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Article spécial n° 2

Environmental numerologies*

Edward D. GOLDBERG**

Data about our surroundings satisfy a number
of needs. First, they extend our knowledge
about the make-up and reactions occurring in
the oceans, airs and lands. Secondly, they serve
to identify resources of use to society. They
can assist in protecting the environment from
the deliberate or unintentional assaults by civili-
It is to this end that I address these
comments, for environmental numbers can affect
our health, food and energy resources, and the
integrity of communities of other living organ-

zation.

isms.

Information about the environment can be
used for regulation and for litigation. In both
cases it must be resistant to challenge. It must
be of a high quality suitable for the user. Clearly,
this does not mean that the data must be of
the highest precision or of the highest accuracy
consistent with modern day methodologies. Yet,
at the present time one of the international
scientific scandals involves the production and
management of data, some of which might be
of use for societal problems. Environmental
measurements are entered into computer banks
such as the U. S. EPA’s STORET or the
National Oceanographic Centers in Moscow and
Washington, C. C. without any quality control,
i. e., good and bad data are combined. The
reliable data contaminate the unreliable data and,
as a consequence, any combination falls into the
category of the latter. Thus, the retriever finds
the data useless other than for historic or biblio-
graphic purposes.

I argue that it is incumbent for the marine
scientific community to formulate procedures to
insure the quality of data generated for environ-
mental management purposes. So far the regu-

* Received November 19, 1984
** Scripps Institution of Oceanography, La Jolla,
California 92093

latory agencies have usually been lax in this
regard. The validation of the data encompasses
the entire measurement program from the col-
lection of the data to the presentation of the
results with appropriate indications of precision
and accuracy.

The protocols for data assesment have been
developed by parts of industry, academia and
governments. There are textbooks and journals
dedicated to quality control and quality assurance
methodologies.

The problems under study must be explicitly
stated before a rational experimental plan can
be evaluated. A sampling plan must address
the goals of the investigation and be statistically
valid. The measurement process is validated
when its performance characteristics match or
exceed data requirements. Primary standards
are necessary to establish the worth of an ana-
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lytical scheme. Interlaboratory comparison exer-
cises can strengthen confidence in the results.

There is a cost to the procurement of environ-
Clearly there should be a
complementary cost to the assesment of its
worth. This latter step is a vital part of any
program involved with managing the ocean’s
resources. Too long now has the marine science
research community overlooked the need for the
assessment of data gathered for the decision
making process. As a consequence, regulatory
agencies in their inhouse and contractual work
have not maintained data validation processes
that are consistent with present day needs. We
have data banks with useless information. We
have laboratories of regulatory agencies pro-
ducing irrelevant data. What are the possible
tactics for altering this situation ?

mental information.

First of all, any organization that is gathering
environmental information for management pur-
pose should put aside a small percentage of the
funding for the purposes of data validation.
Clearly, a single estimate will not satisfy all
situations. For continuing projects, the per-
centage may clearly be less than for those at
the early stage of initiation. I suspect that
something like one to five percent of a budget
might be applied to data assessment.

Secondly, a corps of scientists should be in-
volved on a fulltime basis in the data validation

process. This group should be drawn from the
population of investigators familiar with the
environmental data being gathered and with its
uses, i.e., they should have extensive field and
laboratory experience as well as peer recognition.
The protocols for data validation can be objec-
tively formulated, yet there are occasions when
subjective judgments will be needed. Thus, a
substantial portion of the analysts might come
from the more mature population of environ-
mental scientists.

Finally, who should carry out the validation
process ? The group that generates the data
or those investigators that manage the data
banks ? I suspect the former, inasmuch as they
have an initial vested interest in the data that
they have produced. But further, they often
have needs to utilize comparable numbers from
other institutions. Therefore, they require that
all of the data that they retrieve from a data
bank be of high quality. A reasonable price to
pay for this is to establish their own quality
control system.

1 submit that these steps to produce environ-
mental data of high quality can be of great use
not only to those responsible for the manage-
ment of environmental resources but also to
those practicing scientists whose studies are
purely of an academic nature.
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An internal solitary wave of large amplitude*

Motoyasu MIYATA**

Abstract: A theory of a finite-amplitude internal solitary wave in a two-fluid system is
presented. Both the profile and the dispersion relation of the wave are different from those
of the KdV or the Benjamin-Ono theory. Particular attention is paid to the fact that the
present theory is valid for amplitude larger than the KdV soliton and the former is a generali-

zation of the latter in a two-fluid system.

1. Introduction

Finite amplitude effects on internal waves have
been studied by numerous investigators. Among
other theoretical works, BENNY (1966) showed
that the shallow water motions in two layers
are governed by the Korteweg-de Vries equation.
This theory was extended to include higher
order non-linear effects by KOOP and BUTLER
(1981). In addition to the shallow water theories,
non-linear internal wave motion in fluids of in-
finite extent was analyzed by BENJAMIN (1967)
and ONO (1975). These shallow-water and
deep-water problems have solitary wave solutions
(The formulae are given in the Appendix).
JoePH (1977) and KUBOTA et al. (1978) pre-
sented the finite-depth theory which connects
these two problems.

All of the above theories are based on the
expansion parameter 0=A/h; where A is the
wave amplitude and A; is the smaller of the
two fluid depths, and therefore their results are
restricted to the case when J is small compared
with unity. However, some numerical calcu-
lations (PULLIN and GRIMSHAW, 2983, FUNA-
KOSHI and OIKAWA, 1984) as well as oceano-
graphic observations (e.g. SANDSTROM and
ELLIOTT, 1984) suggest the existence of large-
amplitude (0>1) solitary waves. The main
object of the present paper is to derive an analy-
tical solution of a steady large-amplitude solitary
wave in a two-fluid system.

2. Governing equations
Consider steady irrotational incompressible

* Received December 5, 1984
** Geophysical Institute, University of Tokyo

two-dimensional flow in a two-layer system
bounded above and below by rigid horizontal
walls. Both lower and upper fluids are homo-
geneous with densities p1 and ps and the depths
ki and hs (which is assumed to be greater than
h1), respectively (Fig. 1). The coordinate origin
is at a point on the undisturbed boundary be-
tween the two layers with z in the direction of
flow. The gravitational acceleration ¢ acts in
the z-direction. The wave train set-up is station-
ary in the (z, 2) plane, with fluid velocity
components (1, v1) in the lower layer and (us,
v2) in the upper layer.

Now, in any steady two-dimensional flow, the
volume flow rate per unit span in the absence
of friction has the same value at every cross-
section of the flow. That is, if we define

7
Q=|" wds, (1)
—h1
z
/.
£, hy
P
X
A h
S
/.
Fig. 1. The two-layer fluid system under
consideration.
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Qz=§jzuzdz, (2

then each of Qi and Q: should be constant.
Also, Bernouilli’s equations for the two layers
with datum taken at z=0 are:

R1:p1+plgz+%—(u12+v12) , (3)

Re=ps+ 0202+ g—2(u22+v22) , (4D

where p; and p, are pressure and R; and R,
are constant. In addition, the flow force (or
the momentum flow rate per unit span, corrected
for changes in horizontal pressure force) must
be conserved. Therefore, if we write

S:‘j‘77 A (PI +p1u12)dz
—n
h2
+S (potom)dz, (5)
7

then S is also constant.
Substituting (3) and (4) into (5) and integrating,
we obtain

S—Ru(p+hi) +R2(77—712)+%plg(772——h12)

+i1029(h22_7?2) S Sﬁ (u®—vi?)dz
2 N

h
+{;j2w;~vfy&. (6)

Since in each layer a complex potential ws; exists,
we have

wilm)=¢;+i¢;, m=x+iz, (j=lor2), (7)

where ¢; and ¢; are velocity potential and
stream function, so that

dw;_ 065 | .09y _ 095 09
dm Oz = Ox 0z oz
=u;—ivy, (8)
w; should be an analytic function which satisfies
the boundary condition,

vi(, ~—hi)=wva(x, he)=0. 9

Such a function can be given by

dwj
dm

=e'“P u; (x, h), (h=—hy or he), (10)

where D is an operator,

eiwzl-}-i(z-—k)i +

Lo 0@
2z Tarte— s

1. a4?
+ azs(z—-h)g:izg' e . Ay

Equation (1) can be expressed as

+h)?
% (1___371__ ;Zx—z)ul(x, —hi). 2)

It should be noted that in deriving Eq. (12)
the fifth and succeeding terms in Eg. (11)
were neglected. This means that the following
assumption was made

(Az’“ )<<1 13)

where L is the horizontal scale of the wave
and A is the amplitude. Within the same
approximation, Eq. (12) can be changed to:

iz, —hl):<l+ (p+h)? d? > (on (14)

31 d2® Jp+hs

In the same way, if

— 4
< b4 ) <1 (15)

L

is assumed, we can obtain, approximately,

i 2 2
m@ﬁﬁ:0+@3ﬁ zﬁ)Qz (16)

Using Eq’s (10), (14) and (16), the right-hand
side of Eg. (6) can be integrated. The result is:

S—Ri(n+h1)+ Re(p—ha)

+%plg( h12)+—ng(kz —1%)

_o QF [1_l<ﬂ>]
2 pth 3\dzx

o2 Qdf 1/4dy
T3 h2—77[1 3<dx” an
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3. Solitary wave solution
Assuming waves of solitary type, we have at
infinity a uniform flow with constant velocity c.

Q1=Ch1, Q2=Ch2, (18)
Ri=2Lp

1——2‘0 +P2gh2, (19)
Ro=L2p

2—70 +P2gh2, (20)

S—_— <P1}L1 +p2h2)c2
+ %(plhﬂ +0ohe?) + paghihe. (1)

From Eq.’s (17), (18), (19), (20) and (21), we
obtain

2

dn\2
“63— [(01h1% — 02ha?))— hiho(01hi + p2hs)] <Z.Z‘->

+(p1— 02)g* + (01— 02)[g(h1 — h2) — c*]n®
+ [(o1h2+ p2h1)c?— (01— 02)ghihe 7?2 =0,

which can be written in a simpler form by
putting

p=ml, x=mé, A=ha,
he/hi=1, 02/p1=s,

o 91— p2)hihs

— F2=c2/c,? .
e O1he+pshi ¢/e
That is,
M [ di\? _
5 <?"§> +K=0, (22)
where
vy 2Fr¥(1+7s)
M= s
r=Fe -1+ T e
K= r-+s
r2s—1 ¢
r(l+7rs)

Eq. (22) can be interpreted as the motion of a
particle with mass M and zero total energy in
a field whose potential is given by K. The

o §

/

Fig. 2. The potential K as a function of .
(The scales are arbitrary.)

curve for K is shown in Fig. 2. It is seen that
solitary waves are possible when K is negative

through =0 and p=a. For this, the leading
term of K must be negative:

F>1.

Since a represents the amplitude of a solitary
wave, K=0 at {=a should provide -the dis-
persion relation (Note that « is also related to
horizontal scale as will be shown in Fig. 4):

r(l—F2)+|:r—l+ il—_—leZ}a—aZ:O,
. r+s

or

<l+a)(1—%)
2 __ .
F _~—-—-———l_ T . (23)

r+s

a

From Eq. (22) we can also determine the upper
limit for the wave height:
1 r(1—s)
< — 2
a< Z[T 1+ 5= F] 24
Note that if the difference of the densities of
the two layers is small (s~1),

aé%(r—l).

Figure 3 shows the dispersion relation for various
parameters. For comparison, the dispersion
curves of the KdV and BENJAMIN-ONO solitary
waves are also shown.’

The shape of the wave is known from Eq.
(22) which can be rewritten as:
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The dispersion curves for several parameters of 7 and a, with s=0.98.

The corresponding curves for the KdV (broken line) and BENJAMIN-ONO
(dotted line) theories are based on Eq.’s (A2) and (A4).

2 e v14+B "
\/ we= chc+DC ciDl*
Wiezrac
V(14 BO(C+DL—-0%
+§ < _E4E
CVITB(CTDL—)
where
r2s—1
=)’ C=r(1-F%,
o r(l—s)
D=r l+_r+s F2,

and E, and E; are elliptic integrals of the first
and third kind (See, e.g. ABRAMOWITZ and
STEGUN, 1965). Some examples of the wave
form are shown in Fig. 4.

4. Discussions and concluding remarks

In the two-layer model of real ocean, s is
usually close to unity and in that case, both the
wave form and the dispersion relation depend
little on s. Thus all the calculations for Figs.
3 and 4 were done for a fixed value of s=0.98.
It is to be noted that the variation of F? is
nearly quadratic in a (Ev. 23). Fig. 3 shows
that the dispersion curve of the obtained solitary
wave is substantially different from either that
of the KdV or BENJAMIN-ONO soliton except

for small a. It should be noted that the upper
limit exists for a due to the inequality (24), but
this is a necessary condition for the greatest
wave height and whether or not it is also suf-
ficient remains to be studied.

The wave profile of the present result is also
quite different from the existing two theories
(Fig. 4). However, the discrepancy between
the obtained and the KdV solitary wave forms
becomes smaller for the smaller amplitude. This
can be also known from Egq. (22). That is, if
|£]<1 is assumed, K in Eq. (22) is approximated
by a cubic equation of {, which is an integral
form of the KdV equation (BENJAMIN and
LIGHTHILL 1954, FENTON 1972). In this sense
the obtained wave is a generalized form of the
KdV soliton for large amplitude.

For Qi, Qs, Ri, R; and S, it is possible to
choose values other than those given by (18),
(19), (20), and (21). Then, in general, a linear
term and a constant will be added to the nume-
rator of K, so that the solution of Eq. (22) will
be a periodic wave of large amplitude which is
a generalization of the cnoidal wave (see e.g.
BENJAMIN and LIGHTHILL 1954).

