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Microscopical Observation and Microphotography
of Phytoplankton on Board of the Research Vessel
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Faculty of Applied Biological Science, Hiroshima University, Fukuyama

(Figs. 1-2; Tables 1-2; Plates 1-2)
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Fig. 1. Several pages of the field note taken during the 1st cruise, giving rough sketches of
phytoplankters, some of which show that it is possible to observe fairly well and in
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detail even on board the vessel without strict regards for prevention of vibration, at
least when the microscopical observations are performed whilst the vessel is at anchor.
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Explanation of Plate I.

Fig. 1. Final construction of the microphotographic instrument set up in the state
cabin of the R/V Toyoshiwo-maru. An inverted microscope, equiped with lamp
house set with halogen bulb and a camera grasped by the arm of the holding
stand, is placed on the stage of the vibration-proof bench “Visolator D-150 AD”.
Abbreviations: 1. h., lamp house; c., camera; c. r., cable release; v. f., view
finder; e. p., eye piece; m. s., inverted microscope; t., transformer; h. s., holding
stand; a., arm of holding stand; s. m., stage of the microscope; r., revolver;
f. s., focusing scale; v., Visolator D-150 AD; s. v., stage of Visolator.

Figs. 2—4. Microphotographs of 3 species of phytoplankters taken while steaming
during the 2nd cruise on the R/V Toyoshiwo-maru by using Nikon s-Ke ordinary
microscope, Nikon AFM microphotographic apparatus and the vibration-proof
bench, “Visolator D-150 AD”. Abbreviations: a., areola; r., rosette; a. h., apical
horn; s., suture; t. f., transversal flagellum; g., girdle; r. a. h., right antapical horn;
1. a. h., left antapical horn; 1. f., longitudinal flagellum.

Fig. 2. Coscinodiscus perforatus var. pavillardi (ForTi) HUDSTEDT. Areolate structure
with central rosette of valval plane of the frustule is clearly visivle. The sub-
circular coarse aleolae adjoining closely each other are smaller in the central
portion, but increase in size gradually at first to halfway outwards then diminish
again toward the periphery. The diameter of the frustule is ca. 120u and 4
areolae occupies ca. 10u around the rosette in this specimen. X 500.

Fig. 3. Ceratium furca (EHRENBERG ) CLAPAREDE & LACHMANN. Central portion of
the body observed from the ventral and focused on the dorsal sides. The girdle
and a certain portion of the sutures are clearly visible. But the transverse flagel-
lum extending inside the girdle, and the longitudinal flagellum running from the
proximal part of the left antapical horn obliquely backwards between the 2
antapical horns are very unclear. These flagella had been undulating and waving
vividly during the photography. x 1,000.

Fig. 4. Ceratium bucephalum (CLEVE) CLEVE. Central portion of the body observed
from the ventral side and focused on the dorsal side. The girdle and a certain
portion of the sutures are very clear but the longitudinal flagellum extending
obliguely outwards from inside the antapical part of the body is obscurely seen.
x 1,000.
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Explanation of Plate II.

Microphotographs of 4 species of dinophycean phytoplankters taken during the
3rd cruise on the R/V Toyoshiwo-maru by using a Nikon MTD inverted micro-
scope, Nikon AFM microphotographic apparatus and the vibration-proof bench
“Visolator D-150 AD”. Abbreviations: ap., apex; ant., antapex; g., girdle; s.,
sulcus; cp., cytoplasm; th., theca; n. v. a., naked ventral area; 1, 2’ & 4/, Ist,
2nd and 4th apical plates; 17, 27,3, 5", 6" & 77, 1st, 2nd, 3rd, Sth, 6th and
7th precingular plates.

Fig. 1. Gymnodinium splendens LEBOUR, immediately before the completion of the
binary cell division. The 2 daughter cells attached obliquely together in front
and in the rear, are slowly swimming around in rotation like the parent cells.
x 500.

Fig. 2. An unidentified thecate dinophycean phytoplankter. Cytoplasm that lost its
characteristic form is escaping from the apical part of the theca. This cytoplasm
accomplished the desertion immediately after the photography, swam rapidly
around rotating like a bullet for a while and then settled down on the bottom of
the flat hole slide glass showing the characteristics of Protodinium. x 1,000.

