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Electron microscopical studies on Synura covered with minute silica scales have
not yet precisely been made in Japan, excepting a few publications by TAxAnAsHI
(1959, 1960, 1961).

The present writer is going to explain the results of his investigation on
morphology and distribution of Synura Petersenii, Synura Petersenii var. glabra,
Synura spinosa, Synura sp/zagmcola, Synura echinulata and its forma and Synura
wvelle in ponds at Tsuruoka Palk in ponds of swamp at Mt. Gassan and other
lakes in the mountainous region, and paddy-field consisting of rice nursery, rice
field and narrow ditch, and also on seasonal fluctuation of Synura Petersenii and
its var. glabra and Synura spinosa in ponds at Tsuruoka Park during a period
from 1961 to 1962,

Sincere thanks are due to Professer Dr, Noboru Ak for his guidances, and
also to Mrs, Katharine Harris of University of Reading, and Professer Dr.
Shoichiro Suzukr of Yamagata University for their invaluable advices.

Materials and Methods

Two bottles of water were collected from several ponds and lakes (Table I).
Table 1. Data of collectioning of water.

Locality Date ] Wt (°C) ‘ pH lAltitude(m)
Ponds at Tsuruoka |May, 1954 - Apr., 1955 \ 16
Park * June, 1961 -Sept., 1962 | 0. 8-29. 8] 6.0- 9.5
Paddy-field May - Aug., 1954 | 10, 5-37 6, 4- 8. 4 16

Aug.,1954 - April,1955| 1,3-24 6.3- 7.3
Nov., 1962 - July, 1963 | 4,5-29,7 6.3~ 6.9
Ponds in swamp at "
Mt. Gassan 1450 - 1500
Midagahara pond May-Nov., 1964 0. 8-28 4,4- 7.3
group Other ponds | August, 1964 30 4, 7- 5,9 1550 - 1900
Lake Sakozuli at | pygust, 1957, 1961 6.8 840
Take I(zg"“ Adke at | 110 1959 19 -20.4 6.2- 6.4 963
Pond of Motodate August 1962 —
River Higashine July, Oct., 1963 and 4,1-20 6.6~ 7.0 100
April, 1964

st Former name

“Ditch at Tsuruoka Park’’
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Organisms of one of these hottles (0.5 lit. of water) concentrated by centrifug-
ing at about 3,000 rpm. A drop of concenfrate was examined under the light
microscope, and the living organisms were identified as nearly as possible and
drawn and counted the number of cell of Synwrea. For examination of whole
scales of one cell of Synura, one or few cells were mounted on the carbon film,
and then before they are dried up, organic matter was disolved away by dropping
down 1/2 to 1/4 of a drop of dilute solution of chloral hydrate.

The other fixed sample of water (0.5 lit,) was concentrated to 10 cc; the
number of organism in 0.05 cc or 0.1 cc of concentrated water was counted under
the light microscope ; then the water sample was mounted on 3 to 6 meshes for
thoroughgoing examination with the electron microscope.

Resulis

1. Morphology of Synura

(1) Colony and cell ;

Colony of Synura Pelersenii is spherical, 35 to 50 ¢ in diametre, sometimes
it consists of sparcely placed cells with long stalk (Fig.A, 3.4). Cell with two
unequal flagella, ovoidal to spherical, 9-12x7, 5-10.5 ¢ (Fig.A, 9-12).

Colony of S. spinosa is spherical, about 30 g in diametre, or long ellipsoidal
(in April), 30xx60z and 354x9 (Fig.A, 1.2), and in February spherical
colony which contained small daughter cells is found. Cell with two unequal
flagella, long ovoidal, angular ellipsoidal or spherical, 13-19¢x9-13¢ (Fig.A, 5-7).

By centrifuging, colony disintegrates into separate cells, losing their stalk,
and changing their form from ellipsoidal and ovoidal to spherical of 8. 5/ to 104
(S. petersenii) or 1d; to 20y (S. spinosa) in diametre.

Encysted cell of S. spinosa is found in February; cyst is spherical, 14x in
diametre (Fig.A, 8).

(2) Flagella (Plate I)

Two flagella of S. Petersenii are unequal. The longer one is pantonematic
(pleuronematic), 20y to 35 in length and its long terminal filament 5 x to 6p
(P1, 1, Fig. 2). The fine structure of the two closely resemble those of S. spinosa
(Fort, 1957) and S. Petersenii (MANTON, 1954, BourrreLLy, 1957).

(3) Lorica and scale

The armour (Lorica) of Synura is constructed of minute silica scales which
disposed regularly on the surface of the cell. The intact armour of S. spinosa
and S. sphagnicola is shown in Plate VII, II and XI. Scales of the two are longi-
tudinally disposed around the cell, on the other hand, scales of S. Pelersenii
obliquely relative to the long axis of the cell, at an angle of about 40°—45° to it
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10 11 12

Figure A. Colony and cell of Synura in Ponds at Tsuruoka
Park (——:--10p)
Synura spinosa
Long-ellipsoidal colony (April 12, 1962)
Spherical colony (Dec. 11, 1961) ,
Oval cell with peduncle (stalk) (April 24, 1962)
Ellipsoidal cell in colony (Jan. 25, 1962)
Disintegrated spherical cell (Jan. 25, 1962)
. Encysted cell, electron micrograph of this cell is
shown in Plate -II, Fig. 5. (Feh.6, 1962)
Synura Petersenii var. glabra
3, -Spharical colony (June 20, 1961)
4, Small colony which consists of sparcely placed cells
with a long stalk (peduncle) (Dec. L1, 1961)
9,10, Oval cell with stalk (peduncle). (Jan. 25, 1962)
11.12. Disintegrated cell (March 8, 1962)
(Flageila are omitted from Figs. 1 and 2.)
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(Korsuikov, 1926, Taxamasii, 1960 Figs, 10, 11)

Spine of Uvellae and thorn of Petersenianae project outwards toward anterior
portion of cell, consequently cells of the two groups show respectively spinose
and serrate border (Plates I, II). The armour is constructed of apical, body
(median) and stalk scales which vary in shape though the characteristic structure
of species is recognized clearly.

