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INTRODUCTION

For all time algae have been used by man» In Sweden they have 
been utilized as soil-improvement but only to a minor extent. 
Elsewhere, the interest for algae and algal products such as 
alginates, agar and pharmaceutics has increased drastically. 
Today "Sweden is the only industrialized country with rocky 
shores which has no seaweed industry whatever" (Michanek 
1975) .

The resources of algae in Sweden are less known, a regret­
table fact bearing in mind that these soon must be utilized.

The algal vegetation clearly reflects the state of the 
environment and if this changes, the vegetation will also 
change with respect to the composition of species, their abun­
dance and extension, A well known circumstance is, for example, 
the powerful growth of green algae in eutrophic waters.

The eel-grass, Zostera marina, is common in calm bays at a 
depth, of 0.5-8 m, where it often forms big fields with long 
"grass", and these so called Zostera meadows are enormously 
high in production and form a "children's nursery" of vital 
importance for many of our most essential fish for food. These 
ecologically important meadows have not been mapped in a 
satisfactory way with earlier- methods.

These were some of the reasons for trying aerial photography 
in order to document the vegetation of coastal waters. Another 
phenomenon that hopefully could be studied by aerial photo-. 
graphy is the spatial arrangement of phytoplankton, the so 
called patchiness..

A suitable test site was available at Brof jojrden on the Swe­
dish west coast, since this area had recently been thoroughly 
investigated before the establishment of an oil refinery, and 
the conditions there are fairly well known.
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It was also thought that the continuous outlet of oil from 
the refinery (approved by the water court) could be. studied.

Under these premises an application was submitted to the 
Swedish Board for Space Activities, and a grant was returned 
to provide the necessary means for a pilot project in accor­
dance with the ideas outlined above.

METHODS

Two flight registration's were made simultaneously , w.ith ground 
truth investigations." The first occasion was. :on September 3, 
1976 and the second one on May 27, 1977. The photographic 
equipment was a set of four parallel and vertically-mounted 
Hasselblad. cameras with a device for simultaneous exposures. 
The.altitude was 750 meters, giving a true length of 
approximately 400 meters of the side of the picture. To,allow 
stereo-effect studies there was a 60% overlapping of sub­
sequent pictures. The exposure time was 1/125 or 1/250 of a 
second and the lens opening was 4 for all exposures. •

In order to obtain better information, the cameras were 
supplied with filters. See Table 1.

Table 1. Film types and filters.

Camera
No

Filmtype Filter Approximate transmitted 
wavelength interval (am)

1 Black and white pan­
chromatic, Kodak Plus 
-X 5062

Wratten 58 500-600

2 Color film Kodak 
Aerocolor neg. 2445

(Mo filter) 400-700

3 Color Infrared sen­
sitive film Kodak 
Aerochrorae IR 2443

Wratten 12 500-900

4' Color Infrared sen- 1î st reg. t- 500-600 and .
sitive film Kodak Wratten 58 700-900
Aerochrome IR 2443 2*,nd reg. ;

Wratten 25
580-900
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Njotives fox' the choice of films and filters were the following.

1. Chlorophyll patchiness should be recorded as differences 
in gray tone level on black and white fiIn, allowing a 
numerical interpretation by reading the optical density 
of the film on a densitometer. The film is sensitive to 
green light, and the filter was applied to take away 
disturbing light intensity, especially in the blue region 
where there normally is a considerable amount of light 
from the sky reflected back by the sea surface.

2. An unfiltered true color picture was considered essential 
for the interpretation of the information contained in 
the material. The film was overexposed one to two steps 
to increase the visual penetration into the water.

3. The infrared color film was intended to record the benthic 
algae and also the oil slicks, if any, on the sea surface. 
The penetration into the water is less in the infrared 
region, but the oil is usually initially present at the 
surface. Positive infrared color film is known to give a 
good contrast of plant chlorophyll, which appears bright 
red. The film itself is sensitive to infrared light up to 
approximately 900 nm.

Ground truth investigations of the water were made simultaneously 
with the flight observations.

For the interpretation of the photos in respect of the benthic 
vegetation, profiles of the plant distribution in an earlier 
investigation were used. These ground truth informations were 
completed with mappings of two new areas chosen after studying 
the photos.