Fig. 3. Peridinium punctulatum PAULSEN observed from and focused on the ante-
roventral side. The microstructures on the ventral surface of the epitheca are
clearly seen. Tabulation — the 1st apical plate (1') represents the ortho type
surrounded by 2 other apical (2’ & 4') and 2 precingular (17 & 7”) plates.
x 1,000.

Fig. 4. Ceratium furca (EHRENBERG ) CLAPAREDE & LACHMANN. Anterior daughter
cell with morphological defect because of the delay of the formation of the
posterior half of the body corresponding the other daughter cell, she is elegantly
swimming characteristic way directly after the oblique binary cell division
observed from the dextroventral side. x 500.
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Table 1. Comparison of some characteristics of vibration-proof elastic materials in common use.

Elastic rubber Steel coil compression spring Air spring
Characteristic
6—10 Hz 2-5 Hz 1-4 Hz
frequency
Spring constant large medium small
Friction
Internal friction large small -
Fluid friction - - medium
"""""""" Prevention of
. X not effective effective most effective
external vibration
Absorption of i i X
i most effective effective not effective
external impact
Decrement of
fast very slow slow

internal vibration
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Table 2. Comparison of some characteristics of ready made vibration-proof instruments.

Visolator, Nik ibrati
Vib ¢ steel coil ! O;IJI ":lon' Visolator,
1bramoun compression gx:])o .enc ’ air spring series
spring series serles
Vibration-proof steel coil com- steel coil com- air spring, air spring,

materials used pression springs,

pression springs,

damping orifices

damping orifices,

steel dampers air dampers, automatic leveling
rubber tube valves
dampers,

elastic rubbers

Characteristic _ 2.5 Hz 2 Hz 1.2 Hz
frequency

Transmittance

of external 0.06 less than 0.015 - less than 0.018
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Fig.2. Structure of the vibration-proof bench “Visolator D-150 AD” furnished with steel coil
compression springs with rubber pads on both ends, air dampers, rubber tube dampers and elastic
rubbers as vibration-proof materials. External vibration transmitted to this instrument from the floor
is mainly annulated by the coil springs. The external impacts brought about during the operation of
the microscopical instrument set up on the stage are absorved by the springs, dampers and elastic
rubbers. The internal vibration, if generated, is suppressed by the air dampers and elastic rubbers.
The rubber tube dampers together with the elastic rubbers mainly serve to diminish the horizontal
vibrations of external and internal origin. Weight that is loaded inside the bucket on which the
stage is placed through the intermediation of air dampers and suspended from the uppermost ends
of the coil springs, helps to make the characteristic frequency of this instrument smaller and to
lower the center of the gravity at the same time. Abbreviations: st., stage; a. d., air damper; bt.,

bucket; r. p., rubber pad; c. s., steel coil compression spring; r. t. d., rubber tube damper; e. 1.,

elastic rubber; wt., weight.
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Summary

Microscopical observation on board of research vessels seems to have been usual and
common in the early days of biological oceanography. Charles DARwN observed the
planktonic blue-green alga Trichodesmium erythraeum on board of the “Beagle” and John
Murray found 2 species of dinophycean plankters, Pyrocystis pseudonoctiluca and P. fusi-
formis, when he made his observations on board the “Challenger”, yet this method did
not become prevalent. Phytoplankton samples were fixed with adiquate fixatives on board
and brought to shore laboratories for microscopy later, especially since sailing vessels had
to give place to steamers the problem of vibration of the vessel arose too.

Fixation, however, causes disadvantages, as listed below,

o Deformations are shown by certain phytoplankters which are biologically and

ecologically very important.
The discoloration of sample is inevitable.

o Biological processes, such as the movement of phytoplankton itself, the cell

contents, the flagella, cell division or conjugation can not be observed anymore.

The present author could perform his microscopical observations and the micro-
photography of phytoplankton on board the R/V Toyoshiwo-maru, by using a vibration-
proof bench, “Visolator D-150 AD”, after the examination and elimination of several
other vibration-proof materials and instruments.

The method of microscopisal observation and microphotography is shown first, in this
paper. We give, then, microphotographs, with brief explanations, of Coscinodiscus
perforatus var. pavillardi, Gymnodinium splendens, Peridinium punctulatum, Ceratium
furca, C. bucephalum and of an unidentified thecate dinophyceae, which were taken
during the cruises, some of these show their microstructures clearly, others show cell
division or desertion of cytoplasm from the theca.