Synura in this region were identified to following species on the base of
scale: Synura Petersenii and var. glabra, Synura uvella, Synura spinosa £. s pinosa
and f. curtispina, Synura echinulata and new forma and Synura sphagnicola.

Petersenianae

Synura Petersenii and var. glabra are included to this group. Scale is
constructed out of a hollow cavity with a apical thorn, radial ribs, an upturned
edge on the outer side of perforated plane, and a pore of 0.3 to 0.4 p in diametre
at the base of thorn at the inner side (Pl. III, Figs. 20, 21),

Replica of scale is shown in Figures 19-21.

Synura Petersenii KORSHIKOV
Several scales of one cell in Ponds at Tsuruoka Park are shown in Plate III,
Figures 9~17. Apical scale is nearly oval (Figs. 9, 10), body scale elliptic and
stalk scale very small (Figs. 16, 17), Typical scales of Petersenii are shown in
Figure 18. Scales with interconnected ribs (Figs. 22, 30, 31) and smaller scales
(Figs. 31-33) were found in some localities.
Synura Petersenii Korsd, var. glabra (Korsi.) H-Pesrarozzi

The constructional elements of scale are identical with those of S. Petersenii
(Figs. 23~28), but var. glabra is distinguished from S. Petersenii by the follow-
ing points: (1) a less silicified scale, (2) shape is more oval, (3) a less developed
middle cavity.

The intermediate scales of Synwura Petersenii and its var. glabra were
abundant in materials of ponds. And abnormal scales which three scales combined
into one (Pl. V, Fig. 34), and also those of large size with abnormally developed
cavity (Pl. V, Fig. 35) were found.

Uvellae

Species with spined scale are included to this group. Scales are oval with
upturned edge, a more or less strongly developed hollow spirie, which forms an
angle about 45° with the scale, on the outer side, and a pore at the base of
spine at the inner side; and on the front plane, there are such ornament as
hexagonal mesh (S. wvella, S. spinosa), linear thickenings (S. echiinlata), many
papillae (S. echinulata forma) and membrane with linear openings (S. sphagnicola,
Pl. X Fig. 67a).

Replica of scales of S. spinosa and S. echinulata are shown in Figures 50, 51
and 39-40,
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Synura uvella Eurinserc emend. Korsmikoy
Few scales only were found in pond of Motodate (Pl. VI, Figs. 36, 37).
Synura echinulatea Korsuikov

Scale presents a spine ending in one point and linear thickenings which
seem to be covered by thin membrane (Fig. 39. Harris and Bravrey 1958, Fig,
26). Stalk scales are narrow, and at the rear end of cell it becomes slipperlike
scale without spine and linear thickenings (Pl. VI, Fig, 41).

Synura echinulata forma (Pl VII, Figs. 42-47)

The present writer found the scales, which have never been illustrated, with
many papillae in place of linear thickenings of type, in materials of ponds in
swamp at Mt. Gassan and paddy field (Figs. 42-47). The dimension of scale is
nearly identical with those of S. echinulata. Also he found comparatively shorter
rodlike (tubular) scales (3.8-7.2p in length, 0.2-0.3y in thickness).

Synura spinosa KOrRsHIKOV
S. spinosa Korsuikov f, spinose PETERSEN

A part of armour (lorica) is shown in Figure 48. Scales of one cell vary
from anterior towards posterior portion of cell as is shown in Figures 49 to 58,
The present species has the hollow rod-like (tubular) scale (5.7 p-11L.5 g in
length, 0.2 #-0.3 g in thickness) which the upturned edges of both sides of
narrow thin silica membrane overlap each other (Plate IX, Figs. 59 to 60). The
curved and thinner end of rod-like (tubular) scale seems to be connected with
a triangular stalk scale (Fig. 61). Prolonged scale (Fig. 62), spheric thin scale
and smaller scales were found (Figs. 63, 64).

Synura spinosa f. curtispina PLrERSEN

Scales have shorter spine (1.5p to 1. 6x in length) with 3 to 4 teeth at
apical end (Fig. 65). The hexagonal mesh pattern and upturned edge of scales
in this region are more well developed than those in Denmark which illustrated
by Prrersex (1956). Scales shown in Figure 65 rather resemble to scales of
Synure favus Braprey 1966.

Synura sphagnicola (Korsaikov) Korsmikov 3

The present species occurs in such acid water only as ponds in swamp at
Mt, Gassan, Lake Otori-ike and Lake Sakazuki-ko in the mountainous region.

Scale with evenly perforations, upturned edge and few linear openings, has
yet not been pointed out; it shows the most simple structure in spined scales.

Scales of S. sphagnicola are abundant in variety in 7 stations at Mt. Gassan
and Lake Sakazuki-ko and Lake Otori-ike ; namely oval scale with nearly hexagonal
perforations (Fig. 69), narrow scale with well developed upturned edge (Figs.
67, 68), and scales with unevenly perforations (Fig. 72).

The writer divids these scales into 4 types on the base of form, and then
measured their size. The results are shown in Table II,
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Table II. Comparison of scales of 4 types of S: sphagiicola.