The two-layer model presented here may be
too much simplified to be directly applied to the
real ocean where stratification plays an important
role. However, some laboratory experiments
suggest that such large amplitude waves can be
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r=10, a=1.0

0 10 15 20 &
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Fig. 4. Profiles of the solitary wave for various parameters of a and », with
$=0.98. The KdV (dotted line) and BENJAMIM-ONO (broken line) soliton
forms calculated by Eq,’s (Al) and (A3) are also plotted.

Fig. 5. DPossible formation of large amplitude
waves. (d), (e) and (f) shows a time sequence
of the waves advancing to the left (After
MANABE, 1984).

in fact generated. For instance, MAXWORTHY
(1980) reported that large amplitude solitary
waves were formed after gravitational collapse
and mixing of stratified fluids. Manabe’s (1984)
experiment, although her main interest was on
the behaviour of intruding density front using
two miscible fluids, clearly shows a series of
large bumps each of which resembles in shape
the solitary wave discussed above (Fig. 5).

Fig. 6. DPossible formation of large amplitude
waves. The waves in (a) and (b) are produced
in different depth ratios and they are advancing
to the right (After WOOD and SIMPSON, 1984).

Similar feature is also seen in WoOOD and
Simpson’s (1984) experiment (Fig. 6). The front
half of a bump from Manabe’s experiment is
drawn in Fig. 7 to be compared with theory.
Agreement is fairly good.

In summary, a non-linear integral equation
has been derived to describe a steady motion in
a two-layer fluid system. This equation was
expanded to an approximation to provide the
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AN

Fig. 7. Comparison of the theory (dotted line)
with Manabe’s experimental data (solid line 1).
Corresponding KdV (solid line 2) and BENJA-
MIN-ONO (solid line 3) theoretical curves are
also shown.

analytic solution of a solitary wave of large
amplitude, which is different from either KdV
or BENJAMIN-ONO soliton. The dispersion
relation, with a necessary condition for the

grestest wave amplitude, was also obtained.

The author wishes to thank Ms. T. MANABE,
Drs. K. KAJIURA, A. MASUDA, M. YOSHIZAKI
and K. IsHII for helpful discussions and com-
ments. Drawing and typing were done by Ms.
T. OsADA.
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Appendix
The KdV equation for the two layer fluid
system has the solitary wave solution of the form

= Asech? x;d , (AD)
with
P Y L (A2)
3 c1
where

5 9o2—02)hihe

o= ‘01}12+‘02hl
3eo(7?—s)
C1— TN
2hir(r+s)
_ cohi?r(rs+1)
T 6+
Oz _ he
s o and r= ™

The BENJAMIN-ONO equation gives the solitary
wave profile of the Lorentzian type for internal
wave motion of infinite extent. (he—o0, A1 =nh)

A2 )
S i — (A3
7 (x—ct)2+42° )
with
3 A 4 M

— 2 == A4
CACQ\/1+4 h’l T”A’ \ )

where
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A note on weakly-nonlinear equations of continental shelf waves

Shigehisa NAKAMURA

Abstract: Weakly-nonlinear equations for continental shelf waves are derived without rigid-
lid approximation. These equations coincides with Pierini’s equations on an f-plane as a

special case of that on a beta-plane.

On the f-plane the zeroth order approximation gives a

linear differential equation for a Sturm-Liouville’s problem, the first order approximation a
Burger’s equation and the second order approximation a Korteweg-deVries (KdV) equation.
A discussion is devoted to what kinds of nearly-nonlinear waves are possible on some specific

continental shelves around the Japanese Islands.
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Table 1. Order estimation of characteristics of continental shelf waves
6)) )] (3 @ (5) 6 )
Locality Kyushu Wakayama Off Hokkaido Off West of North of
East South Sanriku Southeast Noshiro Noto Pen  Shimane
Lat. (N) 31-33 33.5 36-40 42-43 40-41 36-37 35.0
Long. (E) 131-132 135-136 140-142 143-144 140 136-137 131-133
f (107%71) 7.7 8.0 9.0 9.9 9.4 8.7 8.3
D (m) 200 500 200 200 200 200 200
L (km) 20 10 30 30 30 50 100
1/2
R :gg—D?)—- (km) 580 280 500 450 480 510 540
e=L/R 0. 034 0.036 0. 060 0.067 0.063 0.098 0.185
fL 1.54 0.80 2.70 2.97 2. 82 4.35 8. 30
(s, )=(1,3) v=0.27cm/s  0.083 2.6 4.0 3.2 18.2 235.0
T/=29.4days 27.8 16.7 14.9 15.9 10.2 5.41
(s, )=(2,4) v=3.2%x10"* 1.1x10™* 9.5%x10°% 1.8%X107? 1.3%1072 0.18 8.1
T/=864 772 278 222 252 104 29.2
(s, =1(2,5) v=3,7X1077 1.4%X107% 3.4x107° 8.0%x107° 5.0x107 1.7%x107 0.28
T’=864 772 278 222 252 104 29.2

HELTEDEEDDDMAITEL T & LIRERT
ZETRRWEEDRD, Kid, EEONERCREME
OWEMEREETHD, TOMPITHi 3o
B @S5 bRV, & TREBOREI X -
THMEOEERZ L D25 2%RAD, KK, T
C, BARBIOKE200m FTOEMD S B, 1 Sl
Wi, (2) MEgulpe, ) =M, ) JuEEEE,
(5) wefth, (6) wEEEWR, (1) BREELELN
G LTEZBILIC LI, ThENOHRERET 2
& (lat., long), f Off, HRART 2 BAK KE
D, {EKBTEZRIE L f & D LhbEE DI
EIEE R BTN TEN Table 1O XS5 TnWd,
CHNbDEERAVEE, 6) XD ¢=L/R KL&K f- L
bbrEBT LiTB,

L Lo BRME (B8 T) K 8LT, K
OB BRI LD Fo T O HEBIELEZ
oo TD & HBPET HA DR, REMEO BH
T BHBEVWT ERBETH B, s, T=1 day
EBIE e~0.17 ThbH, T R ERIVE N L-Tok
LT, 2&213 T=0.5 day 7 BIF e~0.34, T=0.1
day £ HIE e~1.67 Lic T, diIP ¢« OERKIE
LRV TEL - TLES, BUBDIK ¢ ZHPEELL
T, BRILEERY, BOTHRW e K@ LTHEALT
HBAT DI ERBRITNT ETH B, LRS- T,
TIZTIR, e RWPRL B EHLDO HEE LT
TX1day & DTUTORFETTDET &ICT B,

T, e ¥ MAEBETHLIS R Tk, RO LTI
lday LD BREONEED I AED T ThIWiET
THDo

e ®ORDORMBERBATHY, TTITRHFZLNI &
3%, e ®LIROEER, Tihbb, (21) T s=1 3
D g=3 kB BETHY, @DEHLT, &z,
T=1day &% 5 &, Table 1 KR X3, HAEE
T3 v=0.27cm/s, T'=29.4 days &7%, FKLME
BTz, v=0.0083cm/s, T/=27.8days &7c-7C, H
HETZD LI R bONREETHNE D PREOBRK
WTRIEND DB ERTER Y, THRAELBE T
13 T/es LB LEBC v REEIC/NE 5, Table
1 %A Th, MEELTHTLMEETRARNCL - T
bz BT LR TEEHIC it %7z, Table 1 55
&, SkEm, dLVRERIEE, gk, GEEEREAE TR
S L, WS 2.6 225 18.2cm/s OHEFEICH - T,
(s, =1, 3) © 1 MOHAERICHIE L RETEE
k> TELNBZTEERIZLEAHTINVTHED D,
L, BT, 5, 9=01, 3) KARBLT, v=
235¢m/s, T'=5.41 days TH 5, THIFEHELE, /5
R AR B U TEOEARE WS KX b, 78
b, e=L/R OEIZH 0.2 TH 5 RN KERER
o TnD,

Lk, ZHmicoWTAEIE, Table 1 @ (3) &V
bhbio, 5, =0, 3) O&EA,
T'=16.7 days Th 5o FOIBIIFER TR O AR

v=2.6cm/s,



54 La mer 23, 1985

BHVESTHD, LT, TORY T 12, XX#D
T THEAR My 5L My OFMEN, TDX
S BE, REXBLONDI DD THA5 0, LINEE
ERIFLEE T 77=29.4 days L X 27.8 days &
WABIBH D,

Bl AIc, MAKSIMOF (1970) It X hidE, B kB0
TFTEERESE DS H, 13.6-14.8 days % FH L 45
OB LU 27.4-31.8 days XML T dDICHiEd
DEHRUAKE LT, XOOXHEHERIOHRA L LT
FTwd, Thbdb, KIOKE, WROXE, WwEN
T, RIE LU BKED 28, BRSO #HoE
B, BOEE), BHE LF BOETEEOEE), HEE
B—#BOHEE, ATHEOHEDOTIhALETHS,

ZZTC, Table 1 T e D 2RODBAD > B s=2 v D
q=4 O%HA, (22) KedL <, » O, ERLED
8 lem/s ZRRIE, BUAIKC 234 Bl Bno EFEIC
PEWETHD, TOHA, BRIED T 1 29. 2days
THY, T 1AM Mn ORB#HICHN, %, L
A7z Maksimov OFTiE i 5 &, HEEE LT
D 29.2 days AHIOBEIINAELTDO L AB Mn &
ED LS EERCH D005 BRI RRENHDTH
B0, O TFIEBRIB OB TRED
DEEZDBND,

KdV AERXZ i+ L5 b0, k& zid figkiles
BOWTHD L, MBIZEFI/IIW, LT, dL
INBFEHELCE LTS, £0 B BN 772 days
HHENVRITHIDVEN DO THLTEMRD S, 0%
4, AIRLERCOWTRENED, AL TELLS
7B IR B R PR RIS X - TR IND L5 R
MRH-7E LTh, LOWHR, e zidlg (ih) &
HWrv—7 (1983) KL 2EPALLEBICEDIEED &
FEZ bR\,

¥, B L LTHBENED, BLELOEFEH
HFA X %4k (72 & 213 HSIEH and MYSAK, 1980)
DEBELBRICNNDEIRETH > kb LRV, T
T TRESREB LR -,

s E x ®

BucHwALD, V. T. (1973): Ondivergent shelf waves.
Jour. Marine Res., 31, 105-115.

BUCHWALD, V. T. and J. K. ADAMS (1968): The
propagation of continental shelf waves. Jour.
Fluid Mech., 35, 815-826.

CALDWELL, D.R., D.L. CuTrcHIN and M.S.
LONGUET-HIGGINS (1972): Some model experi-
ments on continental shelf waves. Jour. Marine
Res., 30, 39-55.

BREER S v— 7 (1983): HIEI BT 5 Hh
O EREREMN. WA K EH, No. 26B-2, 637-
672.

GILL, A. E. (1982): Atmosphere-Ocean Dynamics.
International Geophysics Series, Vol. 30, Aca-
demic Press, N. Y., 662p.

HsieH, W. W. and L. A. MYsSAK (1980): Resonant
interactions between shelf waves, with applica-
tions to the Oregon shelf. Jour. Phys. Oceanogr.,
10, 1729-1741.

LE BLonND, P. and L. A. Mysak (1978): Waves
in the ocean. Elsevier Oceanographic Series
No. 20, Amsterdam, 602pp.

Maxsmvov, I. V. (1970): Geofizicheskie sili i vodi
okeana. Gidromet. Izdat., Leningrad (EEE=
CBEBEEEFAR (1974): WXk B - KBk
- [IRO RHEE). BEAFHRE, 358pp.)

PIERINI, S. (1984): A weakly nonlinear theory of
continental shelf waves. Jour. Fluid Mech. 138,
197-208.

ROBINSON, A.R. (1964): Continental shelf waves
and the response of sea level to weather systems.
Jour. Geophys. Res., 69, 367-368.

SAINT-GUILY, B. (1984): Inertial long waves in the
sea. The O.G.S. Silver Anniversary Volume
(A. BRAMBATI and D. SLEIJKO eds), O.G.S.
Trieste, 209-216.

SMITH, R. (1972): Nonlinear Kelvin and continental-
shelf waves. Jour. Fluid Mech., 52, 379-391.
WHITHAM, G.B. (1974): Linear and nonlinear

waves. Wiley-Intersci., N. Y., 636pp.



YYERY UL

IKRFIC B0 2 5 B BGERTE o U A4 1)

Symposium on

microorganisms in the detritus food chain of the aquatic environment

B¥: 19844£4 A 9 H

% REKERY

& BILHEEYS - ARERE¥S
ve—F—: B B B # GEKMER)

4ok m

BE B
1. ®LLoFrY 22k

2. UonMaNs TSIV v OEYEE

&

4 HEREC D B B AT R O A7 & R

R E U F

S ECR I [ Yagy 1t i
BHHAEET A —Ok#HLFEE

HAABRICKEWT, ME%O #EyR 58Y0 4
B, ERL, TUCERLAYORIET YT S BE
THEREEEYEEL, ABCEDOREICLD, b5k
BEBOEEEELTCND, 0L 3 kil 55
& THEE] 0T O0BBERELTWALE, BEYL X
S OWMREYNELR LD EAEER, Y, 57
by ORBHAFCRD ZEREYORREYBET D
AYBITREO—DL LTHEEIN TS, Tk, BE
KB EBER LD OMATRYED S VBT ST 5 EA
BHOBHRDIAREVDIDLEZLNTWER, ZO0&EY

H ¥
3. RO BIESBEC KT 2 BN MEEOBRE

hofE B (RAKEIIED
kOWR B F EREED
®moAR B A0 )
ES B ERES)
B x g 7 )
B O G
B OB OB R @xAHE
VAU S S G
h & & Z Gk RKE
mom R BC o)
W (HLRE)

B M GEKEEID
a H o — (BEKED

[m
N

BITRBCET MRV EL+S TR, SEO >
YRV L, KBERBIAT MY 2 XDEE, £LT
MR LN ED R HART 2EHMEEE S, $ER,
T A= FHOERE, ST IMARRERET S
ek D, HREHAREORE, RS0 —H®EHEL
3% HICEIE I iz,

Ky ROy LOAECEHUBEXELE T, FHE
SBPHFBR LY VR Yy AEfFIeo SEBER, 3TH
BEABCBHB W W, CIRELHEEXET,

(RTH &)



La mer 23: 56-63, 1985
Société franco-japonaise d’océanographie, Tokyo

kS VO

kOR OB OFTM

)

)z = AL

4

A OB A

The decay of chaetognaths

Sachiko NAGASAWA** and Takahisa NEMOTO**

Abstract: This study presents the decay of chaetognath carcasses in the laboratory, their
sinking rate as well as an estimate of decaying chaetognaths in Suruga and Tokyo Bays.
Two media were used for the experimental disintegration of dead chaetognaths: filtered sea-
water (series A) and sediment with seawater (series B). Since chaetognath corpses in series
B disintegrated during careful transfer by pipette it was impossible to measure the body
length and record the morphological change after the third day (at most) of death. The
body length of chaetognaths decreased after death, whereas their body width increased. De-
crease in length was distinct after the first day of death in both series. The length gradually
decreased by the 7th day and then remained half the body length at the time of death in the
chaetognaths of series A.

