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Although numerous studies have been published
about the vertical migration ol dinoflagellates (Blasco,
1978; Brockmann et al., 1977; Hand et al., 1965,
Hasle, 1950; Heaney and Eppley, 1981; Kamykowski,
1981; Kamykowski and Zentara, 1977), few data arc
available on the genus Dinophysis. However, a recent
study by Durand-Cl¢ment et al. (1988) reports on the
vertical distribution of Dinophysis sp. during a 24-
hour period in Vilaine Bay (South Brittany, France).
1t emphasizes the role of light inlensity on cell survival
and confirms the similarity between Dinophysis sp.
and other dinoflagellates studied with respect to the
migratory cycle: the cells rise toward the surface at
dawn, then descend to lower depths at noon because
of inhibitory strong light intcnsitics before rising
again at the end of the afternoon.

Since several species of these toxic dinoflagellates
are widesprecad in Europe as well as Japan (Kat, 1983;
Tangen, 1983; Yasumoto et al., 1984; Lassus et al.,
1985; Marcaillou-Le Baut er al., 1985) and no cultures
currently allow a better understanding of their behavi-
our and the factors contributing to their development,
in situ obscrvations arc of particular importance in
determining the mechanisms governing proliferation
of these species.

The study carried out in Vilaine Bay by Durand-
Clément ez al. indicated neither swimming rates nor
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the role of temperature and sunshine. Morcover, the
measurcments made at a fixed point failed to take into
account horizontal movements due to tidal currents.
Accordingly, it was decided in this present paper to
investigate the vertical distribution of D. acuminata
within the Antifer oil tanker port in Normandy,
choosing the month of August 1988 because of the
very high ccll densities (Paulmier et al., 1985) found
there in summer. To avoid interference with advective
movements, an isolated water column was studicd by
mcans of a tank set up in situ, and all species of
dinoflagellates present in this cnvironment were
recorded.

A rcinforced polyethylene cylinder (thickness
50pm, length 30 m, diameter 1.28 m) was constructed
according to the prototype described by Brockmann
et al. (1974) and used by different authors (Brock-
mann et al,, 1977; Dahl and Brockmann, 1985). Inside
the cylinder, 500cm?® water samples were obtained
every 2 hours at 6 levels (I, 3, 5, 7, 10 and 20m)
using a Masterflex peristaltic pump; a Ponsclle heat
probe attached on the tip of the pumping tube was
used to measure temperature at the time the sample
was taken.

The opcrations of submerging the tank by ship
within the port, obtaining the samples and recovering
the material were carricd out on August 8 and 9,
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Figure 1. — Vertical distributions of D. acuminata densitics at
Antifer on August 8 and 9, 1988, between 14:00 and 10: 00 hours,
at 6 sampling levels, and time evolution of barycenter WD.

1988. The samples were subsequently fixed in formol
(2%) and examincd by inverted microscopy according
to the method of Uterméhl (1958), using 10cm? water
volumes. To facilitate calculation of ascending and
descending swimming rates of the dinoflagellate popu-
lation, a weighted depth (WD) was estimated every
2 hours as the barycenter of the vertical distribution
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of cells, that is:

WD =Y (Pkx Dk)/Y Dk

where Pk and Dk indicate corresponding depth and
cell density, and where result (WD) is expressed in
meters.

Figure 1 represents the vertical distributions of
D. acuminata for depths from 1 to 20m. A typical
behaviour may be noted in the migration: a spreading-
out at surface levels (1 to 3 m) from 16:00 to
20:00hours, and a second, ascending migration
(02:00 to 06:00hours), characterized by a low
amount of cells, scems to correspond to a subsurface
level (5 to 7m).