GROUND TRUTH ("Sea truth")

Ground truth parameters were: salinity, temperature, dissolved 
oxygen, secchi depth, chlorophyll a, carotenoids, extractable
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organic substances, mineral oil and yellow substance. Samples 
for quantitative and qualitative analysis of phytoplankton 
v/ere also taken. These ground truth data were used to cali­
brate the information provided by the pictures. There were 
25 ground truth stations and their positions can be seen on 
the map on page 15.

At the first registration samples were taken from the sur­
face and from 2.5 m depth, and at the second from 2.j m 
depth. At both registrations samples were also taken at the 
surface, 2.5, 5, 10, 15 and 20 m depth at Vert 2 and Vert 5.

Methods for the analysis of salinity, temperature, dissolved 
oxygen, extractable organic substances, mineral oil and 
yellow substance are those routinely applied by the Fishery 
Board of Sweden, listed in Carlberg (1972). Secchi depth 
was measured with a white disc of 25 cm dinmeter. A plain 
glass viewer was used. Chlorophyll and carotenoids are ana 
lysed after Strickland & Parsons (1972). Phytoplankton species 
are mainly named according to Heimdal et al. (1973).

The investigation of the benthic vegetation was made in two 
areas around the old benthic stations Bro 1 and Bro 5. See 
map on page 15.

PHOTOGRAPHIC ALTERATIONS

The large number of pictures, delivered by The National Land 
Survey of Sweden in Gävle who were responsible for carrying 
out the. aerial photography, were in the form of negative film 
material. For some purposes positive film was required, 
especially for the IR-registrations where chlorophyll stands 
out clearly as bright red with à good contrast to the paler 
surroundings. In some instances a lower optical density of 
the entire positive picture was achieved by manually changing 
the exposure time in order to get a better separation of dark 
tones in the water and thereby increasing the depth pénétra-
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tion. Such, a weakening of the pictures meant a corresponding 
loss of information for the land, which of course is of no 
importance in this analysis.

SUB-SURFACE STEREO EFFECT

An attempt was made to better define groups of benthic algae 
on the bottom by using a stereographic viewer. It turned out, 
however, that the stereo effect to a large extent was lost in 
the water, probably due to the different light refraction. 
Whereas hillsides on land stood out beautifully in all details, 
the continuous slope which forms the sea bottom was fuzzy and 
undetermined below the water surface. Some use of the stereo 
effect could be made, such that a boat or other drifting 
objects (hopefully also drifting algae) could be seen as hanging 
freely at the surface and at a distance from the bottom. Loose 
rolls on the bottom and bunches of algae reaching some meters 
above the bottom could not be seen clearly, however, and any 
advantage in this case of stereo over single pictures was not 
obvious.

DENSITOMETRY

On a series of pictures over the free water surface (flight 
strip B) a densitométrie determination was made on a MacBeth 
TD 504 at centre of pictures. This equipment is useful to 
digitalize the photographic information and the resolution is 
far better than that which can be achieved by the eye. The 
densitometer values were used for a comparison mainly with 
the chlorophyll content of the free water, but also with 
carotenoids and secchi depth.
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DENSITY SLICING

Some of the photographic material was used for a dénsxty sli­
cing on the equipment at the Geographic Institution, univer­
sity of Lund. Through this equipment it was also possible to 
get a continuous density graph of a line across the picture. 
The density graph was partly corrupted by the difference in 
light intensity between centre and outer parts of the picture. 
The attempt to apply density slicing to the material was there 
fore not very successful, Some improvement for observing 
patchiness could be noted, however, and the method was to a 
certain extent helpful when mapping the Zostera meadows.

RESULTS

The results of the project are somewhat difficult to present, 
being' in the form of a large number of photographs which are 
expensive to reproduce.

The following is a description of the photographic results 
together with a presentation of ground truth information.

Ground truth

The ground truth investigation has a value of its own, e.g. 
for future comparisons, and all data concerning the pelagic 
conditions are presented on pages 40-44.

Benthic vegetation

The extension of algal belts in shallow water have been best 
recorded on the true-color film, (camera no 2) and on the 
infrared-sensitive (IR) film, Wratten 12 filtered (camera no 
3) to separate different species and communities was *fery 
difficult, mainly because the bigger algae were orten mixed 
together and usually covered with filamentous species, 
mainly red algae. Moreover, the strongly pigmented algae 
also contrasted poorly with the dark granite bottom.
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However, rocky bottons viere easy to identify because they 
often ended in a light sand bottom without vegetation. As the 
Zostera meadows appeared some meters from the rocky bottom, 
it was easy to map this bottom as well as the Zostera mea­
dows themselves. (Fig. on page 24.)