Scanning electron micrographs of bacteria attached to chaetognath carcasses provided the
following results, although no attempt was made to classify the bacteria. 1) Bacterial coloni-
zation occurred in unhealthy chaetognaths before their death. 2) Body tissues of chaetognaths
became fibrous or reticulate after the first day of death. 3) Wavy bacteria sometimes covered
rod-shaped bacteria after the 4th day of death, suggesting a change in bacterial flora. 4)
After the 7th day of death the outline of bacteria became obscure and they appeared buried.
5) Bacteria began decreasing on the 2lst day. 6) Pieces of chaetognath head remmants re-
mained on the 35th day at 10-18°C in the laboratory. 7) Bacteria attached to carcasses in
series B were not numerous.

The estimated sinking rate of chaetognath carcasses which came down horizontally was
4.1mm/sec. If dead chaetognaths sink with this speed in Tokyo Bay, carcasses reach the
sea bottom within an hour, since the bay has a depth of approximately 13m.

Data on head-damaged or abnormal specimens of chaetognaths obtained from Suruga or
Tokyo Bay made it possible to estimate the proportion of decaying chaetognaths, which

account for roughly 10% of the chaetognath population in both bays.
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Table 1. Methods used for the investigation of decay of dead chaetognaths
(Sagitta crassa)
Series A B
No. of Sagitta used 57 26
Media Filtered seawater Sediment+Seawater

Daily observations

Maximum (days) of daily observations
Daily measurement

Maximum (days) of daily measurement
Observations by SEM

Morphological change
35

Body length
22

After 1,2, 3,4,5,6, 7, 10, 11,
14, 21, 28 and 35 day of death

Morphological change
4

Body length
3

After 1 and 4 day of
death

OIS T I Vv b oSBT IR E TO RO
LAafT7abiThicn, RRE THrnd LI Calanus
finmarchicus (GUNNERUS) (HARDING, 1973), ##17° 5
v 7 b+ v Chlorella sp. (FUKAMI et al., 1981), Skele-
tonema costatum (GREV.) CLEVE (FUKAMI, in press a,
b), 22\ LEE Tigriopus japonicus MORI (FUKAMI,
(in press a, b) DHEITDOWT BN [Fihbhlkd A
ThHb. MEORER»H LEHOIERNLDIHEED,

DWTHRDWEHANEETLL (HARDING, 1973), &
BIIIGIEE N BEEICRES BETI LD, H
BB TRPAVE LERLKLH, HFOBRERTIARE
HBOHZEE2E0BLTLENLRPLDOEEE X v

Fig. 1.

FCHRET B LR RAETH B & H# Lk, FUKAMI
(in press a,b) REMEY 5 v 7 + v O AEBECE
FEEBHOE(L, MEEOFE L HMEAOEEREENE
DEEBIFL TN 2,

BHELEWTR, L LRZOEMENRI WS LA
DNTKREL, 20d LEXYBHETIEEXIRAETDH
5, BINC BT DAL LDIFER L Do BRI
BTV, AR CREFSICERT S Sagitta
crassa (NAGASAWA and MARUMO, 1984) % NAGA-
SAWA (1984) OAETHEL, RAKRPLLE 220
v —XiTh I ER 10-18°C TR, AROFE/LLE
Z L (Table 1), F/h EEBTFHESE (SEM) HEP,

Change of shape in chaetognaths (Sagitta crassa) which were just

dead (0), after the 1st (1), 2nd (2), 3rd (3), 4th (4), 5th (5), 6th (6)
and 7th (7) day of death. A and B represent two series which are
referred to Table 1. Chaetognath carcasses in series B present an ir-
regular outline due to the attachment of sediment.
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FOIEERE DHE T - oo X BIRTLORRER
EREQE K ED XS MIRETHFEL S 2T 0nT
REL, FLEBACENTF ) 2225520 LOR
B 21T - 7,

2. HARDPECLUOHKREIVHROEL

FHAFER?L 7THBRCOE R LOEROE LY
YUY —XA, BEOWTHEEL 2% Fig. 1 IKRL%E,
AN R LOER BN bABLTWA, L
%, EREENT 20T, KRR ASEERE -
o YN —ZXBORLLRBEBONBZC LY, KORE
WHEHELRMME R L, BR UKD W RIS
HELTWBRD, ZEA P TH- THERRBERLT -
2o £ OHE, HE4H THEOORIREL 2, LK
STRLLOERIE YY) —XAD L 3 BTSSR
Tohao iz,

AR LDOEREDE Y ) — XA, BlL2WnwT
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\
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3 I S NI -
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Fig. 2. Change of body length in chaetognath
carcasses. Bars show standard deviation.
A and B represent two series.

Fig. 2 TR L%, BEDBASIR A, Bk 1H
HICZE Lo ATRTHETHREREBAICRY, 3
TROBEDKESCRD, TORERMKE L, BT
BACKEAEOBRPRIINI 0o 2,

3. HAEDELO SEM [C L38E

FABEFLLLIRTE-> T 50— e Q KEE R
HBRABHC /LD, KL & QI RERRE DL -
T b, RORBE & BHOETZHIEO B fE & IR
HIELTW (Fig. 3A). 0 X 5 ICImET 4 bR
R LEMABFTHZERLIELIEE -, oL LIT
RHEIREE B (Fig. 3B), BT LICIXMEL
BICERD H - T (Fig. 3C, D) A&HL T\, B
2 BIREINIZRT U Sagitta nagae DIERD T H
HIC B Bbiicifisn &2 5 Thnia O EFRBHRICE
D HNSEEISALE I (NAGASAWA et al., 1984),
TR 7 BICHIEICRRS L T DT LRERNC
bFEETHIEEZTRLTND,

BB E LTS E & o EE2 SEM HERH & ER
TAHBEBTUE XN o Toe LBLITBAKRL LIRE
ST EATH XS RRREIC 2, FERELEELZODI
KIE AT/ 5@ ChRBa dh, PLLOEREE
DI 7ehH, SEM TEE LM K gihn
THOBMERTE-> WS THD, KEROHEMRET
CONBEEHRE { F- 72,

1) Y —xXA

k1 HORD LICET SMEOMR T & Fig. 41

RUT, MERPD LOKICH ) B85 L SICERELT

Fig. 3. Scanning electron micrographs
of bacterial colonization of unhealthy
chaetognaths (S. crassa) in series A.
(A) The transparent and opaque
parts correspond to the absence and
presence of bacteria. (B) Bacteria
are dispersed on the body of an un-
healthy specimen. (C) Large num-
bers of bacteria cover the body of an
unhealthy chaetognath. (D) Heavy
concentration of bacteria dissimilar
to (C) is found on another specimen.
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HELTWS, WFNOME L ZOBMMIZEFETH S,
—7, L LOEIBHERIT S Fhdd - T3,

3, 4HO R LIKAET S MEOKT % Fig.
S5 IRLIc, R LOKRKROENERTH S, Lol
OERBBHMERE 2 VIEERZEL T FRhTWw5, /b
BVEEO FICERT 2T 5 KEAMEAIEL TS
Akbd5, MEOBRIEHETH S,

HE5, 7, I0HD L LI (5T % WMEO BT%
Fig. 6 iR L7z, MIWEEIZ H N IREET REFR
O L, EERYEST5ME I TEENER
D&H->TVD, THREBEHEOELETRT DL EbR
Lo BT 5 vy v OB ST A MEHEOE(L

13 FUKAMI (in press b) &k - TR UDTHEI N,
T. japonicus O HRCINTIE Vibrio 23 ¥ Hilhd
B3, R 3~6HETIC HHkL, Vibrio 10~ T3
% 6 H UL Pseudomonas-Alcaligenes & Acinetobacter-
Moraxella REBL 72,

7THUBHEERRPD LOKRCAEL TnE ENnWI LD
HEHNIRECTARERTH - oo MBHOBARED DS
nisin- iz,

5tk 14, 2IH DR LIC BT B O T% Fig. 7
KR LT, % DHBEOWRBRIAHHETHS, MEOH
RUORIHECH D, M4H TRMERT R FEL
THBL TN, 2LAREZZOEREBS Ui,

Fig. 4. Scanning electron micrographs
of chaetognaths which swarmed with
large numbers of bacteria after the
first day of death in series A. (A)
A large number of bacteria cover
the body. (B) Higher magnification
of bacterial colonization. (C) Body
tissues of a chaetognath become fib-
rous. (D) Bacterial colonization oc-
curs on the hook.

Fig. 5. Scanning electron micrographs
of bacterial attachment to chaeto-
gnath carcasses in series A after the
3rd (A, B) and 4th (C, D) day of
death. Body tissues become fibrous
or reticulate (A, B). Large wavy
bacteria which are dominant cover

those which are rod-shaped (C, D).
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FEH2BH DL LIC KT 2 MEDOKRT% Fig. 8 IR
Liz, SHIBLIAABEEL, MERELINTED,
FERREHTE DR,

2 YJY—xB

TE1BOPL LICHET 2MEOKTE Fig. 9 1
RUl, WRHPOHEOHEL EALRHOMAREZL,
HRALLAMFEL TRV, ThidBRGbDFEAEY
PHEAYHEAT D Db Lk, 5tk 4 BHTIIHE
RIZEAEREL Qo - fe,

DEDz &b, ) —XATRBERYI LOAR
P BIER 2 Blc b Y SRFEL R, 3~4 @M
DEBD T E b, L, MERZRT LOE

1 EETHEINORE TSR - o —F,
o LI U DBHER, MEREZEL, OobrIHE
HBL, TOIDLIHEBEELHEOE R -T2, VY
—ZX B TIRMMEIZFEE 4 B Tk Lz, R LO&IZK
F LD WP TERHC NS NS BEARD - 7,
L2 LRBHIREZHICZD LTV T, 2L LONHE
HBHEHFETL D EPLHCHEL EIZE 2 I W,

4. FRALEDPCULOLEEE

EFTPBLOERES TS THD2, BT 5L
EL2EROZPNCHD, THREALERLLIRIES
TR RE RS (Fig. 10), HAKPL LBEREK K

Fig. 6. Scanning electron micrographs.
of bacteria attached to chaetognath
carcasses in series A after the 5th
(A), 7th (B) and 10th (C, D) day
of death. (A) Large numbers of
wavy bacteria are seen on the rod-
shaped ones which cover the head.
(B) Wavy bacteria appear on the
rod-shaped bacteria whose shape is
not clear. (C) Mass of bacteria is
attached to the head of chaetognath.
(D) A large number of bacteria are
buried and the outline of their shape
is obscure.

Fig. 7. Scanning electron micrographs
of bacteria attached to the chaeto-
gnath carcasses in series A after the
14th (A, B, C) and 21st (D) day of
death. An embedded mass of bacteria
of obscure shape covers the carcasses,
but bacteria decrease on the 21st day.
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R19.5°C, HE L 029%kET2HELHELLL X
€, R LAEFLRES Fig. 10 IR LA, 4L
BIRIEKFE, ZTECHNRER > TKEHDWIZHED 3
DDHETH T Lico FNICERTRERDIEIC, 8
ErbKFCHREEZTCETTAZLbH -, 3E
O ETRIAN BETIHEE LN ThoBRE Y
Table 2 IR L7, FLALERPTL LASREETTHZ &
B, KBIBKFCHET Uico “FHOTLREHREIX
FHEOBEWKEDEA 4. 1mm/¥ ThHh-7c, Lichi-
TIRMICRN 16m BT 352 &icind, TOEZE
M BTS2 LERBEY GKEHN 183m) TRPLL
JAFEH 1 B 5T CHECRET A LR b, D

BRBERTLDT MY X ALY ) - X BIGEWIRRET
ELDDLEZDHZ LBEYTHED,

FLAERT LR 1 HiK 354~414m % T35 &L51EX
7 (Table 2), APSTEIN (1910) & $&E80 87
7Y b D kEEEY HNR, T LD REEE 12
435m/H THHEHELTWD, LEkR- T IhIFZE
HOHEE L1ZIEA T TH D,

5. PUULDRELT PUSXEDOREKRD

NAGASAWA et al. (1984) X BHO—HRKIETIE
B LBRAB»OHEEL, 20 X5 BERAER
LEHOMBECTBINTWS DD, FERCEXTY

Fig. 8. Scanning electron micrographs
of carcass pieces (A, B) and em-
bedded bacteria (C,D) in series A
after the 28th day of death. Pieces
of carcasses present a rough appear-
ance due to their degradation process.