Changes in the barycenter of populations over time
made it possible to note two typical migratory
movements in D. acuminata essentially in the 0 to 6m
depth range: the first between 14:00 and 22:00 hours
and the second between 02:00 and 10:00 hours, It
is in the mid-afternoon that the “active” migration
by swimming of cells is greatest: 0.70m.h~!. Like-
wise, the fastest descending migration occurs between
20:00 and 22:00 hours with 1.11m.h~!, These
values are in the range of data reported in the liter-
ature (0.7 to Im.h™! for Gonyaulax polyedra and
Ceratium furca in Heaney and Eppley (1981); 0.72
to 1.80m.h~"! for other dinoflagellates in Blasco,
1978) as maximal velocities in small temperature gra-
dients.

Analysis of temperature in the depth range concer-
ned by the migration (0 to 10m) shows a marked
temperature gradient (2°C deviation between 1 and
7 m) in the 18:00 to 20:00 hours period. It would
thus seem clcar that most obscrved species, but
especially Dinophysis acuminata and Prorocentrum
triestinum, accumulated actively in the warm surface
layer above the thermocline. The low migration of D,
acuminata between 02:00 and 06:00 hours would
thus have no relation to the temperature gradient.

It should also be noted that the majority of cell
divisions observed in D. acuminata occurred at 06:00

Table 1. — Number of D. acuminata cells in division (cells.1™!) in the experimental tank at the different times and sampling levels (figures

between brackets indicate percentages of total D, acuminata populations).

Depth (m) Sampling times (h)
14 16 18 20 22 0 2 4 6 8 10
(1.16) (0.87)
I 0 0 0 0 0 0 0 0 100 0 100
0.12) (1.40)
3 0 100 0 0 0 0 0 0 500 0 0
(0.43) (0.18) 0.28)  (0.31)
5 0 100 1] 0 0 0 100 0 100 2 0
0.79) (0.84) (0.21)
7 0 0 0 0 0 0 0 0 200 400 200
_ (0.83)
10 0 0 0 0 0 0 0 0 100 0 0
20 0 0 0 0 0 0 0 0 0 0 0
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hours, involving only 3% of the counted population
(table 1). This result, confirmed by other observations
in France (7% of the population undergoing division
at 08:30 hours in Douarnenez Bay) and Japan (2%
divisions at 06:30 hours in Kesennuma Bay-—Igara-
shi, pers. comm.) suggests a relatively slow but synch-
ronous rate of division related to nycthemeral rhythm
(first hours of daylight).

Finally, we compared the hydrologic conditions
peculiar to the 2 days corresponding to our observa-
tions with all of the data collected over 25 days in
the same month, In this respect, it is of interest to
note that on August 8 and 9 surface salinity was low
(between 28 and 30g.171), whercas it had been higher
the prececding week (32 to 32.5g.171). Likewise,
winds were weak, attaining daily mean velocities of
less than 5m/s from August 1 to 9. Concerning tem-
peratures, differences between the surface and the
bottom were relatively insignificant until and includ-
ing August 9. Sunshine was modcrate on the 8th
(7.5hours) and rather limited on the 9th (3.2 hours).

Thus, hydrologic conditions corresponded to a
period of superficial desalination with a rewarming
of the surface layer on August 8, between 16:00 and
20:00 hours. Besides, the number of hours of sunsh-
ine was about the same as on the precceding day,
wherecas it was reduced by half on August 9. Given
the weak wind velocitics before and during the period
studied, a preponderant role cannot be attributed to
this parameter as a cause at the high densities of D.
acuminata obscrved at the sampling station in August.

In view of these different fiuctors, D. acuminata,
cxhibits migratory behaviour typical of several dino-
flagellates, on the same order as that described by
Durand-Clément et al. (1987) for Dinophysis sp. in
Vilaine Bay. However D. acuminata migration takes
place in two time phases and remains limited to a
surface layer (0 to 10m) without reaching dceper
levels (30 m).

The first phasc between 16:00 and 18:00 hours,
scems characteristic of nearly all species of dinoflagel-
Jates observed, that is, of species showing a marked
preference for estuaries.
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