Scale Upturned edge *
Type length  breadth breadth of posterior | Extent of upturned
end edge : length of scale
a 3-3.6 2.2-2.6 0.18 3/5
b 2,8 2.1 0.3 4/5
c 2.8-3.4 2.2-2.5 0. 47 3.5/5
d 2.7-3.8 1.7-2.3 0.49 4/5

Type a---oval, unevenly perforated scale (Fig. 72)

Type b---oval scale in lakes (Figs. 8, 76)

Type c---scale with well developed upturned edge (Fig. 66)

Type d---narrow scale with well developed upturned edge (Fig. 67)
#L---Length of scale

E.--Extent of upturned edge \ = L
b---breadth of posterior end of upturned edge ITE
Synura sp. (PL. XII, Fig. 77) 7 T‘b

Few only scales found in paddy-field and River Higashine.
Size of scales of all Synura species in this region is shown in Table III.

Table IIl. Size of scales of Synure in Yamagata Prefecture,

Apical &

Body scales Stalk scale Rod-like scale

Locality
Species

length |breadth length lbreadth (tubular scale)

Synura Ponds at Park | 4. 8(/.1). 2 6(/1)‘ 1. 9(;1)' 0. 85(x)
Petersenii | Paddy-field 2.3-4 10.75-2 4 1. 26

Pond-Motodate |4.2-4, 8|1, 9-2.4
R-Higashine 2.7-3.5|1.5-2.3| 2.2 0.8

‘ ()

var. glabra | Ponds at Park | 3.1 4.5 1.7 0.6

Paddy-field 2.2-3.410.9-2.1 2 0.9
S. wvelle | P-Motodate 3.8 | 3.3 ] 4,3x3,3%
Synura | pyqdy-field  |2.6-3.8]0.9-2.8
echinulata .
Ponds in - . 9 ()t A .
forma swamp 2.5-3.5|1.8-2.5(2.0-3.6|0.4-1. 7 3. 8-7. 2% 0. 2-0. 3
& sspf’l";ifss: Ponds at Park |2.6-5.2|1.2-4. 5(2. 6-5.60. 9-2. 8|5, 7-11. 5% 0. 3
R-Higashine 3.3-6.612.1-3.3, 3.7 1.8
f. curtis pina) Ponds at Park |3 - 3. 4|2 - 2,5
Paddy-field 3-4.1(2.3-2.9
Synura Lake-Sakazuki |2.3-2,8]1,.7-2. 1 8x0.25

o]

sphagnicolaPonds in swamp| 2. 7-3,8{1.7-2,8|3 -3.6{1.6-1.9

Synura sp. | Paddy-field 2.6x 1. 7(spine : 0,66 in length, 0. 29z in thickness)

#..-Body scale of S. wwvella
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9. Ecology of Synura

(1) Distribution of Synura in this region

The results are shown in Table IV. Synura Petersenii and its var. glabra,
and S. spinose are commom in ponds in the plain land, S. sphagnicola common
in lakes and ponds in the mountainous region. S. echinulata is comparatively
rare, S. wvella very rare. In River Higashine and paddy-field, scalcs of many
species are found but living cell is rare.

Excepting that S. Petersenii occurs in ponds at Tsuruoka Park in the
period of high water temperature and alkaline water, the others are common in
acidwater of low water temperature (less than 20°C).

Table 1V. Distribution of Synura in Yamagata Prefecture

Ponds | paddy-fiela | Swampat Mt | Lake | Lake |Pond River
o | Ot | o
Goeies ; suruo Midahara ot hors akiju 2 | Higashi
Species syn. dark Ponds ke g Dsteda, | Higasht
S, Petersenit S. uvellas S.caroliniana (5] RR C * *
| & : )
var,.glabra S. glabra C RR R
5 S. wvellu
S. nvella S.reticulata; S.perrucosa *
S. echinulata S, conradii R
f.or var, R#¥} R
S.sphosa (f.spinosa) S.Biorctii; S. uvella G R * *
f.curtispina RR % | RR * . *
Skadowskiclla
o1 . sphagnicola ; 3 . o
S. Sphaguicola Suncrupta wolvox | * C RR* ¢ cC *
S, uvella
S, sp., * *

% Scale only
(2) Seasonal fluctuation of Synura in Ponds at Tsuruoka Park

Synura in concentrated living materials were counted as the number related
with the number of cell of such common species as Scenedesmus, Trachelomonas
etc., which are observed easily at low magnification under the light microscope
in fixed materials. And then in order to identify accurately Synura species, the
greater parts of the counted cell of Synura and Synura-like species were transferred
on the carbon film with the micro glass tube, and confirmed under the electron
microscope,

The results of his investigation during the period from August in 1961 to
September in 1962 are shown in Figures B, C, D, and Table V.

In three stations of Ponds at Tsuruoka Park, S. Petersenii occurs from May
to November, var. glabra from autumn to spring, and S. spinose from December
to March,

Total number of cell of Synura is the largest and the period of occurrence
the longest in Station 3, in which pond water shows acidity during the longest
period among three stations, on the contrary, the number is the fewest and the
period the shortest in Station 1 as is shown in Fig. C.

In Stations 2 and 3, peak of occurrence of var. glabra is found during the
period from November to December and in April, that of S. -spinose in Februaty
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Fig. B. Seasonal change of Temperature, Fig. C. pH of water,
and Fig, D. Seasonal fluctuation of Synure in Ponds at

Tsuruoka Park.
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Table V. Seasonal fluctuation of Synure in Ponds at Tsuruoka Park

7 X X1 i ’ I
Station — — —|- —

s -25 4 18 14 28 11 1 8 25
" Total Phyto-pl. | 1,494,000 148,980 2,710,640 630,260 1,267,640] 1,062,580 1,094,920 3,138,180
11 Synura 0 0 of 1,420 20,0000 185,400 82,800 74,800