Fig. 9. Scanning electron micrographs
of bacteria attached to chaetognath
carcasses in series B after the first
day of death. A small number of
bacteria are attached (A, B}, whereas
diatom frustules and other pieces
are abundant together with an even
fewer number of bacteria (C, D).
Body tissues of chaetognath carcass
become fibrous (D).
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Fig. 10.
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Diagram showing shapes of healthy (A), unhealthy (B) and dead
(C) specimens of chaetognaths.

C shows how some chaetognath

carcasses came down; three types of sinking such as horizontal, folded
and horizontal, and vertical. Occasionally the type of sinking changed

on the way (223, 13, 2—1).

Table 2.
chaetognath carcasses

Frequency of three types of sinking and mean sinking rate of

Tv £ sinki No. of Frequency Mean speed of sinking ;
ype ol smking observations (%) mm/sec(+SD) cm/min m/h m/day
1. Horizontal 87 70.7 4,14+0.9 24.6 14.8 354
2. Folded, horizontal 27 22.0 4.7%+0.9 28.2 16.9 406
3. Vertical 9 7.3 4.8=0.9 28.8 17.3 414
Total 123 100.0
VRIS B H T L EHE Ui, EREARETIOHL EERPEIEE T ERATYS A, EF SR,

i 26m Dikie L, &Fk0l0%% Hdic, Thbo®
DU AESERLICMEC B3, AR BELODH
D, BHREcEL@ETH S, NAGASAWA et al (1984)
Tliid, TOXScBfEERTT MY 22T 590
LA EE2EOPE &b 2~13%ThH 5,

NAGASAWA (in press) 1280 TR E L2 L
FHAENDL LUELREKEL, ThbogkR2hoRH
CHEMBELTNWSZ L E R Lk, BELRPL LS
IC 53 3 EIAIR19794 7 A3 THI12%, 19824
6 FIRIZFHTH AN TH - ce 2D OEIRBANEIC
BT L HEBEENPL UHEIC 5D 5 EORE & —RT
. EFETALMBENEEL TV BE vt LISEN

FRLDEBRBELACTETL Tk (NAGASAWA,
in press) EREFBLNAERTHS LEL DN S,

BRIV, HABICRT 52 LORBHEEILREE
et LOHMBICE T 5 LU EO BRI ESNT, KO
EREEIND, P L0 EF T
BEX5 T, PRATRTEL, ILCHEK L 25@YD
JCF U & R LD,

LZAT, AR LOLESEOHERN SR L
23R 1 B2 B TlERICET 5 T LAMEE S i,
BEICE L RAREEAEGICHAINS 2D Lk
A, —HIRFEAEIRTET M) 2 2B ESDD LR
o, L LOBEBR:F VHOFHBEL, thoHsr
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Biomass production of gram-negative bacterioplankton

Hun KANG and Humitake SEKI

Abstract:

It has been considered that the bacteria in the aquatic ecosystem are important

nutritional sources for zooplankton partly because the bacterial biomass occupies a large portion
of particulate organic matter in the ecosystem, and partly because bacteria are adaptive

Gram-negative bacteria have been shown to be
especially in the oligotrophic aquatic ecosystem,
more efficiently than gram-positive bacteria by means of binding proteins that are involved in
the nutrient transport system. Hence the predominance of gram-negative forms decreased

to zooplankton prey by reproducing rapidly.
able to assimilate dissolved organic matter,

with reference to eutrophication.

There are significant differences between bacterioplankton

and attached bacteria in various aquatic ecosystems in relation to the concentration of dis-

solved organic matter from the points of nutritional and chemical constituents of the organic

matter.

KECET2EH TS 7 bV ORBERE LTORE
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Fig. 2. Primary production in the world’s oceans in mgC fixed per square meter
per day. (map 1. 1. iz Atlas of the Living Resources of the Seas F.A.O.,
ROME, 1972)



66

La mer 23, 1985

15k
L 1942
< L NO  ALOSA
1 |°—
> [
Q
2 =
w -
2
3 ¢
g osp
: Epischure ___[{_
o
LE:S‘TN 04 0.6 0.8 T 1.0 _ 18
4 . Leptodora
- 5 mm
DOMINANT 7
ZOOPLANKTERS R
— 4 . i
)
Digptomuy Cyclops T
R Daphnio \ Masocyciops
16}
p——
r Asplanchno Ceriodgnrhnig
£ F 1964
> °r o ALOSA (= POMOLOBUS)
5 e A
g [ ' AESTIVALIS
§ [ : POPULATION ESTABLISHED BY 1955
« {
: UPPER
o

o4 ?0.5 LENgTH 08
m

02 T

DOMINANT
ZOOPLANKTERS
-

Fig. 4 Size-frequency diagrams indicating the effect of the introduction of an
obligate planktivore on the size — hence, species composition — of the
crustacean zooplankton of a small lake. (BROOKS and DODSON, 1965.)
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Fig. 5. Constituent distribution of organic matter
in various aquatic environments with refer-
ence to eutrophication. (SEKI, H. and NAKA-
No, H. 1982)
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Fig. 6 Seasonal distribution of dissolved organic
carbon (DOC) in the water of Shin-ike Pond.
(KANG and SEKI, 1983).
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Fig. 7. Seasonal distribution of gram-negative
bacterioplankton in the water of Shin-ike
Pond. (KANG and SEKI, 1983).
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Fig. 8. Mathematical models of the abundance
(DOC) and its fluctuation rate (dDOC/dt)
of dissolved organic carbon (F=15.04, Fo.a
=8.53), as well as the abundance (BP7)
and its multiplication rate (dBP~/dt) of gram-
negative bacterioplankton (F=4.51, Fo.ps=
4.49) of Shin-ike Pond during the first period
(sample number=18). (KANG and SEKI,
1983).
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Dynamics of a microphagotroph community
in a small freshwater pond

Harumi KUSANO** and Yasunori WATANABE**

Abstract: A microphagotroph community was studied in the course of leaf-litter decomposi-
tion in a small pond. The mechanism of community dynamics was studied by (1) analyzing
a changing pattern of taxa composition and controlling factors with multivariate analysis, and
(2) comparing populatin dynamics and food habits between dominant taxa. The important
factors affecting the change of taxa composition were water temperature, amount of detritus
on leaf-litter surface, and densities of bacteria and small flagellates. However, dry weight
loss of leaf litter did not affect the taxa composition. Thus, the leaf litter influenced the
the dynamics of microphagotroph community through its decomosers; i. e., litter-feeding
macrobenthos producing detritus on litter surface and bacteria as food resources of micro-
phagotrophs. In addition, predation and interspecific competition between microphagotrophs
also affected the dominant-taxa replacement, when the environmental conditions described
above were relatively stable.

Seasonal and short-term successions of various inland-water communities are discussed,

and perspectives in community ecology of microphagotrophs is suggested.
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Fig. 1. Seasonal change of the number of taxa
in the water, litter and sapropel layers in
Mizutori-no-numa Pond, Tokyo.
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Fig. 2.

Seasonal variation of microphagotroph taxa in the water (white area), litter

(dotted area) and sapropel (dark area) layers.
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Fig. 3. The experimental vessels used for the
community analysis during litter decompo-
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Table 1. The correlation matrix of the five environmental factors in Mizutori-no-
numa Pond.
water detritus dry weight density of
temperature volume of litter bacteria
detritus volume 0.772*
dry weight of litter —-0.728* —0.636*
density of bacteria 0.385 0.212 —0.344
density of flagellates (<20¢m) —-0.209 —0.383 0. 296 0.062

* significant at the 1% level.
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Fig. 6. Cluster analysis for the 25 common taxa in leaf fractions. The thick

vertical lines join taxa found to be associated at 5% level. Respective groups
of associated taxa are expressed by two capitals with their peak periods in

parentheses.
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groups. The left figures show the relative positions of 40 litter fractions. The
numerals in circles and squares indicate the time series in WS-(enclosed in solid
line circles) and S-(shade area) series, respectively.
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Fig. 8. The correlation between the diversity
index [H’] and detritus thickness accumlated
on leaf litter.

DEZZLLELF MY 2 XA CRMEORENEEND X
AEEMRd2, N7 (MR, B—, ZFRSEHcT o
v PLEBEERRT, BZEIRSLCONWTHBE, 44
T, WS, SEv) ~XMCTRALIEMRADDNE,
i, B=FRAMZ 5 AEB TNIHIE A D -
BIEHDOELE LTWD, UL, HERKRIEZE TR
HBHEL (=-—0.432, p<0.01), W4 L EHE
EROEERKRENLEEZ DNS,

B, 77RZ—=HLb7v—lhe&s7v—
7O ROAFHD, SFEBEEY Sv—7HO K=y
FOERDEEY iHh LB L TED (MIRACLE,
1974) o AR TO B = F L%, BEERR ELS
LZBECHMB ECERDLINLIOTHY, AYRBCE
FHNEXEERV, ¥k, &I V— T DR AR,
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Table 2. Dominant taxa replacement in WS-
series. The dominant and subdominant taxa
were defined here about their densities of
more than 25cm™ and 10 to 25cm™2 leaf
surface, respectively.

ZZiseries dominant subdominant

Jan. 22 Coleps Uronema

Jan. 29 Coleps Pleuronema

Feb. 5 Coleps Pleuronema

Feb. 13 — Coleps, Pleuronema
Nematoda

Feb. 19 — Coleps, Nematoda

Feb. 26 Strobilidium Coleps, Pleuronema

Mar. 4 Strobilidium Nematoda, Rotaria
Pleuronema

Mar. 16 Nematoda Tachysoma, Hypsibus

Apr. 2 Nematoda Aspidisca

Apr. 15 UNSCX Aspidisca, Coleps

Nematoda

Apr. 29 UNSCX Nematoda, Coleps

May 10 UNSCX Coleps, Frontonia

May 23 UNSCX, Coleps Fronthnia

D=y FOBSICEHT 2 EROBUYEERT O
TR, B L OB/RTR, IITHRRS X3 1H
RCRZEREL DN ThHD, Lnl, TOKHER, E
CAML24 7REHERL CHRT 254, TEREE
Bicg 2 DHB/ X — 2B TE HFERD B,
<BUNEY OFEREG>
FATTHRICWS & ) — X DOEEI CHE S LU g
YER2WR LI, TCTR, BHEEYEE 25cm™ P
robo, BELEEL 10-25ecm™ OHD L LCHHL
Too T L B &, 1~2HiiRERERE T/ D
FEhEZOHAE (Thd BHEBRERER) 2E 5L,
D 4 PR CREM OBE Bof I it
Lic, TOXIRBELHEORMRZ, ERNOEBRPI 7 o
TIALTHEINS 22— (HAMM, 1964; BICK,
1960) & XT3, 2 ARPD 4 BRECHTTD
R, REERNARRN—E URRETHY, BDE
VIOEMEZ, $AbbHEd ABEAPHEAKLL T
BEER L LIRS,
BB IR AN T ) 2 X AROBAZ N, TO
e, l4OBEHOBELEET I bick - THEA
PHRFOEELHDZ L IRETH B0, AM»rHEY
BEREAHERTED 2~ 3DRIE DN THRE Lk, R
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Fig. 9. Dynamics of prey predator interaction
(top and middle), and of ecologically close
interaction (bottom).

FHCE, et DNEESAEO SO A 5N
foo WHED T 5 v 7 b v LTEL BT B0 EHBESD
Strobilidium sp. & HO/NEMIEROERELY K9 (1)
Wi de, “ED2A25 3 icrd Tofikiie—sic
B AG—BEO BERDY, Strobilidium 7> NEHFE B
WRERREY G2 I EXEZ N5, HL, 4 AL
B, Strobilidium 1% %5 < RYLSILO BRI L » T
Hined, 4RO WERED ¥—7 i3 BRIET H-
7o Strobilidium % &Ts/NREREE (K4 X 30
pm PLF) & 0 fHAE Coleps hirtus O Bjfgxr X9
(th) wrd, & D/NBEERIZ, Uronema, Hal-
teria, Strobilidium ¥ X 8 £ D 30pm LT O RFEE
MER (UNSCX) A5 LcbDTH B, Coleps 3R
MTH B2, Frontonia %o Stentor & DHEAENEREP
WERP I OVFHORNLT, MERELL L EAT
b, NUEEROHAEL LT, ficlAMD Litono-
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tus X Hemiophrys 72 AW BB Lk, EEE (4
et L) ThHotko 1AD Coleps DEGE E— 2
i, BHONEBERRE~7 (K223%) Khi 0D
EHREIEND, ACZ AR5 At EINT W5,
¥/, 3AEMEONRMEDEDOE T, Strobilidium
DL L MEAY taxa ZEERMIEYIC LS
LiILkBLEZ NS, TDX S /NBEE D & Coleps
DE)EEIZ, BICK (1958) & » T 3D Mk OEE
BTHEIN TN,

B9 (F) %, 3AnBA4HCADTELELL 2 taxa
OTEBHRERDEER RS, 7 v—7 OX 8L AS
WgT 3 Tachysoma & Aspidisca 1%, F£ic REXRE
FEEL, FLLUTHEAND EBNITIGET &5,
Tachysoma W3 JHEDFEIBRICR N T Aspidisca £ D
IBLEIEAE W (M 2) 23, WS v ) —XClEizy 1
HAMBEE s5em™ D LTRAEL, LUK
E— 2 BNEWKFNRERR bR, 202 Lkl
PRET 2ROFEMBEEL THIE S,

1. WIEMBEOEBEE

AT [KEDOE] TR, BEBEEHICE M
NEREBT 5%, BEOSHREC KT by R
ROZERICHT % REEFNO/ERABEIN 100X 51
FLDOHTENTED, &HEYELT, BNBHOH
B, KR L - THSEEIND (FHHER), —
B, KRR OB BB ST 523, FHEH
OESFEOZANILT L HKROHRICHE - 23D Tl
ot (R2)e - T, BEONEN, L0 HEE
B (BELER) Tk, FrY2xv#EmIzes%
HEAM v/ o~y P 2APHBE L EONBEELYEL THN
B ET LD LRI, KBEbER, FRDMEY