At the first registration the transparency was greater than 
usual and it was possible to follow the hard bottom with 
vegetation down to the soft bottom within the whole area.
Only the deepest hard bottoms could not be seen. However, 
the production from these depths is not very high. (The large 
brown algae were, for example, not found below 4 m.)

At the second registration the surface was 0.2-0.3 m beneath 
mean water level (see Table 2), and the brown algae Fucus 
vesiculosus and Ascophyllum nodosum reached the surface. They 
were rich in epiphytes and on the positive IR photos they 
could be seen as red and distinct parts. At the first registra­
tion these communities were to a large extent covered with 
water, and therefore all parts were not recorded as red areas 
and thus difficult to assess.

Table 2. Water level.

Oate Time

Water level (cm)*
Smögen

(10 km V Brofjorden)
Tjärnö

(60 km N Brofjorden)
L976-09-03 11 + 20 + 26

12** + 24 + 33
13 + 24 + 36

L977-05-27 16 » 19 - 17
17** - 24 - 22
18 - 27 - 23

*0 = mean water level
** = time for registration
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Thus it should be noted that algae at the water surface can 
be recorded as red on the positive IR-film, regardless of 
their apparent color to the eye. That means in turn that the 
actual water level has a great influence on the result.

Hence algal vegetation was difficult to map while it was 
rather easy to map hard bottom surfaces covered with algae. 
However, earlier investigations in this area have shown 
that the vegetation almost exclusively depends on depth and 
exposure to waves and was in rough outline in Brofjorden 
as follows:

0 - 0.5 m: Fucus vesiculosus •
On.sheltered parts: Ascophyllum nodosum.
On parts strongly exposed to waves: Polysiphonia 

brodiaei and/or Ceramium spp.
0.5 - 2 m: Fucus serratus. (Lower part (1-2 m) mixed with 

Laminaria saccharina and L. digitata.)
2 - 3.5 m: Laminaria. (Laminaria saccharina - dom. and L. 

digitata . )
>3.5 m: Mixture of mainly red algae: Furcellaria fasti-

giata, Chondrus crispus, Corallina officinalis, 
Phyllophora spp., Cermium spp., Brongniartella 
byssoides and Bonnemaisonia hamifera.

See also fig. on page 24.

The Zostera meadows have been best recorded on the black-and- 
white film and on the true color film.

At the first registration when the transparency was greater 
than usual the Zostera meadows were very well developed and 
appeared as dark areas over a light bottom* Only in parts 
where the Zostera went down to 7-8 m, it was difficult to see 
its whole extension.

At the second registration the transparency was several meters 
less than usual and the Zostera, which just had started its
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vegetation period, was undeveloped, It could be seen 
excellently at 3-4 m depth but how far down it went could 
not be established.

Density slicing was tested when mapping the Zostera meadows 
and proved to be a good technique, but gave not so much 
additional information.

(The extension of the Zostera meadows in shallow water showed 
an amazing similarity at the two registrations.)

The Zostera does not extend deeper than to the normal secchl 
depth of the place where it grows. This means that, with this 
kind of remote sensing technique, it is possible to map 
Zostera meadows everywhere on the Swedish west coast under the 
following prerequisites: the secchi depth at the registration is 
preferrably greater than usual for the place, the Zostera is 
well developed (=autumn) and the bottom makes a sufficient 
contrast. At the first registrations these conditions were 
fulfilled and if became possible to map the Zostera meadows for 
one of the areas on the Swedish west coast which is most 
abounding in fish.

With maps over hard bottoms drawn after aerial photographs, 
good maps of the depths and a perspicuous knowledge of the 
vegetation, it is possible to construct maps for the most im­
portant vegetation communities in coastal waters. Maps drawn 
in this way are shown in figures on pages 32 and 33.

