
Navicula directa(Wm Smith) Ralfsin Pritchard.

Reference: Hendey, 1964, p. 202.
Naviculacf. distans(Wm Smith) Ralfsin Pritchard.

Reference: Cleve-Euler, 1953 (reprint 1968), Fig.
768a, p. 133.

Naviculaspp.: the different species ofNaviculathat
were not well enough preserved to be adequately
identified were grouped together.
Family RHOICOSPENIACEAE Chen and Zhu
GenusRhoicospheniaGrunow
Rhoicosphenia curvata(Kützing) Grunow.

Germain, 1981, pl. 44, Figs. 22–23, p. 118; Mann,
1982, pp. 162–176; Mann, 1984, pp. 544–555.
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phyceae), its morphology and reappraisal of similar species.
Nova Hedwigia 100, 19–37.
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sowie der angrenzenden Meeresgebiete. In: Rabenhorst, L.
(Ed.). Kryptogamen-Flora 7, part IIAkademische Verlagsge-
sellschaft, Leipzig, pp. 321–432 (see also pp. 433–576).

Hustedt, F., 1937. Die Kieselalgen Deutschlands, O¨ sterrichs und der
Schweiz mit Beru¨cksichtigung der u¨brigen häuder Europas
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sowie der angrenzenden Meeresgebiete. In: Rabenhorst, L.
(Ed.). Kryptogamen-Flora 7, part II, Akademische Verlagsge-
sellschaft, Leipzig, pp. 737–845.

Hustedt, F., 1976. Die Su¨sswasser Flora Mitteleuropas Heft 10:
Bacillariophyta (Diatomeacea), Koeltz, Koenigstein (Reprint
of 1930, 466pp).

Imbrie, J., Kipp, N.G., 1971. A new micropaleontological method
for quantitative paleoclimatology: application to a late
Pleistocene Caribbean core. In: Ture´kian, K.K. (Ed.). The late
Cenozoic Glacial Ages, Yale University Press, New Haven, pp.
71–181 (chap. 5).

Jennane, A., 1992. Application de la me´thode du Plomb-210 dans
l’estuaire maritime et le golfe du Saint-Laurent. Taux de se´dimen-
tation, flux et modes d’ablation. Maıt̂rise en Sciences de la Terre,
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