EALCHENC EETDHLIABREVE B2 5N
B, LAL, ZOSGEEBROELORIL, BEER
OEALL B Ui O (BHEEHRICESE
B) AT ENTWSZ EAHERIIN, HARICH
B3 2 NEYOSEEBRROZIL, Hc ORATOR
B E CIERT A& & OBFRIC L » THRE
IR, BT L » TRRAICRR D88 — &S, W
Ti, WNEBIREE LTERPAZERBCEEL, i
D BEHNELE RS EAREINT WD (SUEHIRO
& TEZUKA, 1981), L2L, DX 57 BEE(LEIZ
R X 2REBOHEEPHERY, MEORA
nl, —RENEBREOF(LOERCEBHOBRALC
5 ELEbRTW5S (SUEHIRO, KUSUOKA & &iT A3
F)o THIZ, BNEHHEOHAPEEFESICL - T,
BEHI LR BRI DN TERE~NOEE &2 2
BNTW3, RAETEMASDOBITKMDOEE LIEKT
HHH, [BEEROELL R, EFEOBA, KeE
OHMEEOEN, MEYOBXICL 2HERE, WIE
M & - CTR—FICHEOR ST REOFANRD D L5
Z bbb, FHEBRCLZZIKHAZ TN TV HEHBO
BEERIL, £ LIBNEHICE D TORBORERE
VS RE» L BT INERETHS D,

5. W EMOBELEREF(CDONT

BB OBHEREP T OIS AT, 22
RO b HERZRAD 5, Bk, —FcHu)
B OIADIRR, HiEEOS bORE, SR OEKE
KOERTHWHDTH-T, KBS b DR EHRL
T2, ZLOWNEHTIZ, BTOWMASICL » TH
BCAEYTBRREG T2 TS T eB8HOhTED,
BEDRCRRREFZERT ML LiVWETR, B
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Fig. 10. Summary of the causal relation between water temperature and the dyna-
mics of microphagotroph community in Mizutori-no-numa Pond during a litter

decomposition period.
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S0 BT H LT B 28R mT & SbhTnD
(TAYLOR, 1981), EEIHBB KRN HAAEZNT
Wa7k b, BUNEYO THE] RARKBHACES S
DLEEDIRNETHHH, TOFR, WHEYOHER
BORRBEAEDD TN WE R BICT 25K TH D LR
I, BT s BEEOEBYEEICL T3,
B0, #WiEYo T#E (xR @ FEFH]1 0
EEWLEETH D, BEES LR KRR, oKk
- CEBNLTHAELTRE T A ERT, —
DOEBBHTE LTV AFEEHAKROE RN
BYo BHEKCL 2 BETEER —00 RSN TH
b, ZOHRCEINAIWIEYE —DOBELLTER
BT ERTED, FQBE, FELEDS TV b Y
kT B WIBHERS T OFZe (TERAGUCHI, et al.,
1983, MIRACLE, 1977) & [k, BEO MWL K&
SRHEANLOTEHNA L RBEOMELFNEELD
BEN DT D 0ERSH D, MAGUIRE (1964) 1XR
EEWYIO B E Nz KIEA~D BALSWTHEL T
%o WhW A EBEANOREAMEC L 2 ZEH L
Bz, oM EYORBRHENRAE A LT HH
bHF, BELRE#E L DREIETH B, T, A
OBUNETY, [BREEE L L FRICEE S (GOULDER
1975, 1980) <ok Forfs (FEEF, K%EF) OFldEX
THY, B - THHEoBRe/ 2 — v RE LD
TERFEDLNTNE, ThODORER, £ERETND
RS & BUNEIOBIKENRETI I MESTCHT DK
Je DBEBIZET 250 TH A, YLD X 5 I RERERE
RITE AR EOEBNREETZR U OO TOBEL
T HT LR, THNETICREEELEAEHRO—R
ELTHRONTELMIEBYARFOFLVAMEEZ
bid,
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Distribution and ecology of bacterivorous flagellates
in the marine ecosystem

Hiroyuki YAMAMOTO** and Yoshio EZURA***

Abstract: Bacterivorous flagellates were detected in the samples from costal to oceanic sea

by the cultural MPN method.

According to statistical analysis with in situ results, their

distribution was affected by a quantity of prey bacteria, and thresholds for growth response
or continuance of flagellates were found at 10°-10°/ml as total viable bacteria by plate count-
ing. The thresholds coincided with a result of the mixed culture with an isolated flagellate

and the prey bacterium (Alteromonas sp.) in autoclaved natural seawater.

The flagellate

feeds many species of prey bacteria, and selective function on there feeding could not be
determined. The role of bacterivorous flagellates in the marine ecosystem seems to be very
important as the control agent for bacterial population and the facilitator in decomposition of
organic materials through the food chain or food web.

1. 3UsIc

FAEEEBEC RN T, MERC L FBUEDHEA
CREAAEN BB, Fl2 1 FAMBER TR bdello-
vibrio ®° myxobacteria 7z & (ROPER and MARSHALL,
1977; VARON and SHILO, 1980; SANGKHOBOL and
SKERMAN, 1981; 7ER{, 1981; YAMAMOTO et al.,
1982-b) LK N7 7V %7 »— (ZOBELL, 1946),
MERE AR Tl T/ E (WRIGHT et al., 1982), B/~
7 v 2 b (PETERSON et al., 1978; RIEPER, 1978)
B L EAEBY (FENCHEL, 1970; HAMILTON and
PRESLAN, 1970; CRUDS, 1977; HAss and WEBB,
1979; YAMAMOTO et al., 1982-b; NISBET, 1984) 7&
CREHD LRI L D RBEE LTRAZhS, Th
LOMBEMATOD S BT, FAEBYEIERERL LT
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bo LOMBEKEFET 28R CHIL5, Thdik,
EHhF (Mastigophora), AEIE (Sarcodina), B EMH
(Ciliophora) T, #iF/s B AE b DREIEM T 5 v 7
FYRFP)2REEBICHERZERT 220050,
BADBRBICARTAZ LR AT WS (NISBET,
1984), Fiz, THEROEHEI LD R LOMESL 1§
BINTWBHNEYT 507 b (B0, 1978) O—
BLLT, TOMRFTEOBIRE LN T B,
MERAEEEAESYHO AL T O EENTIIIZ, &
RRCBT 2WAEYBEOHTBBOREL 2 b1, &
HEROMBICIEELFERE LT TESLS, &H
CEWTIR, fMRTMERAREAEYE L ToffE R
Frhoe LT, BETOREHRYEESD, MER
L OB ERBRRTHIN,

2. EBHAEZE

BN TS V7 b CEENSRESYEE, S5
Y7 bRy bRL D EENTFREFEIZ TERV, ¥
fo, BAKEEER, BB Ak rEEdT 555
(TANIGUCHI, 1977; SUEHIRO and TEZUKA, 1981)
TRANHDFEEE Yr EENC RO E S 012 RE#ETH
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5o HITHEHAMFEABSYOL < 100m LT TH
D, TREEENKIMOJI I, AT 507 4 VE
~C X B FBENE, B OB & Doy ERNE, BRI X
DHE ENRERNLEEERTHD, ZhHDDH, F
BRELSEER ETIR, BENLY s v L DRAEE
PHEROBBECEE LTI B0,

SOROKIN (1977) 1%, 7 ¢+ v&—ETHKEY HEK
BHEL, ThEH o 2BF o v— B LI EFRRE
OHMEHR B EH Y EENCHEIL 0D, IbiItx Y
75 7 4 vz — (Nucleopore®) 1T X % FEigHE=IE
HALEFELEAT DI LICID, 74 vE—LICETE
ST BAEDLO BEE BXABEBE T CESICEHAILD
B, WAKTORBREEREZRD D DL EAIRLTY
5 DHEE, WEROBREREOFHICEHVWBRT
Wa, ZOHETIR, RROEEA L #IeaROBEHEN
RS ER A, —RICEREE LT, Ave Y, S
B— VT ITFNA ¥ 1~2%HNe5Z ENEL BN
LAITWAR, BiEVT — VRO 1 %3 X % EE &
171 (PoMROY, 1984) dHE I T3, mhEHiE
san7 4 VOEREEHENLE HFITC (fluorescein iso-
thiocyanate) ®° Primulin 23# X T\ 5 (CARON,
1983; SHERR and SHERR, 1983-a), %7 ZDFEEY
fesl4 5729, DAPI (4/, 6-diamidino-2-phenylin-
dole) & FITC itk —EREEL AW O TS
(SHERR and SHERR, 1983-b), T _EH@EIC LD
HFEROERFEORR, ¥, ERNE BEOFELEX
AT, SDICHOOHEBI DL FDC (frequency of
dividing cells) DHIEDRS bNTn 5, wHhYEEIT L
DEBEFHETIE, MROREILFHATEDLIEHMD,
EHBRAELTHETHD, LrL, TOHETR, MH
BANTHILI0TrOHERELL, ik RED
HARTERWR EDQREAND D,

BRI X D RAEEYOEENRAIEICOW T,
HREDEIAHERIRA DNV, LhL, DT 7 v
7 b v OEREE Percoll® OEELELENEICE D4
BES B HEAEHEIN TS (PRICE et al., 1978),
TOREERIERTE, RAEBHOAERERAEE
Zibhs,

A XD HERAED DO TEFHITIAREL
TiZ, MPN # (Most Probable Number, S#EuE)
Ik BEERBAIEEHNSH S (LIGHTHART, 1969; CARON
et al., 1982; YAMAMOTO et al., 1984), fHE DA
JSEE TSR E L, Thic B2 BRELTHELE
%, BEHOBEERY LEHEBE L MERAEREE

BOEEYERT S5, MPN ic ) % 310, B
EEURE MR LB S, BUEREL /R 3 EM2580 b
%, LmL MPN TR, BN bFHTd AR
AEEThD, EERECOMABAMOEER, BE
M, TA—NRERMATHLNTE D, R
ALY, BN SBRETRAERTHE D, KLU
BRJIFEDONTIR, Vr — L EOEREY AT
MO SATREAL MR T ELENRS 5, Th, HEEH
DARBEEPHREYHOBAIC L VIBETEAWERNE
ETHAEMRIERIRETH D,
ULOHIERCREARREREBDD, ZOHWIC
U THEWST D2 VERD 5, ERRERHEEEL MPN
Bk pERATEYRERCERET Sz LIk, £
DEREED ENHRICRITHESD,

3. BECHRIBERST

MPN iz & 2mgiE (HESLEER, BFRAM
V) TOFEEEREAY Table 1 & 2R Uiz, MEHAK
e, FECENOMERASR O, AR
HCEBIORALZ T DA OHLH Ik OfET—
AR L & DICEHCEHERZ R L T, E2mER
iE, EEASBEBACE THERMAR bR, KD
TO EBEHIZ, 10~104100m! THh -z, HKLIT
2, B, 73v7 Y, BEREOERLDLOMWES
RREIR, ZofEKPoEr FR5300 H-
oo ok, MERLUNCHBER, TA—S HFEL L
(YAMAMOTO et al., 1984),

AP (GERFE) o R (Table 3) TR, £R
Aot REAKIC B35 EER D bk, 2B
10~10%/100m! T RFBRL D BEWERAHD, Fik
BEADINCIIT XA —NOFERED DRI TH -
7o

LIGHTHART (1969) @ MPN £t X % FEHR T

Table 1. Temperature and microbial densities
in the surface seawater collected at Nanae-
hama in 1981.

- temp. bacteria bacterivorous

station oy (/ml)  flagellates(/100mZ)
19 April

St. A 8.4 4.7x10% 0

St. B 11.0 6.8x10* 4.6x10%
27 July

St. A 21.5 2.2x10* 9.5X10

St. B 23.5 1.0%X10° 3.9%X10
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Table 2. Temperature and microbial densities
in the samples collected in Otsuchi Bay at
1 July, 1981.

. depth temp. bacteria bacterivorous
station: ()" (°C)  (/ml) flagellates(/100m2)

St. 1
surface 0 14.9 1.1X10°  2.4x10?
mud 5 — 1.5%10t 4.6%x10%
St. 3
surface 0 15.9  4.0x10° 1.5%10?
bottom 15 11.6  2.6%10° 2.3X%X10
mud 5 — 7.2X10* 0
St. 5
surface 0 14.8 3.8x10° 2.9x10?
middle 10 — 6.1x10? 4.3X10
bottom 35 — 9.5%X10 1.5X10

Table 3. Temperature and microbial densities
in the sample of seawater collected in North
Pacific Ocean in summer, 1980.