When comparing the results with other investigations it should 
be noted that water vegetation then often means reeds and other 
fanerogams, which grow on the bottom but have their main parts 
above the water surface. What is recorded here is truly sub­
mersed marine vegetation.
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Chlorophyll, carotenoids and phytoplankton

Ground truth data from the first registration showed an un­
even distribution of most parameters whereas data from the 
second occasion showed an unusually uniform distribution.
At both registrations the chlorophyll concentration was 
highest at a depth of 10 m. (Perhaps the halocline there 
had caught the plankton from an earlier algal bloom at the 
surface.) The aerial registrations, however, mainly showed 
the conditions near the surface. After studying the figures 
on pages 28 and 29 it would seem possible to take the values 
from the surface and 2.5 m depth and correlate with the 
photographs.

In order to record phytoplankton chlorophyll distribution 
in the upper part of the free water column the Panchromatic 
black-and-white film was used. The Wratten 58 filter was 
used to take away all wavelengths below 500 run, that is, 
to,avoid blue color influence. The optical density, at the 
center of all pictures was measured by a densitometer. The 
result is presented in the graph on page 30. A comparison 
with the ground truth distribution of chlorophyll at the 
surface, presented on the map, page 31, shows a very good 
resemblance with the picture interpretation.

Whereas benthic algae normally change seasonally and only 
slightly, the pelagic chlorophyll shows a more momentary pic­
ture with diurnal variations and changes taking place with a 
time scale of days when parcels of water containing the plankton 
algae are exchanged. Pelagic chlorophyll has to be recorded' 
more frequently in order to provide information about the con­
centration over longer periods of time. The good agreement 
between ground truth and densitometer values , is promising for 
the use of aerial remote sensing for quantitative chlorophyll 
determinations. Since chlorophyll concentration approximately 
can also be related to biomass and primary production of the 
water the method has a potential use for surveys of these 
parameters over large areas.



12

Carotenoids behaved almost in the same way as chlorophyll.

The results of the phytoplankton samplings from the first 
registration are shown on pages 34-39. It should be noted 
that the composition of plankton algae was almost the same 
for the whole area. The samples from Vert 2 and Vert 5 at 
the second registration showed an almost pure bloom of the 
dinoflagellate Dinophysis lachmanni. Thus, the differences 
that have been registered in the photos depend on differences 
in the number of cells and not on the composition of species.

Oil

Oil on the water surface has not been recorded with this 
technique, partly because it is not very sensitive to oil 
and above all because oil on the water was not present to 
any noticeable extent at the time of the registrations. For 
the amounts let out from the refinery, a photographic tech­
nique should not be recommended. A much more sensitive method 
for oil would be fluorescence recordnings after exitation 
with pulsed laser.

CONCLUSIONS

Aerial filtered photography can be used for the study of 
benthic algal communities but must be complemented by ground 
truth investigations. Under certain conditions the method 
is most suitable for the mapping of Zostera meadows. For 
studying pelagic chlorophyll and carotenoids the method is 
good, but for the detection of oil spills it will not add 
any further information to what can be seen from ordinary 
aerial photography.
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LEGENDS TO FIGURES ÅND DATA-SHEETS

Page

15 Map over Brofjorden with the flight strips A, B and C, 
and with the ground truth sampling stations indicated as 
small filled circles. The scale to the left of the strips 
indicates the geographic position of the (approx, centre 
of) pictures along the flight strips. (These picture num­
bers are also used for the catalog of pictures where the 
respective numbers are applied directly to each picture to 
avoid confusion.)

16 Secchi depth in meters on 1976-09-03. A plain glass viewer 
was used.

17 Oxygen oversaturation percentage on 1976-09-03.

18 Chlorophyll a concentration on 1976-09-03, surface values.

19 Ditto at 2.5 m depth.

20. . ., Concentration of carotenoid pigments, 1976-09-03, surface 
values.

21 Ditto at 2,5 m depth.

22 Concentration of mineral oil at surface on 1976-09-03.

23 Yellow substance on 1976-09-03, 2.5 m depth.

24 Schematic picture of the vegetation on a semi-exposed shore 
in Brofjorden.

25 Secchi depth in meters on 1977-05-27. A plain glass viewer 
was used.

26 Chlorophyll a concentration on 1977-05-27, 2.5 m depth.
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27 Concentration of carotenoid pigments 1977-05-27, 2.5 m 
depth.

28 Chlorophyll a and carotenoids at Vert 2 and Vert 5 on 
1976-09-03.

29 Ditto on 1977-05-27.

Î0 Graph of optical density measured with densitometer
on the black-and-white film taken along the flight strip 
B on 1976-09-03.