LS/T % 0.22 1.6 16 ’ 7.5 2.4
| Total 3,205,500 — 5,049,740 2,690,020 940,000 2,008,620 — 1,270,880
92| Synura 0 0 0 302,000 338,520 179,000

s/T % 32.2 | 6.4 14.1
"} Total 2,198,860 2,202,500 910,220 992,400 2,148,040 2,983,060 2,155,400 1,484,900
3| Synura of 30,400 0 0 667,52 338,520 710,600 239,400

s/T % 135 3.2 11.3] 33.0 16.2

T I I v v
Station -

L 6 21 8 28 12 24 9 28
"1 Total 1,689,700 12,565,200 1,774,460 297,080 4,298,720 324,700  $33,220 3,077,660
1| Synura 29,700 0 0 800 0 0 0 0

/T % 1.76 0.3
" Total 1,449,610 405,880 506,020 449,600 799,720 704,360] 2,208,400 10,637,520
2| Synura 201,000 182,800 4,000 20,0000 287,400 246,600 i} 0

ST % 13.8 45,0 | 1.26 45| 36.0 350
" | rotal 5,608,120 887,100 1,427,080  404,360] 3,281,840 9,509,560019,427,780 4,581,640
3| Synura 594,820 196,400 214,200 40,000 2,456,000 554,600 800 0

S/T % 10.5 14,2 15.0 9.9 75.0 5.8 | 0.004

_ VI VI VI IX
Station

,,/ 12 25 9 23 6 21 10

Total 11,513,360 4,296,950 9,193,120 8,116,060 42,940,560 2,466,860 13,017,360
|| Synura 0 0 0 0 0 0 0

S/T %

Total 4,330,810 12,142,600 5,603,220 8,466,200 89,05,000 13,831,600 7,441,640
21 Synura 0 0 0 0 0 0 0

S/T %

Total 3,507,400 1,702,500 4,486,620 5,194,580 8,214,940 11,616,800 8,545,800
3! Synura 21,600 0 0 0 0 0 0

S/T 9% 0.6

(Figures indicate the number of cell per litre.)
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and April, but in Station 1, peak in April is only one day and the number of

cell is very small.

Comparing with the number of cell of Synure and total phytoplankton,
Synura takes first to forth order during a period from December to April and
0.6 to 752 in Station 3, takes low order and 0.3 to 16. 024 in Station 1, and
takes the intermediate value of them both in Station 2.

These facts seem to show that there is close relationships between fluctuation

of Synura and change of such environmental factors as pH and temperature of

water or increase and decrease of micro-phytoplankton as Microcystes,

V,A_plzanocapsa, Anabaena, diatoms, Scenedesmus and Chlamydomonas.
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It snowed on December 13th, in 1961, and Ponds were covered with ice of
a few centimetres and snow of 5 to 30 centimetres in depth untill February in
1962, during that period, Synura with deep coloured chlomatophora occurred in
abundance, together with Chlamydomonas, Uroglena and Mallomonas etc.

In ponds of swamp at Mt. Gassan, Synura sphagnicola occurs abundantly in
May (Wt, 12°C, pH 6.5) and in September (Wt. 13°C, pH 4. 6) but in August (W't.
25°C pH 7.0), it is scarcely found, while this species occurs comparatively
abundant in summer in Lake Sakazuki-ko and Lake Otori-ike (Wt. about 20°C)
(Taxanasuar 1959, 1960). This seems to show that the present species prefers lower
water temperature than 20°C,

General consideration

In 1926, Synura wvella has been divided into 4 species by Korsuixov based
on his investigation on its scale, after 20 years, taxonomy of Synure with the
light microscope was worked out by HuBer-Prsrarozzr (1946), and BoURRELLY
(1957) published results of his precise investigations on morphology, phylogeny.

PrrerseN who has called attention to the fact that the covering of Synura
cell is built up of scales in 1918, reexamined scales of Synura with the electron
microscope and confirmed 7 species of Synura, and he said that all species of the
genus which have been established without taking into account the structure of
the scale must be considered doubtful (1957, 1958). From the results of investigations
with the electron microscope by Harris and Braprry (1957, 1958), ManTon
(1954), and Forr and Lubvik (1957), Forr attained to a conclusion (1961) that
excepting the following species : Synura Petersenii, S. wvella, S. spinosa, S.
sphagnicala, S. echinulata and S. lapponica, other Synura species are doubtful,
But in 1963, Synura splendide Korsmikov which has been described by
Korsiikov, was examined under the electron microscpe by KRrISTIANSEN in
Denmark, and also by Pererer (1965) in Rumania. Recently BraprLey (1966)
published a new species under the name of Synura favus which closely related
to S. spinosa. On the other hand, the present writer has shown an electron
micrograph of Synura-like scale in previous paper (Taxawasur 1959, Pl IV
Fig. 33), and though he has carried on since then a reseach for the living
organism in numerous materials with the light and electron microscope, he could
not yet find or confirm it, so he shows here only the scale with complex
structure and shorter spine. These facts show that there are yet some minute
living organisms as Synwura involved in obscurity, and also it is needed to make
a further investigation with the light and electron microscope.

On the rod-like (tubular) scale

The present writer found the rod-like (tubular) scale (3.8-11. 5p%0.2-0,3) in
Synure echinulata forma., S. spinosa and S. sphagnicola of Uvellae group,
but this scale is absent in species of Petersenianae. In addition to difference of
constructed elements of seale between two groups, it presence or absence seems
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to be worth noticing as characteristic of each groups.
On the structure and support of spine

Spine seems to be constructed of two membranes as is shown in Figures 38,
42, 72 and 78, and teeth at apex of spine are also consisted of outer thin mem-
prane, as is shown in Figure 78. Few perforations at median part of spine of
Synura echinulate are clear already, however, high resolved power of electron
microscope reveals minute regularly arranged perforations placing at distance of
about 60 A in transversal rows as is shown in Plate XII, Figure 76 ; Harris &
Bravrry (1958) Figure 21. The membrane with perforations reminds the writer
of the outer sieve membrane of Melosira. On the other hand, it seems that the
spine of Synura spinosa is supported by ribs, which placed centripetally towards
the basc of spine as those of S. splendida (Krisriansen, 1963), and also the spine
of S. echinulate by membrane, covering the linear thickenings, and that of S.
spagnicola by membrane with linear openings.