. depth temp. bacteria  bacterivorous
station (m) (°C) (/ml) flagellates(/100mi)
oS 7 0 12.8 1.3x10° 2.3%X10
179°59,9E 15 12.3 0 0
40°00,0N 95 9.3 0 0
495 5.4 0 0
995 3.5 3.5X10 0
0S 22 5.9 2.2x10°  2.4x10?
179°59. 9W 15 5.8 0 0
50°00, 0N 100 2.7 2.5 0
200 3.5 1 0
500 3.4 2 0
OS 56 0 10.3 2.0x10° 1.5%x10?
144°54,2W 40 8.5 4 0
54°35, 8N
0OS 59 0 11.4 3.1x10° 2.4%X10%
145°08, 8W 40 9.6 3 0
49°49,0N 95 5.6 4.8%X10 0
995 3.0 1.7X10 0

W, IBRERIC 10~10/10m DEE L RAER L, 4t
WA B IChE » THEBR & BERRBAL T2 LT3,

—75, SOROKIN (1977) 12 ¥B¥EIEIC & % EBEHE0T 105/
DHEEHENKE 100m THHEEL, F0O ©—7 1k KE
0m ITH-7zl MEL T 5B, #gmEBIck 5 HEE
FHECHHIERR, BELDINENEBIEAR R LE
R, ZOEE 10°~10°/ml &k - = (CARON, 1983;

SHERR and SHERR, 1983-a),

WENORERRE L BHERIBEICL A LT
BT EERLTND, LnLAERD BEEEL BEET
i, ZOHEMC 10~10° fEOERRBh, —#iczo
ZIVNEERICEOTARE L2 AR EHIA TS
(CARON, 1983), T O 2\WTid, HEHELED /S
HbH5%, WERHOAN»BEBCHANILELH
5EEZ D,

BB XD MEMAMEESR : U CHREI B
12, Protomastigida ICJE4 % Bodo, Monas, Oikomonas
RERS - LBE L, bFATIRD 52 Rhizomastigida
CET2303FD BN, HEBIZ3~5um O/NE
BHERBRZL, 10pm FT2HONREERTHNICE
BDOEND, e, HEBERIMEERTRS T HER
BH D, Ll, EERFEOREME, HcHBRAFEN D
W, SE¥ EORMBRABCERTLLERLD,
SHDOHFECONERESEHFING,

4. £RLMEEOHMMR

WA 2 OoBRICHEL T 2B AN ER M
EE L OMGY, AMEBL EERCTORER RN
T, AHE - RS LD AR TLHL (Fig. D, £
BER, —REFERCEEROMEMCE, EEEHEE

(/ml)

6 I ./
o ¢

Log Number of total viable bacteria
N
T
o
o]
o
o O .
0,

o °
2 r [
] . . L . .
0 1 2 3 4 5 6
Log Number of Flagellates 1PN (/100m1)

Fig. 1. Relation between flagellates and Altero-
monas sp. 1055-1 as prey bacteria in the sea-
water samples.

(O); coastal surface seawater

(®); ocean surface seawater

(+); seawater of seaweed culture
r=0. 620 Y =2.659+0. 528X
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Fig. 2.  Growths of protozoa with the different
densities of bacterial cells in the autoclaved
seawater added with antibiotic drugs (strepto-
mycine, 250¢g/ml; peniciline G, 250IU/ml).
bacterial density: 10°(0O) 10*(®) 10°(A)

10°(A) (/ml)

ARED biz, Elo—RERBERERER L CETE
WERDTHD &, YOS —BERELCL T10°~10°
/ml TH -7, ZORERIZ, BAKTCKT 5 HERA
HHEHD AERAEYRT DL WL D (YAMAMOTO
et al., 1984),

D& S mERR Y R ERATOMER, LIGHT-
HART (1969) 2% 5.8X10%/ml ® AEA #E LTn
Do FREHEFHECL2BRETIE, HEREREES
ORI L, BEEEIRZON 10° FIcEL 52
ERRENTH S (53 - FHE, 1984),

ERERBOREEIII, BL ORE B X EYEN
BRAEANCRBEIN2D T, ThE @i+ 5iz%k
DHEMLE ETVERNNE LR D, T TIOHEESR
DEBRFICONWT, WELVSBLEELRLHEED
& 1 BET O BRERXRECERE L B SR
XD EFNVEREYT- 0, 7, AL ERMNL TH
HoMM»HEL EER (Fig. 2) T, MEHR 10Y
ml P EO VRNV TOHBEROEMA BD bk, T
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Fig. 3. Growths of bacterivorous flagellate on
Alteromonas sp. 1055~1 in the autoclaved
natural seawater filtered with 0.22¢m filter
(Millipore GS filter).

(A); flagellate per 100m/.
(O); Alteromonas sp. 1055-1 per ml.

TR L A ERNoE®RE (Fig. 3) T2, &
B3 10°~10%/ml KB\ T 10°/100ml OFFEFRHFE
BInikc, CofRR, BERBOHEEERECRENL
WERD ABERR 100~10°/ml % BT 5 & 2 i,
HWEROAERICIRBFE 2 5 HEMINO FEESMW
WCHEEFTL, MR A EEI N LEEZRTHO
THHD, /o, HMBALWEROAREELZZE LD
AR BVA, BMICHBELHA, 1ml OERTT
HED 1EAL0EEMR 10°~10° @ 23 a3 hTn
N, HEROEBEREDICHEINS L EZ b5,
IOLDORBERAD ERRML, MEHLD1/10~1/10°
UTOBWETHS, SHOBEL LT, BrOHEE
BECRT IEWMEVORENBEHRYHEN, Fhtox
FF—EPYERALREL, BHROMEYEED
RTHREL LT ILERD D,

5. FMUSR, FTURERTOER

BEICRWCHFED D VIZEEL TW DA T Y
£ 27T AERR LR, TORBEOEKLD bE



R SHMERANHEER O L AR 85

EERBAYBEOTET DI RO TN 5, Flz
¥ FENCHEL (1970) X, ¥ VIO F+ 544X 1g
WCHIEEAS 10°, B3 107, BBHAR 10 R &L DS
OWMEIHBFEEL, LOWEROTRTEBERLDO—
HAMEARAMETH - EBEL TS, ¥/ CARON
(1982) 12, ATEEFTICB TR LE 77 Y 2E8
(=) v 2/ —) OWMEHAKEASYO MPN 23 EH
DOHKD 10~10* fEICE L, TORRMEHOWEHRD
BN EEREL TS, CEEPKEETHBEYOD
ZVEB TREIBEREL, TWEH, BEHR, T4
— NI X EL OREABIR AN, ¥, BEXKOF b
FTAZALBNTCHEEEYOEHFEL TN DT EBHE
INTED (SILVER, 1984), Zh O5OEBEK T3 B
BT REEBYO ABBHE L TEETHLIE VWAL
b, XD, WARCIBNTT Y 2 298EKC LD
ERINDWMAEYO RS-k, HEiT ks
¥3E MPN %0 HEMICAL 220 FROV EDE D
HoTWBTHA5,

7 2 APEBIC KT D REEOBRE R L AR
RIEFICEL, CORBERRENE IN TS (SEKI,
1972; WIEBEE and POMEROY, 1972), Fhik, 3%
FTHIMBEHBRATICHEIND T Y 2 APHEH
13, MEFHAMEERC L » TREFOERBITTH %,
F 7B K R B L OV B HER O K AT R
EHRIRECHEET 2 L oWsg (FukaMmr, 1983) &

HERTHE, HREBKPCRWTHERRF ) 24X
RPERCHZVEEFEL TR L EZ N, ZO/A
DNV, R TRNEERAOHEL & btk
Mz 50ERH5,

6. WMEREERICDONT

WHEIVSB LU CEERRIROME &4 B8R L
&R (Table 4) TIZ, WERO HARKEY MEDOBRS
RIIMERC LD ZERRA N2, WTFROMEEE
He L THERCHAINTWS, SHERR ef al. (1983)
1k B Monas sp. OMERAEROBR T, MEE
L DEEROMARIEGH L T D, FTLLOMAE
HHEEORERIZLALEZTAWE, MERECLD
KRELEBTHZLEE RLTNWS, WHDFRICLN
W, WERIZ—END 10~75/8 OMELERL, *
OEIREERMIED 30~200%DERICIEHKT S & LT
W5, HMEEABRR S ONW TSRO MER AR
EBY L EBRETI0ERS D, £k, MERAORK
R EECLVES (NISBET, 1984) Z &4 ZEE L
FHriudis b,

WEBAERACEN TR, BED MEEL &R
HETHIHELREEELLEH, TRETORETHE
Flid, KBEBERIC Abh3 k57 BRNHAKE
(CURDS, 1977) RZED BTV, T/, ¥3#E MPN
Bk 2HERE (Fig. 49 R TCIHERC L 25K

Table 4. Decrease rate of prey bacteria, and the maximum growth and generation

time of bacterivorous flagellate.

Flagellate
Decrease rate of bacteria Maximum growth. Generation time
Prey Bacteria 5th. (days) (cells/ml)
Achromobacter aquamarinus 56.3 61.2(%) 4.7X10° 8.3
Pseudomonas perfectomarinus 53.5 71.6 1.3x10° 6.6
Pseudomonas nigrifaciens 12.0 14.0 5.7X10° 3.8
Pseudomonas piscicida 46.4 54.9 1.1x10° 4.4
Vibrio haloplanktis 44.4 48.0 6.2%10° 8.0
Vibrio adoptatus 53.0 63.9 1.0%10° 6.0
Vibrio parahaemolyticus 44.0 49.3 1.6x10° 4.0
Alteromonas comunis 43.2 67.5 1.1x10° 7.7
Alteromonas macleodii 4.5 49.8 1.2%10° 8.3
Beneckea campbelli 38.3 49.8 1.5%10° 8.7
Photobacterium mandapamensis ~ 40.7 54.0 6.3x10° 6.4
Lucibacterium harveyi 49.8 55.4 9.6x10° 8.0
Aeromonas proteolytica 36.4 66. 8 8.5%x10° 6.2
Flavobacterium uliginosum 45.0 58.0 1.1x10° 4.4
Escherichia coli 64.5 78.4 1.1x10° 4.8
Staphylococcus aureus 29.4 41.2 2.3%X10° 10.7
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Fig. 4. Growth of a flagellate on two bacteria,
Alteromonas sp. 1055-1 and E. coli.
r=0.909 Y =0.288+0. 906X

EDRVBRDBERACT L bd, WEHICEIREA
HERIEWENZ D, L5, FBRNKEL OMEEY
WARTIZLRELNTH S,

LU BENICIE BERDO FETIRRSNT, BED
MEHA BN 50 R BP T2 R BEIRTNS
(ENZINGER and COOPER, 1976; GUDE, 1979; YAMA-
MOTO et al., 1982-a, ~b, 1983; MALLORY et al.,
1983), T, HEHO HEBAC L - T BEENcE
CiedD TRV, L5, MEROBEYEALED
MHEEAPHERAERCI D EES R, MEO MR
EHAREDONG VY ARBETHZ ek, HHEON
ICHEBEOEENEL L D TEL D, +ihbh, WE
BOMBEHAEARMEROTERY —ED L ~VicHl
HTHL eI, ZOMBENLIR: LTHEEOEIC
PHEEHZHBDTH D,

7. ERERICHITBHEE

MEZRBRE UCHAT2E93E L 0 3 D54
BNTWD, TliE, THEOEYED TR A MR
BHEREOLIRMNBICHY, $iED k> kEs
BLTWBDTELS, COHICONT, BEBICEEL
THI,

KRB KL EET 2 & E ORI ER
BELL, KBl ahk ks, —BicZoBRRiZ
WKOMBEIEA & ITN TV B, OB MEH &
MEABYERS MESEMEER A 50 MEMET H
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Do LadilKiie s\ Cid, B S Eeme
TR CONBFEAOHELZ T TS (YAMAMOTO
et al., 1982-a, -b), X BT Z OHBEVERD KL,
FEBYOMBERAERCEKET I EnH LA h
T % (MCCAMBRIDE and MCMEEKIN, 1980), Ll L
DT enb, MEBAMRAERYR, BRPOBREYR
BB THERLENCI Y o — T 2B RAE
ThBLUESTBZ &R TES,

Ibic, RARWKICHERL MBS 888cES T
BRICDONTH, HETERZL S, FESBYOWE
HAERCEKET DEARIE Y, Lrd, KhEKkD
FET5EEOMBERIC L MEELLCIEELRL
T3 (YAMAMOTO et al., 1983), §E- T, MEmMA
HEABYRIMER BN fo—1vT 322
hz <, MEHAERCL VAL 2RIk - CHEEM
ZE, TbbMEROENT L bEET 5,

MEFEAEAR, MRy tn—n
T BT TR, Fl2E, ¥ MY 2 208 EEECE
WTHSFERAZ XL LCHTORMER CTH 2435, M
HEMERAMRAEYEOEARICLY, FONMEME
FOREIND Z ERH BN TWS (FENCHEL, 1974;
SHERR et al., 1982), Ziuz, MEHO KB 3R
X o THEU 2REGEHEORIFLTH 5, MBERD A TH
JEL e B AILRE OB &0 bRBHERIMET LT
W s, MEHRERLZ0 B4 CRBEER—FL
NUVEHH SN THARE L DHERREBEIND, &
bIT, ZORBICHE U CHBERRESR LD, HRE
MIR—ERELHEF LTI B2 N5, bbb
HEBAEFEAESYZ, TOBAFRACL VHEROR
BRI REET S,

MEMAEEEEYL, REFHECERET 54
BENWEBZDBND EnD, MOMBEHAEEN LD
b, MEHAZE LCOREPBEREE CHS, £L
T COFEEHYFHICENTHERIL, 0 HK» E2E5S
7, BHEEE COLEBMR, RUWHAREL S o%k
BEb, BHEOBREYEBRC KT IMERAELLT
DEREICHBRASVWEEZORD, DT, FaE
KENT, HMERANEERRZLVBROAYERS S
WA DR DAY BRT S —B L LTEE
MBLCHDENZ D, 518, OMBERHAEYD WX
HETEMD MEYO £BE KR T52 &0k
0, COWTRDERLEITHT B ARG E IR
PR DD LB THES S,
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An outline of ecological studies on ciliated protozoa
in the aquatic environment

Masachika MAEDA**

Abstract: The grazing food chain which starts from primary producers and extends to
consumers is a main process for the transfer of organic materials in the aquatic environment.
In this process the populations of consumers, zooplankton and fishes, are regulated by phyto-
plankton biomass, and it is said that zooplankton can not obtain enough food on many
occasions if phytoplankton is the only available food for them. The detritus food chain is
thought to compensate for this deficiency in supply of food. Heterotrophic microorganisms,
such as bacteria, zooflagellates, amoeba and ciliates are the main components of this food
chain. Although many works on the ecology of tintinnid ciliates have been carried out by
marine biologists, non-loricated ciliates such as gymnostomes, oligotrichs and hypotrichs which
are the predominant species among the microorganisms present in the detritus food chain in
sediment and water have not received so much attention. In this paper the ecology of ciliated
protozoa in the aquatic environment is briefly described and generic descriptions of oligo-

trichine ciliates, which are common species in the aquatic environment, are also given.