31 Graphs of Secchi depth, chlorophyll a and carotenoids 
of the ground truth stations along the flight strip B 
on 1976-09-03.

Î2 Map of bottom vegetation at Bro 5 constructed from pictures 
C 26.

J3 Map of bottom vegetation at Bro 1 constructed from pictures 
C 50.

34-39 Phytoplankton species composition as obtained from Utermöhl 
analysis of samples taken 1976-09-03.

10-44 Tables of all ground truth data obtained on 1976-09-03 and 
1977-05-27.
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Chlorophyll a and Carotenoids 
at Vert. 2 and Vert. 5 1976-09-03
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Chlorophyll a and Carotenoids 
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BRÖFJORDEN 1976-09-03 Number of cells (thousands/liter) 
Depth 0 m 
Stations

B2 B3 B4 ' B5 B6

BACILLARIOPHYCEAE
Cerataulina pelagica 0.8 1.2 3.2 1.4 2.0
Chaetoceros spp. 7.2 3.8 35.0 62.0 65.0
Ditylum brightwellii
Guinardia flaccida 0.2
Leptocylindrus danicus 3.0 Û.7 0.2
Nitzschia closterium 0.2 45.0 40.0 8.0 35.0
Rhizosolenia alata 0.2 0.2
R. fragilissimà 0.4
Skeletonema costatum 105.0' 80.0 40.0 11.0 40.0

D1NOPHYCEAE
Ceratium furca 4.6 4.0 1.8 4.8 5.0
C. fusus 0.4 0.4 0.2 0.2
C. lineatum ■ ;
C. tripos 0.6 0.4 0.4 0.1 0.2
Dinophysis acuta 0.1
D. lachmannii
D. morveg.ica
D. rotvmdata 0.2
Gonyaulax digitale 0.8 0.8 1.2 3.2 0.8
G. polyedra 18.4 15.0 36.4 44.0 31.4
Gymnodiniaceae 10.0 60.0 5.0 23.0 20.0
Minuscula bipes 0.2
Oblea rotunda
Peridrnium divergeas 0.2 1.2 1.0 0.6 0.2
P. oceanicum
P. pellucidum 0.4
P. steinii 1.4 0.8 1.0 0.6 0.6
Prorocentrum micans 2.8 1.0 2.0 3.0 2.6
Scrippsiella faeroense 0.4 0.8 1.4 1.3 0.8
OTHERS
Acanthoica quattrospina 
Apedinella spinifera
Dictyocha fibula
Distephanus speculum 
Meringosphaera mediterranea

0.2
3.0

0.2

Trochiscia ? 0.6 3.0 2.4 1.7 1.2
Unidentified flagellates 20,0 15.0 45.0 10.0 60.0
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BROFJORDEN 1976-09-03 Number of cells (thousands/liter}
Depth 0 m 
Station:

B7 BS B9 BIO Bll B12

BACILLARIOPHYCEAE
Cerataulina pelagica 1*0
Chaetoceros spp. 7.4
Ditylum brightwellii 0.2
Guinardia flaccida 
Leptocylindrus danicus 
Nitzschia closterium 10.0
Rhizosolenia alata 
R. fragilissima
Skeletonema costatum 20.0
DINOPHYCEAE
Ceratium furca 4.8
C. fusus 
C. lineatum
C. tripos 
Dinophysis acuta
D. lachmannii 
D. norvegica 
D. rotundata
Gonyaulac digitale 0.2
G. polyedra 16.8
Gymnodiniaceae 45.0
Minuscula bipes 
Oblea rotunda
Peridinium divergens 1.6
P. oceanicum 
P. pellucidum
P. steinii 0.2
Prorocentrum micans 2.6
Scrippsiella faeroense 0.2
OTHERS
Acanthoica quattrospina 
Apedinella spinifera 
Dictyocha fibula 0.4
Distephanus speculum 
Meringosphaera mediterranea 
Trochiscia ? 1.8
Unidentified flagellates 25.0

U . ‘i

20.4 15.8
*» * “
6.0 7.0 10.6

0.2
0.8 2.6 1.2
5.0 10.0 15.0 18.0 11. c

0.2 7.6
00«H 2.4 0.6 3.2 0.8

0.4
0.4 0.2 0.2

0.2

4.8 5.8 2.4 5.4
35.0 40.0 15.0 45.0 15.0

0.2 0.2

0.6 0.6 0.2 0.4 0.2

0.4 0.4 0.2 0.4
0.4 1.4 0.4 1.2 0.4
0.4 0.6 1.4

0.2
0.2 0.4 0.4

1.0 0.8 0.2
10.0 35.0 20.0 44.0 30.0
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BROFJORDEN 1976-09-03 Number of cells (thousands/liter)
Depth 2.5m
Station:

B2 B3 B4 B5 B6

BACILLARIGPHYCEÄE
Cerataulina pelagica 0.4 1.8 2.0 0.4
Chaetoceros spp. - 90.6 7.0 4.8 19.2 4.8
Ditylum brightwellii
Guinardia flaccida
Leptocy1indrus danicus 20.0
Nitzschia closterium 40.0 15.0 50.0 5.0 5.0
Rhizosolenia alata 0.2
R. fragilissima 0.4
Skeletonema costatum 256.0' 20.0 10.0 120.0

DINOPHYCEAE
ceratium furca 4.8 3.0 2.6 6.0 3.0
C. fusus 0.2 0.4 0.6 5.0 0.2
C. lineatum 0.6
C. tripos 0.6 0.2 0.4 0.2
Dinophysis acuta
D. lachmannii 0.2 0.2
D. norvegica
D. rotundata
Gonyaulax digitale 1.8 0.4 0.8 0.4
G. polyedra 17.0 13.8 34.0 64.8 32.2
Gymnodiniaceae 135.0 130.0 65.0 65.0 32.0
Minuscula bipes 0.2
Oblea rotunda
Peridinium divergens 1.4 0.4. . 1.4 2.8 1.4
P. oceanicum 0.2 0.2
P, pellucidum
P. steinii 1.2 0.6 2.4 0.4 0.6
Prorocentrum xnicans 3.2 1.2 2.6 6.0 2.6
Scrippsiella faeroense 2.2 0.6 0.6 1.2 1.2

OTHERS
Acanthoica quattrospina 0.2
Apedinella spinifera
Dictyocha fibula 0.4 0.4 '0.2
Distephanus speculum
Meringosphaera mediterranea 15.0
Trochiscia ? 0.4 2.6 1.0 4.0 0.2
Unidentified flagellates - * 200.0 40.0 40.0 60.0 30.4



37

BROFJORDEN 1976-09-03

BACILLARIOPHYCEAE
Cerataulina pelagica 
Chaetoceros spp.
Ditylum brightwellii 
Guinardia flaccida 
Leptocylindrus danicus 
Nitzschia closterium 
Rhizosolenia alata 
R. fragilissima 
Skeletonema costatum
DINOPHYCEAE
Ceratium furca 
C. fusus 
C. lineatum
C. tripos 
Dinophysis acuta
D. lachmannii 
D. norvegica 
D. rotundata 
Gonyaulax digitale 
G. polyedra 
Gymnodihiaceaé 
Minuscula bipes 
Oblea rotunda 
Peridinium divergens 
P. oceanicum
P, pellucidum 
p. steinii 
Prorocentrum micans 
Scrippsiella faeroense
OTHERS
Acanthoica quattrospina 
Apedinella spinifera 
Dictyocha fibula 
Distephanus speculum 
Meringosphaera mediterranea 
Trochiscia ?
Unidentified flagellates

Number of cells (thousands/liter) 
Depth 2.5m 
Station:

B7 B8 B9

3.0 6.6 0.6
0.4

2.0 4.0
0.2

2.0

2.0 2.4*

3.6 2.0
0.2

3.8

0.4 0.2

0.2
0.2

16.6
40.0

9.6
20.0

5.4
12.0

0.2
0.8 1.2 0.2
0.2
0.2
2.4
0.8

0.2
0,2
1.2
0.2

0.8
0.4

0.2
0.2

0.6
18.0

0.4
10.0

0.2
6.0

B10 Bll Bl 2

7.0
0.2

8.2
0.4
7.2

7.0 16.0 9.0
0.2

2.0 0.6 1.2

0.8
0.2
0.2

2.0

0.2

2.0

0.2
0.2

2.0
26.0

5.4
40.0 16.0

0.8 0.4
0.2
0.8 1.2 

0.2
0.6

2.0
0.4 . 0.4

25.0
0.2
32.0 26.0
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BROFJORDEN 1976-09-03

0

BACILLARIOPHYCEÄE
Cer.atauli.na pelagica 
Chaetoceros spp. 22.
Ditylum brightwellii ö.
Guinardia flaccida 0.
Leptocylindrus danicus 9.
Nitzschia closterium 3.
Rhizosolenia alata 
R. fragilissima 0.
Skeletonerna costatum 14 .