But it is necessary to carry on the further examinations of the ultra thin
sectioned materials on above mentioned structure and function.

Disposition of scales

Scales of the armour of S. sphagnicola, S. spinosa, and S. echinulata (Harris
and Braniky 1958) are disposed to longitudinal direction of the cell, which differ-
ent from that of S. Petersenii. In this point the two groups of Synura are dist-
inguished clearly each other in addition to the structure of scales. Also it is
intresting that such longitudinal disposition of scales of uvellae group is similar
to that of Meallomonas akrokomos which divided as isolated species from many
Mallomonas species of 4 groups by Harris and Braprey (1960).

On Synura echinulate forma

The scale differs from S. echinulate in sculptural element, and from BouRRELLY’S
forma in size (BourreLnLy, 1957), and none of scales with linear thickenings of
type species have been found in ponds of swamp at Mt, Gassan throughout the
year, consequently the . present writer wishes to divide it into new forma of
Synura echinulata. y

On Synura Petersenii and its var, glabra, and S. sphagnicola

Synura Petersenii and var. glabra occur at different season in the ponds,
but the intcrmediate scales of both are found in abundance, the identification of
them was very difficult by reason of the gradual changing of scales. By comparing
with many electron micrographs of the writer’s and foreign materials, he recognizes
that scales of S. Petersenii and var. glabra show large variance in form (Plates
3,4, 5, and Fig. E-1, 2, 7) respetively. Korsuixov (1926) described that the cells
of Synura Petersenii kept in cold condition became more slender, due to the
decrease in the amount of leucosin. It is impossible that characters of S. Petersenii
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‘

and

more precise investigations on that point, the gradual change of scale of them
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Figure E.
Size of scales of Synura in various localities in Japan and foreign country
1.--Synura Petersenii 5.-Synura sphagnicola
2-..S. Petersenii var. glabra G---S. echinulata
3...S. spinosa f. spinosa (G---S. echnulata forma)
4-..S, spinosa f. curtispina 7---S. Petersenii (A) and var. glabra (B)

O—Q Takahashi’s results D---Ponds at Tsuruoka Park
G---Ponds in swamp at Mt. Gassan
M---Pond of Motodate
PF...Paddy-field
RH..--River Higashine
S---Lake Sakazuki-ko

XX Foreign localities B---France (BOURRELLY)
B(S). Sweden (BOURRELLY)
F--.CSSR (Fort & Lupvik)
K---Soviet Union (KORMmMKOV)
P...Denmark (PETERSEN & HANSEN)

its var. glabre are independant of the environment. Though it is needed

may be considered as the phenomena of cyclomorphosis.

Scales of Synura sphagnicola in various localities, namely many ponds of
swamp at Mt. Gassan, Lake Sakazuki-ko and Lake Otori-ike, show a large variety
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as is shown in Plates X, XI. Scales in lakes of Otori-ike and Sakazuki-ko, closely
resemble the scale of type which is illustrated by Forr or Perersen, but other
scales show various forms (Pls. X, XI, Figs, 66, 67, 68, 72. Table ) in small
and shallow ponds in swamp which undergo immediatly influences of change of
such various environmental factors as air temperature, rain fall, wind, radiant
heat. It seems that such effect is produced from physiological reaction of cell
against the changeable pond conditions.

The present writer figures here on size of scale of Synura in this region and
foreign localities (Figure E), and he recognizes that scale of Synura closely
resemble one another in size, excepting that scale of S. spinose in ponds at
Tsuruoka Park is wider in breadth than others, and scales of S. echinulata of
Soviet Union (Korsmikov) and Sweden (Bourrenny) are different from others as
is shown in Figure E-3, 6. This fact shows clearly that the wide-spread species
possess ncarly identical specific characteristics in each species throughout the
country.

Ecology of Synura

From the present. writer’s and foreign worker’s results that S. Pefersenii is
very common in acid and alkaline water and in eutrophic ponds, and S. sphagnicola
in ponds or sphagnum bhogs with scid water ; it is clear that S. Petersenii possesses
the great tolerance to acid and alkaline as is pointed out by BourrerLry (1957) and
also to high and low temperature of water, and S. sphagnicola is special acidophile,
and both species are the commonest species throughout the country. It seems
that the two species to be found the most commonly in Japan as well as in this
region. On the other hand Synura spinosa is described as rare or very rare species
excepting that it is common in acid water in France (Bourrernry 1977). This
species also seems to prefer acid water and low temperature in eu- and mesotrophic
ponds. Synura echinurata forma which cohabited with S. sphagnicola in some
ponds of swamp at Mt. Gassan, is comparatively rare, and also form of scale of
which type, illustrated by Perrrsen (1956) and Forr (1957) and this forma, is
different from that of scale of Korsikov’s figure as is pointed out by BOURRELLY
(1937). Synura wvella, which is common in fresh- and brackish-water (CoNRAD,
1926) in Europe, in Malaya (Prowse 1962) and South Viet-Nam (BoUrRrReLLy 1957)
in the tropics, and in Hokkaido (Hapa 1959) and at Marugame (Mizuxo 1961) in
Japan, is very rare in this region. On these species, it is required to investigate
many materials in various localities.

Up to date, distribution of Syuura is well documented in the Northern
Hemisphere from Soviet Union to the tropics (Table VI), but ecological investiga-
tion of Synura, which tend to favour cold climate in general, is scarcely ever
carried out. It is very interesting to know results on this points on Syrura in
various localities, especialy in the tropics and the polar region.