JEAE#NE = & LT Sarcodina (R'E $138), Mastigo-
phora (HfE #:%H), Sporozoa (BT H%H; Apicomplexa,
Microspora, Myxospora, Ascetospora % &%¢), Cilio-
phora (BEHEI DI X > THRINTVWER, TE
TN—TD—D>THHBBRETH, TnETIKEAE
ERERY 4,700, FEE 2, 00EERTMIN TN 5,
FEHIFOE FOBREIILUTOML TH 5,

1) P L EFRO—FCBBELRE T 5,

(2) #HEREEEITIZ infraciliature 23FET %,

3) K, PIEOZRBIEORERET B, A ETHRK
RHREAFITES U, ARSI G
BIENERET 2,

(4) FHAFECTRAEBROMY & b7 5 BAR OB
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D,
(5) Astomatida, Suctorida %K< KE DRI D%
REL, RIS 5 WITBHERERS Y BAT 5,

'

BERCBENARFREERYEZ AL THELS 53
DR, ENFARELD REHLY BT BEL 5
2B, ZLOLOREY, FEHEEEYEBRALTEER
T5, TOPTHREDEMIEENFEAEZTHY,
BN, MR, T 2 xEERAT, HEREBES
OMIEFIRIZE—HER L D REENEREAR Y ER L
LA RT D LA BTV D (HARGITT and
Fray, 1917), fhicBRoiEemift s Bad 5 B
R, EOIEHEWHMERBEEYIRD ARSHEAKDO B O
(Frontonia B75. E) 730, Didinium Bl DX 5wk
D 2~ 3fEAKD Paramecium % {3 % carnivorous
MEROZHHREIN TN D,

Didinium 13 Paramecium DOIFEICEE L toxicyst &
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X O pexicyst & XITN B “RBIEO#A Paramecium k&
NICFIL S, ZOHEACLYVEENOE S S Ll
%, OB ACTERCTD ANS, EEEEETHD
Suctoria 1% tentacle &% D%Hiicd 3 haptocyst % Fi
WTHLIE AMERL ER L, WLELHASkAR
RO 2, O tentacle IRFAA L U & 70D WAL
OIEATHRAE I NI A YR ERICHR I R B,

BMELD N EEL HRE T H 5, 2FHE R
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DEEN DA, ZORAT RRA pH 1 2 R E T I&
L, BRINABEYZ IR, FOBRARALIZE
WU YIS E TRET 52, C oRFicRiEE
BB EBEREZRE L lysosome RAEA L, AL
A LAY E ST 5, RLREY & A K akZmi
JEFAE CEE A BA L, SRR TERR L e s ks e i
SNb, BROERL DN E TOBREL 1~ 3T
b,

BERDO S 2BHERELY DAL bR GRERYY
HAALTHIET 5, SOLDO and MERLIN (1972) I
WEMTER Uronema, Miamiensis & Parauronema O
HFEEHICOWT 8E Licdd, 0 BRI 73/
B BRREEN, BHELEX I VETHS, £ OHME
HRBEADT I /BT I REBAEPRTF F OFE
TEBWT LD &< WIET 5, B2 BB R EE O 10
%z Db X b BRERD —DTH D58, Uronema
nigricans IR EY BV ICAREH TR BT E 00,
X7, Tetrahymena pyriformis 377 = v DIENAR,
ORI EBEINT WS (FLAVIN and GRAFF,

1951), HEER AHRECSWT B4 OFEE RSB CES
LW, BIECHE V) B % DR E T HREBERD LN
B3, FERRCHM U 2 BAIIZE S I & 238k
THEBZ N,

5 &

BMEROBREBMRZMICELME, #E, HTA,
T8, FHEHEEED D VIZANEOMEIT I EEHIC
HHT %, KBOBRERREBE 2L b5, B4Er
Br< ARMMICIIEE R OR & HEEkEDO L 0 ik
Tbid, EEMD S DI Suctoria & Peritricha D&
&<, BETIRRBAE OB WLERO & 5 B
E < MBS B2, Vortitella B O, SMEKBIC
FOTh, FERELCEELTEEL, KEBERLT
W5, HHRIFEREOBREROPT, T L TER LY
T2 QRELHCE HBLT 55, BEES LY £
AP HHL, TOHIZ 10°~10* cells cm3-detritus
iz 54355 (F D, 7Yz 2fic KERT
ZEA T 5 hypotrich ciliates 23 LA BAICIIEE
HOERDLNA, MEEAMED scuticociliates 2353 %
T HHAIIE flagellates DD Ehnote, TE LT F
WS T MEA TR, W%k lorica % £E7 5 tin-
tinnids 23 H I N T & %23, % D% BEERS et al (1971)
X D, oligotrichine ciliates 23E< F B £
BT3P oncdnk,

5 #

MEERIZEBEA (type specimen) @ BEA FEHIT
HEECH D, TONEREREERTOBIRE X
CR%Z S &I LT Tibh s, ME RS FIZ18004E(
@ DUJARDIN (1841), CLAPAREDE and LACHMANN

Table 1. Numbers of ciliates and flagellates on suspended detritus in seawater

No. of ciliates

Detritus origin Form Size (cm) Scuticociliates Hypotrichs No. of flagellates
Zooplankton degenerated 0.3X0.18%0.06 19 0 46
Zooplankton degenerated 0.1%0.16%0.02 5 2 4
Zooplankton degenerated  0.15X0.15%0. 02 49 0 73
Zooplankton degenerated  0.28x0.21X0.01 80 2 0
Zooplankton degenerated  0.17X0.09%0. 01 51 0 187
Zooplankton degenerated  0.24X0.17X0.02 35 9 0
Macroalgae fresh 0.17x0.11x0.01 1 0 2
Macroalgae degenerated  0.15%0.15%0. 01 160 0 800
Macroalgae fresh, small part 0.2x0.1x0.01 4 0 139
degenerated
Zooplankton amorphous 0.16x0.12%0.15 0 0 10
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Table 2. List of interstitial ciliates and their
distribution in East Head. (after CAREY and
MAEDA, 1985)

1 2 3 4 6
Trachelocerca coluber + 4+ 4+ + + +
Tracheloraphis O

phoenicopterus
Tracheloraphis prenanti -+
var oligocineta

Remanella rugosa + + + + + +
Remanella margaritifera + o+ A+ . . .
Geleia fossarta . 4
Prorodon vacuolatus N e
Urotricha armata e e e 4+ o+
Coleps tessellatus .+ o+
Lacrymaria coronata + + + + +
Mesodinium pulex e e e e+
Litonotus fasciola -+
Loxophyllum compressum 2 o+ . .
Conchostoma longissimum 4+ + 4+ + +
Scaphidiodon navicula LR S S R e
Cardiostomatella vermiforme + + + + + -
Uronema marinum e
Platynematum denticulatum C e i s
Pleuronema marinum + 4+ + + + +
Blepharisma grayi . e e+
Strombidium cinctum -+ + + 4+ 4+
Amphisiella faurei + 4+ 4+ o+ o+
Trachelostyla caudata + 4+ A+ e -
Trachelostyla pediculiformis « + + -+ + -+
Epiclintes felis + 4+ o+ 4+
Aspidisca binucleata + + + + + +
Diophrys appendiculata + 4+ + + + o+
Discocephalus rotatorius -+ + .

(1858), STEIN (1867), EHRENBERG (1838), BUT-
SCHLI (1887-9), KENT (1881-2) &ic X ) KK DK%
AT b, KAHL (1930-5) XU #ERR Ik,
DIRE S iR R KB I 3510 2 WE R HERE, AR 3CHAk ]
& CERIEERIF R DR, £ ok ottt REHBIT
b ZNEFOFRENER LD, BERSEMED
REXLFBRA DN - R, FEIHRCEL TR
BEL, BEBREROER D KanaL (1930-5) EHFER
D 2L - T 5B,

The Committee on Systematics and Evolution of
the Society of Protozoologists (1980) X % &, #E
B3, 21HICr 0 by, FEEL ITHBREL L
T 4 BB L UEBEEBEREO 2 BBV TH15H
iz 5 BHFREN AR L TS, K21k
EHESA—y v 2 EELC BB U c#E B o/

BN LT, BRI E I L icH 7 b Y & REERE A E
WIS B HFTC, WEHHLD Stap. 5, 6 fHED
FhPYERER A FY RABROFERI KL LD Stap.
1, 2 LHEBELTHIOESZW, 20 X5 B iR
TOBMELHOBBEL B ARD &l b B 5 3%,
gymnostome 7% X X hypotrich /B3 % FEHR £
oo W BB INETOMERMIE X Suborder
Tintinnida Z .0 L CfTbN C& b T TH B,
ZO kS ELRECII tintinnids DO B IEFEIC
%<, ThETHH0RY EREEINTED, T,
Kzl Suborder Oligotrichina /B3 2B R £
BT 3,

Ve |

Fig. 1. Trachelostyla pediculiformis (COHN,
1866) KAHL, 1932. Entire organism, ventral
view, (AZM) adoral zone of membranelles,
(FC) frontal cirri, (VC) ventral cirri, (MC)
marginal cirri, (TC) transverse cirri, (DC)
dorsal cirri, (BC) buccal cavity, (MA) mac-
ronuclei. (after MAEDA and CAREY, 1984).
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MEROERBASEREIZ, &, DBOMNE, BE-
HEORZ, #% - PHEROKLMNERLELEEL L TT
bbb, ¥ERFNIZ gymnostome ciliates X U hypo-
trichs ICE(LT DIV ERLL, i, BERESL
LT cirrus (BE) O EHEA 774, K1 hypotrich
ciliates, Trachelostyla pediculiformis D53¥E L DR
R U7, —8RIC hypotrich ciliates 13 BN 5%
<, REMICRBRESES - T0b, TOHTHM
FEO EHE Z oBEO 4L IR 5, AIM
(adoral zone of membranelles) 1% peristome ([1%§)
&V EE, O membranelles O EEIC L D Kifix
YED S EEMICR DALy, ROEAMRAICES] T 2FHE
12 marginal cirri (MC) &WIZN D, B MLE
3 BHPEILM marginal cirri O HEICHEIF$ 5 ventral
cirri (VC) XU $37 LT W5 4 Iid frontal cirri
(FC) & Xor, m#ED Wi B/ BRSNS LB Ak
frontoventral cirri & #f37, T O #EHRIF AR
ventral cirri ZEELAWT &8 EHT b5, o
%< ® hypotrich ciliates 1% #AD FHEEF] (ventral
cirral row) ZHD, F/, transverse cirri (TC) D&
7, KD EHIICIZ caudal cirri HEET 5 HDHREN,

KEO HHERMHRERO P TELEN IR T 2

AZM

———Ma

~Tr

Fig. 2. Strombidium macronucleatum DRAGES-
co, 1960 (after DRAGESCO, 1960). (AZM)
adoral zone of membranelles or apical mem-
branelles, (Ma) macronuclei, (Tr) trichite,
(PA) peristomial area, (PM) paroral mem-
brane, (PP) polygonal cortical platelet or
polysaccharide plate

Table 3. Classification of oligotrichine ciliates

Order
Suborder
Family
Genus

Oligotrichida
Oligotrichina
Halteriidae
Halteria
Halterioforma
Meseres
Jeannellia
Parastrombidium
Octocirrus
Spelaeonecta
Strombidiidae
Strombidium
Tontonia
Metastrombidium
Strobilidiidae
Patronella
Strobilidium
Strombidinopsis
Lohmanniella
Ciliospina

Family
Genus

Family
Genus

oligotrichine ciliates 1%, HEM: ciliates LIXREL D IR
JE DT, membranelles BREHEF L LV FNTWDE (K
2)o BRIEIICIE FE & L cirri %3 /028, cilia,
bristle 2R3 2dD3H 5, ThHDFHERIE KE
SFE0pm T, HXRALCEL, AERMEOBERL
HELUTES TRV,

oligotrichine ciliates

CORLISS (1979) X % & Suborder Oligotrichina
1iZ 38, I9ENRSL ENT0E, EERFEERCE D
&1 L T oligotrichine ciliates £ Oy BRI 1T/
- 123, ZOFER Buehringa, Laboea J& D& Strom-
bidium J&IC, Cephalotrichium J& & Sphaerotrichium
B D ciliates 13 Strobilidium BB L, £, Meta-
strombidium J&X, Family Strombidiidae B3 2 B
D& L% (& 3),

Family Halteriidae CLAPAREDE and LACHMANN,
1858: /NEUFE, [ADIEEIC BT D apical membra-
nelles D#FIZEAVT W%, somatic ciliature %444
5%, £ OETRMAND bristle &7 T3,
SHICBE L, FLRRKCERT S, BERCHET
DHREDDH D,

Genus Halteria DUJARDIN, 1841 (X 3): {&i2i%iZ
I % 7213 B {&E . membranelles of adoral zone 1%
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Fig. 3. Halteria geleiana SZABO, 1935 (after
MACKINNON and HAWES, 1961).

Fig. 4. Meseres cordiformis SCHEWIAKOFF, 1892
(after SCHEWIAKOFF, 1893).

EG2BE OB L - TBRINTWS, RoFRIT
12 bristle OFIAKTEFRC LD <, KKE, —&
B LD bEMEIR TS,

Genus Halterioforma HORVATH, 1956: #idRM &

W, I fAARND cirral row 23, ERETICIZ
—RKOEW cilia BEET D, Pk,

Fig. 5. Tontonia appendiculariformis FAURE-
FREMIET, 1914 (after FAURE-FREMIET, 1924).