DINOPHYCEAE
Ceratium furea 5.
C. fusus 0.
C. lineatum
C. tripos 0.
Dinophysis acuta
D. lachmannii
D. norvegica 0.
D. rotundata 0.
Gonyaulax digitale 0.
G. polyedra 35.
Gymnodiniaceae 22.
Minuscula bipes 1.
Oblea rotunda
Peridinium divergeas 1.
P. oceanicurn
P. pellucidum Ö.
P. steinii 0.
Prorocentrum micans 2.
Scrippsiella faeroense 0.

OTHERS
Acanthoica guattrospina 2.
Apedinella spinifera 3.
Dictyocha fibula 0.
Distephanus speculum 0.
îleringosphaera mediterranes 
Trochiscia ? 2.
Unidentified flagellates 2.

of cells {thousands/liter) 
Station; Vert 2

m
Depth :

5 m 10 ei 15 m 20 m

.2 0.6

.8 7.0 4,0 5.0 1.2
0.2 0.2

0.2 0.2
.0 2.2
.0 30.0 15.0 8.0 11.0

.0- 95.G 52.2 38.0 29.0

.0 3.2 1.2 5.4 4.0

.2 0.3
0.6

.6 0.2 0.2
0.2

.2

.0 0.6 1.4

.6 46.2 39.2 3.6

.0

.2

90.0

0.6

311.0

0.4
1.0

51.0

.2 0.8 1.0 0.2 0.2

.2

.2
3.0
0.8

2.6
0.6

2.4 0.2

1.0 0.2
1.0

0.2
0.4

.0 5.0 13.0 5.0 1.0

.8 0.2

.0 75.0 29.0 27.0

Number

m 2.5

2
9 12
1
2
0 1
0 10
3
0 25

2 3
2 0
2 0

2
3 0
7 2
5 39
0 80
0

4 1

8
5 0
6 4
6 1

0
0
1
1

15
3 0
0 70
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BROFJORDEN 1976-09-03 Number of cells (thousands/liter) 
Station: Vert 5 

Depth:
0 m 2.5 m 5 m 10 m 15 m 20 m

BACILLARIOPHYCEAE
Cerataulina pelagica 
Chaetoceros spp.
Ditylum brightwellii 
Guinardia flaccida 
Leptocylindrus danicus 
Nitzschia clo'sterium 
Rhizosolenia alata 
R. fragilissima Skeletonema costatum
DINOPHYCEAE
Ceratium furca 
C. fusus C. lineatum
C. tripos Dinophysis acuta
D. lachmannii 
D. norvegica 
D. rotundata 
Gonyaulax digitale 
G. polyedra Gyrtmodiniaceae 
Minuscula bipes 
Oblea rotunda Peridinium divergens 
P. oceanicump. pellucidum 
P. steinii Prorocentrum micans 
Scrippsiella faeroense
OTHERS
Acanthoica quattrospina 
Apedinella spinifera 
Dictyocha-fibula 
Distephanus speculum Meringosphaera mediterranea 
Trochiscia ?Unidentified flagellates

2.2
12.2 9.6 23.4 7.6 1.6
0.2 1.4 2.0

10.0 9.0 1.2 16.0 6.0
0.2

6.4 4.0 26.2 21.6 30.0

0.4 0.6 2.4 0.6 1.0
0.2 0.4

0.2 0.2 0.6

0.2 0.2 0.2
0.6 1.2 4.8 10.4 0.4

15.0 12.0 6.0 108.0 27.0
0.2

0.2 0.4 0.6 0.4 0.2
0.2

0.2 0.2
0.6 1.0 0.8 0.4 0.4
0.2 0.2 0.8 0 .4

6.0 0.2
0.2 0.2
0.2o

'•#

oX* 10.0 6.7 18.0 23.0

1.6

7.0

4.6

1.2

7.0

0.2

6.0
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Hallbäck, H., Hagström, 0. and Winström, K., 1974. Fiskeri- 
biologiska undersökningar i Brofjorden 1972-1974. Med­
delande från Havsfiskelaboratoriet.” Lysekil» 175.
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