211



112

Table VI. Distribution of Synura

‘\\\Locality Japan Den- (Czecho-{Eng- |Scot- {Ice- Rum_- France | Malaya SN\;ﬁt
— \\ P | mark|soviia land) land| land| anial ) | o ()
S. Petersenii @ ® ] i (] [ ] () ® 1 (]
var, glabra | @ @ e ‘ ® @
S. wvella ) ® @ @ ® ‘ ® @ ] o
S. echinulata @ ® & (] ® @ ® @
forma or var. | @ | i
S 19 @@ o o o @ @ o
f. curtispina | @ ® ® |
S. sphagnicala| @ @ @ @ ® ® ®
S. sp. ®
S. splendida ® ® o
S. favus ®
S. lapponica ®
Species number| 9 9 i 7 ‘ 5 J 6 { 3 ’ 7 ‘ 7 ‘ (1) } (2)

(1)~(3)-+-Light microscopical investigation only.
(1), (3)---BOURRELLY’s results

It is attempted to make the typological classification of ponds and rivers,
many plankton species are chosen as indicator, Synura wuvella is selected as
indicater species of S-mesosaprobic to oligosaprobic or eutrophic to disharmonious
waters (Tsupa 1964, Mizuxo 1961), The present writer can not mention on this
species, because this is scarecely found in this region, but it seems to appropriate
to choose Synura Petersenii as indicator of eu- to mesotrophic water, and S.
sphagnicola as that of oligotrophic water.

The present writer has noticed on the importance of microplankton as a
producer in the community in ponds and lakes (Taxamasni 1959), but by reason
that he confound the number of cell with that of scale, the value in previous
paper (1959) is shown higher than the true value, on this point he is to give
nearly true value in near future. As a producer, the present writer must notice
Synura species, namely such as S. Petersenii var. glabra and S. spinosa in ponds
of Park, S. sphagnicola in Lake Otori-ike, Lake Sakazuki and in ponds of swamp
at Mt. Gassan, and S. wvelle in lakes and ponds in Hokkaido (Hapa 1959),
are very important in eutrophic ponds in cold season or lakes of oligotrophic
type or ponds of swamp where plankton community is simple and the number of
cell of phytoplankton as photosynthetic plant is rather small.

Summary

Synura species found in various localties in Yamagata Prefecture are S.
Petersenii and its var. glabra, S. wvella, S. spinosa f. spinosa and f. cutispina,
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S. echinulala and its famra, S. sphagnicola. The results of investigations on
morphology and ecology (distribution and seasonal fluctuation in Ponds at Park)
were described in this paper.

1. On colony, cell, flagella, lorica and scale of Synura, and rod-like (tubular)
scales of S. echinulata, S. spinosa and S, sphagnicola, and scales of S. echinulata
forma or varietas, electron microscopical structures are shown.

2. In this region, S. Petersenii and its var. glabra and S. sphagnicola are the
commonest, S. echinulata comparatively rare, S. wvella very rare.

3. Excepting that S. Petersenii occurs in summer in the Ponds at Park other
species prefer water of low temperature and acid.

4. Scales with papillae in place of linear thickenings of S. echinulata seems
to be appropriate to divide into new forma or varietas of S. echinulata.

5. Various scales of S. sphagnicola seem to be produced from physiological
reaction of cell against changeable pond conditions,

6. Size of scale of Synura in this region and foreign localities (Fig, E) closely
resemble one another.

7. In Ponds at Tsuruoka Park, Synura occupied 0.3 to 7525 of the number
of total phytoplankton in cold seasen. Peak of occurrence of Synura are found in
a period from November to December and in a piriod from March to April.
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1 =

Mallomonas, Synura [F3 X CfWOIRKIET 5 v 7 b v OTBFRABEEIC X 51158 (VD)
LR O KRB D Synura [&DORGIENEN, ZETE4HITATE

w O sk A
(LT R R AR

BRI ARYE, KHEE 2O A IEEREEE R, THEMHIORE, KEb, #EER
W, HEOT T v s b vE UTERE SN D Synura [§ 0 R O T8 BEH RS 2 e
UCHere. E72, Synura BOARENY, R ANBSLVWOT, HBRTARNMD 3 9480,
196146 A HE4 9 A ETo 1L 2FEMEH 2 BEREL, FHNE2ME LR 2H
&T5.

i AWBE» D U EE0.60 L2 ARCERK L, 1 ARRELICEEL, 20cc dbWik
10cciziRffaL, RO FET, 77 v 7 b vEBMOHEEZ TRk, tho 1 R340 F <
FrbIR b, 3,000rpm TRILL, 1~2ccCIMEL, HBICHSTMEE ML,
Scenedesmus 75. &, = OWFEICHIRIEN S L, BEERH»OBSITEL, $Hcx 5
Tl & oigskc, Synura ZFHECUIC. FHEIVe Synura F7:0% Synura 5 LU \WEED
MEDO KD, LD 2 v PF v ERRIE I — RV ERIEOTRATA F 7T AH 5N
BAY 2B ah, BFHEBETC, MoREMMTbh. st Ron Lk
PHHNENZ L 2B LT, AR IORHE LARABOLEZRRAY v=2icBL, WBRL
LW 2 FEMCE T HRMScBIE L.

1) =ze=—LRORRERCES, FBOLWEE %273 Petersenianae X 3|0

214



115

5 Uvellae DZOOROHINIESH TH L%, FMOFRBERARETH D% HEBILA
m 9 -C C O S, Petersenii T bivie (Plate. I).

(@) )y &L, S. Petersenii, L var. glabra, S. uvella, S. echinulata, % O
forma, S. spinosa f. spinosa, . curtispina, S. sphagnicola DERBTER U, 476
ORI OB OffEE Plates R sihva. FIVIFELS, Mlaosing (g0

I04) OB RSN T, BRI ohT, Hh &, BdLELL Y
{.
@) S, echinulate OEFVE, FITEAC KRGS 2R, HIEROWRED S 0,
FOfb VICEED 1 Retih (Plate. VI fig. 42) LK HIT 5 &N TES. &
OB G S hTnwisv. S, echinulata @ forma &5 \WIEEREE LTI s
B, '

(4) S. spinosa, S. echinulata forma, S. sphagnicola ® 3 1EVE, LD, WO
AT L WHRIR I 2 o £ & 3Z U Thir ol (Figs. 45, 47, 58—61, 70). £
PRI L LA, B B 3B BA I OT H . ZolER v Y ik b Fig
STISRNILD. C DY, RO 3AEIEWEOMA LSS L, (Fig. 61) ol
Lieh, 2w =—-OEMAOEREEEL THRERLLTVWEX SR X5,

(65) S. sphagnicola DEEF VY, RIREDOEILE, &M, KE#oHMnTc, Pls. X, X
RRENL X 5%, WELOBRTEATWS L &hbbhok. Chud, &bl (BE) K
B oD AL FUTHDY, REWHOREES>CLNRTES. Lal, Ev,
AT ERZ L WALREOMWMB DO S DICERBE N L1E, MEBFT—HOREREEZ
ft (Wt. 0.8—28°C pH. 4.4—7.3) PEBECHEL L2 5RO L Swwlbh b,

6) HANIBOERICTINS., FHOBERENLANEC S. Petersenii, var. glabra
& S. spriosa IR I B, S. sphagnicola Vi, [LMLORREEOBEEW, BE OB
e o7z, S, Petersenii & S. sphagnicola V¥, WFRINTIALHHFELTCHLETH
5. S. echinulata VX ENTH 59540 forma 1k, HEMWCHLEEBETH S, ELEMICSH
HLCuwbEEbRS S, wella FIEFITENT, TGHERORE D SRR % Ho
Leisircdhorz. SETYE, S. echinulata, S. wella 3BT HHLNEHDTHD, &
BN OERENS LI TH S, BARTIE, §FECS. wella BEFHINTWHRZTTH
B SHIN (1964) BIGHT B X 5, B OBISIc X0, YHHEBNETCO
iy, KSHIHL TV EDDEEZ BILS,

() AWIETO Synure OZEEINFHERE, BRREREKCR B~Dic R S 5. S.
spinosa {3 ZIICIR>THBL L, S. Petersenii 1356 & 4B 578 S. Petersenii %
B, var. glabra v, ZHICIRSN, L ORMORIICIE, $ICw TR s HfE s i
OO 210 DD L, B OMERIZELARD s, Korsaov (1929) o5
B O il X 5 X Hic Petersenii VIERI, var. glabra W& E LT, FHiNER
EEXTCHE WL 5 CHB. B)D S. sphagnicola DZERL L iz, REEROZELE D
B> i, Shofitkd 5METH 5.

8) S.spinosa Yy ENLE E UCHE ST W 503, SEIO#HR T LIS
Lot A, £Wh LEEOECIRHICHIT 23O Th D, RERIC L > CHE
DI, ROBHRE, Bl kfERiTihokbDe#zbhb,
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9) 5fufEr LC, S. wvella HERY LT SN TW 5. YHEOFER» BIX, S. wvella
TOVWTCERTEEWD, JHKTOMEDIEHIC LT, S. Petersenii WXEFIEMIBD,
F LT S. sphagnicola VIRANEHOEEMEE L CERNWTCIWETSHA S,

10 AR¥RD 3H#ico S. Petersenii ODHBLOINIIIAXR»BI2AE, 3AM»D4 Ak
B S. spinosa VE2HES c AREHL. oI LENT I v D 16.0% (St
1), 32,29 (St. 2), 33.0% (St. 3) #hw, 2—3 Aiciy, HBEMMO®EW St. 1 ©
NI ot St 2, 3°TIE459% (St 2), 75.0% (St. 3) % &wi. 4 AI12A®
IS Z DY, S. spinosa & S. Petersenii O _DD|\UMBEL D HFokl ity b. H
B, BB =o0¥ciab St 3ERIELKD ISV, St 1EENTH
72.St. 3 1, JKREANERIIC X 20T haduE, RIB OSSR & T RFKELE R TO T
St. 2-St. 1 ifthva., Z7, St 1 WEEe Yo % 7 423 Bk 0I8%ITIET 5D
1w, St.3 i<, St 3 KR —H/EA TR Y, BETHIHWIRIEN. o
z &k, Synura OHAHEINFEEAERBIRCH O LD, Synura W —RRHNTITERE
BTHHEESCENTEL. L UTAMICHBE D S\ S, spinosa & var. glabra 1%
Fiz, BARRIFOHETHHLEF I LNTES.

1) SeicAiEE & LC Synura 2RO CHWNT 7 v 7 b vOBREWZIERL - G5fE,
1959). RICZEF VMRS (AAE) LA B E ZEFI LA DD, HEOE X D EWER
RLTLEDR. RIICE VT, ERREE2EE LcwE 8BS, SynuraicownTi, %
CRT X S IILABHFSEECOM, HEMESIMLRNOARIET, &7 7 vy
by DA BTE% S DENER G 5. FLTER, SLMOXERM, Wil oRY:E
W, BRI OB O RS TRERO DIV T Z v 7 b vEEOHR T, EuvHIBEK
BRTHDTH Y, EFEEE LT Synura SEHELDIOD—D2CHEHEFH L ENTE D,

Explanation of plates
Plate. I Flagella of Synura

Fig. 1. Flagella of S. Petersenii, arrow indicates terminal filament of shorter flagellum
(acronematic one). X2,000 (Ponds at Park, June 9, ’61)
Fig. 2. Shorter acronenatic flagella. %10, 000
Fig. 3, Colony of S. Petersenii with serrated border. x1,000 (Ponds at Park, Nov.
14, ’61)
Fig. 4. Mastigonemes and acronematic flagella., x20, 000
Plate, II Cell and Lorica
Fig. 5. Encysted cell of S. spinosa, a indicates rod-like scale. X2, 000 (Ponds at Park
Feb. 6, '62)
Fig. 6, S. spinosa x1,5000
Fig. 7. Spine of S. spinosa, x10,000
Fig. 8, A part of lorica of S. sphagnicola (arrow indicates direction of the longi-
tudinal axis of cell). X8,000 (Lake Sakazuki-ko, Aug. '59)
Plate. III S. Petersenii
Figs. 9 to 17, Scales at anterior to posterior portions of one cell x10,000 (Ponds at
Park, Sept. 25, ’61)
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18. The most typical scales of apical and stalk of Petersenii x10,000 (Paddy
field, Sept. 26, '62)

19. Outer side of scale x15,000

20, Inner side of scale of Petersenii x10,000

21, Inner side of scale of var. glabra x10,000

IV (All figers x10,000)

22, Apical (A) and body scales of S. Petersenii

23, Scales of var. glabra with ribs at wider distance than Fig. 22 a. (Ponds
at Park St. 2. Apr. 12, ’61)

24, Scales of S. Petersenii (Long shadow indicates that the thorn projects at
right above the scale).

26. Scales at median part of var. glabra (Ponds at Park st. 1. March 22, ’55)

27. 28, Stalk scales of var. glabra (Ponds at Park st. 2, Janu. 5, ’62)

V. Various form of scales of S. Pefersenii and its var. glabra (All figers X

10, 000)Fig. 29, S. Petersenii

Fig.
Fig.
Fig.
Fig.

Plate.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Plate.

Fig.

Fig.

Fig.
Fig.

Fig.

Plate.

Fig.
Fig.
Fig.
Fig.
Fig. !

30. Scale with interconnected rib. (Motodate August.)

31—33, Smaller scales (R-Higashine, Apr. 8, '64)

34, Abnormally shaped scales (Ponds at Park June 9, '61)

35. Abnormally develloped scales and ordinary scales of var. glabra (Pond at
Park April 12, ’62)

V1 Synura wvella and Synura echinulata

36, Apical scale of S. wvella x10,000 (Motodate)

37. Basal scale of S. wvella x10,000 (Motodate)

38, Apical scale with well developed linear thickenings x20,000 (Paddy field)

39. Replica of S. echinulata of outerside of scale x20, 000 .

40, Replica of inner side of scale of S. echinulata %10, 000

41, Stalk scale of S. echinulata x10,000 (Paddy field)

VIL. Synura echinulata forma and lorica of S. spinosa

42, Apical scale with papillae at front plane of S. echinulate forma x20,000
(Pond St. 6 in Swamp, July 16, '64)

43, —45, Slipper and spathulate scales of S. echinulata forma x10,000 (43, 44...
Pond St. 3 in swamp, 45--- st. 6)

46, Rod-like (tubular) scale %x10,000 (Pond St. B in swamp, Oct. 11, '64)

47, Apical and rod-like (tubular) scales x10,000 (Pond St. B in swamp, Sep.
13, '64)

48. A part of lorica of S. spinosa x3,000 (Ponds at Park St. 3, March 18, '62)

VIIL. S. spinosa f. spinosa in Ponds at Park (All figures x10,000)

49, Apical scale with well developed hexagonal mesh pattern

0, Replica of outer side of scale

. Replica of inner side of scale

(S22 B ) |
[

N~

Median scale with shorter spine
Triangular stalk scales (distance of transversal lines at back ground is
1/960 mm)

o
w
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Fig.

Fig.
Fig.
Fig.
Plate.

Fig,
Fig.

Fig.
Fig.
Fig.
Fig.
Plate.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Plate.
Fig.

Fig.
Fig.
Fig.

Fig.
Plate.
Fig.
Fig.

54, Replica of outer side of stalk scale (arrow indicates a pore of upturned
edge)

55, Replica of inner side of stalk scale

56—57, Stalk scales

58, Rod-like (tubular) scale of S. spinosa )

IX. S. spinosa f. spinose in Ponds at Park and f. curtispine in Paddy field (All
figures x10, 000)

59, Replica of rod-like (tubular) scale

60, Scattered rod-like (tubular) scale, it shows that this scale consists of one
silica membrane

61, Stalk and rod-like (tubular) scales which connected with each other,

62, Apical scale which a front plane prolongs

63, 64, Spheric and minute scales

65. Apical scales of f. curtispina (Paddy field, Aug. 2, ’54)

X S. sphagnicola

66. Oval scales with well developed upturned edge x10, 000(Pond St. § in swamp)

67. Long ovale scales, a --- a part of linear opening on front plane, b - five
teeth at apex of spine Xx20,000 (Pond St. 9.5 in swamp)

68. Narrow median scale with abruptly cutted apex of spine x10,000 (Pond
St. 3 in swamp)

69, Oval and triungular stalk scales x 10,000 (Lake Sakazuki)

70, Elliptical and rod-like (tubular) scales (a) x10,000 (Lake Sakazuki)

71, Rear scale (Pond St. 1 in swamp)

X1 Synura sphagnicola

72, Oval, unevenly perforated scales with slender upturned edge x20, 000 (Pond
St. 2 in swamp)

73. Stalk scale x10,000 (Pond St. 2 in swamp)

74, Narrow scale x10,000 (Pond St. 4 in swamp)

75. The widest scale into which two scales united. x10,000 (Pond St. 4 in
swamp)

76, Replica of outer side of part of lorica x10,000 (Lake Sakazuki)

XII

77. Scale of Synura sp. (Paddy field) x50, 000

78. Spine of Synura echinulata forma
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