Genus Parastrombidium FAURE-FREMIET, 1924: {&
BIBIFRIBICE R, SmE A AT IR S vk
A RT, AZM BROFOLERL D THCHEL, 4
Bl EHIC N b, EEBREVCRETCES 8D TWY
%o HETE,

Genus Meseres SCHEWIAKOFF, 1892 (X 4): {kid
i L BISIE L D ~— MBI Z{k 3 B, peristomial
area KB\ KB BOBEFIC L 5 T Ebh
T, HAKHE,

Genus Jeannellia TUCOLESCO, 1962: {&R{EHERIZALL
SRR A T T S M B R, WRIEE
GWETEEDI, ¥io, HAADEREL B D,
KT,

Genus Spelaconecta JANKOWSKI, 1975: K2 JifE CH&
KO DRI X » TEEPHOI T 5, buccal cavity
BWNE L, ROEBRBICHET 5, AREHREICIE—
KOEW cilia 2355, £EHTHEAKFICTHLE
hize

Genus Octocirrus RAO, 1928: {RIZ13E B, 84K
O cirri BEEREE LD <, YA PEBRL, H
FRREVBESESEY B8, T0D, TERLD
S, EARANETH 2,
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Fig. 6. Metastrombidium sonnifer JANKOWSKI,
1980 (afte FAURE-FREMIET, 1924).

Fig. 7. Strobilidium marinum FAURE-FREMIET,
1924 (after FAURE-FREMIET, 1924).

Family Strombidiidae FAURE-FREMIET, 1969: api-
cal membranelles DEGFIZE TV 5, somatic cilia-
ture X BE D0, FhiE £ Rk, &
BRCILERBEYRED trichite 2350, 7 poly-
saccharide plaque *R¥F32FEe b5, L IIGE
BTH25, FKCHEES S AT 5,

Genus Strombidium CLAPAREDE and LACHMANN,
1858 (X 2): MIZMSEEKIELE, &5 \WILEEBE

1985

Fig. 8. Strombidinopsis gyrans KENT, 1882
(after KAHL, 1932).

DMHEL TWARE S H B, somatic ciliature 12750,
trichite OEA LR NNV FE#Eb, ¥/, &
23 polysaccharide plaque TREBbILTWHERE
W, HEEM, FAELDEBREINTWS,

Genus Tontonia FAURE-FREMIET, 1914 (¥ 5): X
R, BN AR peristome (D) 23FEBERIC
H b, AZM 1% peristome DLEM|CfIET D (EEIE
WMELORLOVEDLT), BEE2BHN BRIEHL
DAL, REOEECE CHRET 2, HEM,

Genus Metastrombidium FAURE-FREMIET, 1924 (¥
6): {RIZ B, peristome ZITFBFRE L LT
%, adoral membranelles 1% &1L U AU, peri-
stome D% HICHEL » T b, buccal cavity FITHE
AL TW% membranelles i3ftt X ) kK&, BTWE
D% fd peristome @ T HWIC LB T %, somatic
ciliature W&7g\v, HBEEM,

Family Strobilidiidae SCHEWIAKOFF, 1892: apical
membranelles REERICHE L, TOWIIET TH
%, somatic ciliature IZFEZE L TWRWA, MEF%
TE2BE&bd D, MER L THRAKE,

Genus Patronella CORLISS, 1979: adoral membra-
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nelles 12, TOEMB#ELD 7 ) vD X 5 KEET %
EDFVWTWDB, &BEICIZ somatic ciliature 237 5
NI, WBERE,

Genus Strobilidium SCHEWIAKOFF, 1892 (X 7):
BHIAE A & D ¥ { adoral membrandlles 13 B3 - T
Wislh, AR O somatic ciliature 12 AR DHES]
BED, WBER L NHRAE,

Genus Strombidinopsis KENT, 1882 (X 8): #HizH
. & - BHefRBECL - T TW
B, WAKE,

Genus Lohmanniella LEEGAARD 1915, {£13121F Bk
F. apical membranelles IZEE _BOBRIC L - TH
RENTVS, BER,

Genus Ciliospina LEEGAARD, 1915: {&D ZEAMN
HEEL W5, HERE, TEATAZETH D,

BhHOIC

MEHRORFIEEST D LR & &g e
BT 5k, +ONERERE ERETTR S5 LB
bd, Fle, HEREL, BHICHRT DD TRHELIER
WHEERERIND, EERBEROEREBEOM,
BBTIOBENEFAH AT L 2 v A+ —REMRE %
HAHET, TONEHBERE L T 528, kG,
Aa—E—Vs YEOBREBELY AL EEEERLD
RELDERVEZ D LNBTES, BEENELOK
BWHCERD I TRED D & LT KauL (1930-5) %
bIFBZERTEAR, KauL LEd £ O FiEoH
BT TED, Tk, KAHL KK H&E WA bt
TRV, KEEBFRLYITRS LT, ZhbEYRDS
HERRIATROERTH 52, HEOHERIEFED
HEEX DHBTL T T HOICAERZ VTR TELT LB
OB, ZOSMBRERT- LBICHELLRE
T OIEER, LEMLEDbRB,

BEARC BT 2BEROSGEE, AR, BHEEXS
DVREAYOBES COWTOABERIVEET5
LRWZIRWL, BICBERS GO R BEYE
BRI LOBSA &/ TV B, SHROBHRERS S
LD g - EAHEED key animals ® —D2 & L TOHk
FEHOABNERSTIONPCIND D LEEZ D,
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Some problems in the identification of free-living amoebae

Keiichi IsHIr**

Abstract: One of the knottiest problems in recent protozoology is the specific identification
of naked free-living amoebae. Yet SCHAEFFER (1926) insisted most free-living amoebae can
be recognized as easily as ciliates. This is true, but only after one has learned how to recog-
nize amoebae. Now, a useful background on the taxonomy and systematics on the principal
genera and species of amoebae may be obtained from the recent publications, nevertheless ¢
great many unknown species remain to be found, described, identified, and classified. There are
presently less than ten amoebologists in the world today possible to recognize the large and
middle free-living ones. I shall discuss briefly how the current matter remains to be able to
readily distinguish them for most investigators, that there exists much disagreement and
controversy about the morphological contours of sufficient permanency, the confusion of
pseudopodial terminology, and comments on the laboratory cultivation.

FUe(c

BT A —/OREIE MULLER (1786) 23 BRT, #5
504Ef4 140 T EHRENBERG (1832) #3 amoeba D%
T EVWD, HROMEATHRERICT T 1004
UFOBNES - oo 23T LEIDY (1879), PENARD
(1902), CasH and HOPKINSON (1905) @&/ 7 5 7
BT e BRI A~ 11, 55, BBETH - Ko
# Dt SCHAEFFER (1926) ZEHEALO K « hEl 7 #
—sN 30, BEOMECEHLT, REC 5H 198
KHEEL, RUDTERYESRE G2 /0, KO HEHE
WRHMET, 7TA-DEYOMFER LT, L L
BROEHRI I BOHRIAT, thoEEBYRTIEIE
{ZZ b & 5 IR b0 ERW 2D Th %,

IR PAGE (1976) Rk B X OF+HEET 2 —o3 120
% 128 42)8%, BOVEE and SAWYER (1979) 13¥gEE
76TE% 168} MBS, L0 HEUAEHIHALTIN
LAt £ LEEetal. GRFD 72 ) HE

* 19854E 1 H22H % Received January 22, 1985
BRI EYENRE
Laboratory of Biology, Hosei University

HEHESLDHEHIRTNINART TH 5, —F, HE
HEET A —NORBENZE L0, DELET A~
T2 SINGH (1975), GRIFFIN (1978), BYERS (1979),
SCHUSTER (1979), MARTINEZ (1981) 73 Tlf7&h,
EHAFRRT A — b FARY & FEiRICED FES
TELTEL L - T,

LL, TRBEEDXM TS, H
HHE (criterion), FARE-PHOLBAZE, B4
—BEL, BRELCHAEZEEREE T 5, £OFKR
A& LTC: (1) SCHAEFFER IO FHELEE HEE

MEIL, TR BIEKEESL 130, L 800N e k.s
LEbNhE, (2) BEEREHELE#ET, I<{ELXT
24 TEEABRER T -7, (3) TTRT A —REEL
o388 (characteristic) L2 L <, xDHEAL

ML DBEEE L ECT 5 RBENREE!
HULLEHLLTWS, (4) TA—OREBABNRELL
Rgi—C, HEEDRIE(CoxX, 1980) “i#E f %8 (CORLISS,
1979) OFEMHS LRBROERD D, (5) WEPLDD
2EE 5 (Proteomyxa) 7 & O L /v —7 DM
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(amoeboid) & EFD BHRMS B\, (6) MEED L DE
LERERERD CERT, BREOMAEREBIESE, £
RO DOBREEEED TV, (7) 19604 LIRTO LR
1BIE LA EEREERL TS, (8) Wh¥ BT # —s
OEEMNORENRIML TS, MERDD, ULLEDD
b, BICEETEL UbhsiE, /e, BRELT,
BRATT * —"QRELTALDICRED L D/ HE
MHBENEHEELTHLI,

#8287 A —/\ (naked amoebae)

BbHFLW BEAEYO HEHE%E (LEVINE, e al.,
1980, INOKI, 1981) ik B &, B7 A — N RER L
1D Lobosea fi® 1 il Gymnamoebia CH¥49 5,
L L Leptomyzxa, Rhizamoeba, Stereomyza 75E D
FiB3 % Acarpomyxea fi%x & & 508 5 4> (BOVEE
and SAWYER, 1979), iR & OBA S BIRET 7\,
B BN E D DIRERT A —/3 (tested amoebae) T,
3% Cochliopodium (LEVINE et al., 1980) < Hyalo-
discus & BBT A —Ne 3D NERD-T, LAL,
EFEDEE T Vannella DEFICHREIEREE (scale)
MHER TN, (HAUSMANN and STOCKEM, 1972), %%
W T Cochliopodium % Hyalodiscus O #7553 Thec-
amoeba %2 Gocevia, Mayorell, Paramoeba, Vexil-
lifera, Pseudoparamoeba 75 & % ® J& T tectum,
scale, glycostyle coating 7% & O BENHERI N DD
B, TOHFIET I TERLL TS, LEVINE et
al. (1980) 12 &7 A — N2 ERERE XD E&T52
L LU T 573, Filamoeba, Echinamoeba, Stachy-
amoeba 7t &% “truly filose pseudopodia’ F D &\
% (PAGE, 1976), BOVEE and SAWYER (1979) @ filose
DRFR AREREEALT, TA—O ST 20
Lobosea & Filosea O#O <, WMORXHT 5P 5
THb,

RELITE

FEME R LR LERRES LT 2 — "D REMY
R EEH50, HUD2~3EDEATHLIMNE
Ada, ERFEDOT A —NBIEFREENZ 50E 50,
ERERA RS b VORBENREET 572, BEETICT A
—NOFEEIXTE LV, KIRBY (1950) & MACKINNON
and HAWES (1966) DI HABYORE, HHE, 8
Lihic B 4 2R BRZVWE S THD, HEFEIR PAGE
A9BD ) —7 Ly F D&, PAKRLLET 4 — TR
PAGE (1976), EEETIZ BOVEE and SAWYER (1979)
RERE L RO S E D, EEE NISSENBAUM

(1953) 23, Jemlz—fM7 CLARK ed. (1973) @M
Pappas (1954), PAGE (1967) 2MEIMD, TN HDIT
Bz MR I AW 2ok 5 Ahboik: 9 HRERD
121X 1/3 BUT O ZEKT 2, RESHICHEFST S
KE, BEOWE, hBRERRESEILIOL, £5
ThWwbD L, E—@EFR»L 2HEET S, JKTRT
SRR ERNACERERARO L E SR T 5, LT
—NTRIBOERELIT D, 74— SRR
0B (—BIck26°C) KHVWDT LORESLE
ThHAMETH 5,

BERISEHOMMEERID &, RIRLERT 2, AR
D% FEERHBFER, RKT # — SHEEEEREIZ LR
TCER BRI EIER 0.2~0.3mM, pH 6.6~7.2 D%
OEREFTRAT D, TNTRI LA KHEDO S TH
Z e (PAGE, 1976) W82 5, KRMMEMD - i
FE LT A —NTiE E. aerogenes 721t E. coli %
BTECERE L 0.6~1.0% BHMEXFRLES, A
oo fiEmth 7 4 — 3, ML DB L WA,
1. 0~1. 5% W% Hi#iFEXFEHR (NN-agar plate, overlay)
Pl g 3% L &z Tetrahymena, Colpdium, Para-
mecium, Chilomonas, Chlamydomonas, volvocid algae
RHEEHEOI bAL 1B IS EEL P BN 2
Bo BN DERERPERBRERLEA LN LA
REUTH D,

4 (contour, body outline)

TA—NF—EOBIC 2B EH—-DERER L bitnE
Wb nd (BOVEE, 1953), 1IEDQT 4 —/xD EDIREE
B EHTGEE & AT h, EHRODT L 5238w (Fig. Do
R, TOBD LV EBERAEBEDL A bkl
B33 DM A EA R0, BOVEE (1953) 13 (1) #&E
WKATE LTV BBELE L TWBE, (2) KFiR#EL T
WAEE, (3) HINIMEOEIBIZ S DB TEIRNIR
B, (4) W< Y& LKHTER, (6) 2R OMHE THl
HELTWDHEE, (6) BEOBEDENELE, D6 KHY
LELE, CORERI TV EHT, 20 @&
@), )& @ LG ORENEHT ZHHTED,
BERINASEEREL, (1) RECHZELTHDL, |l
HEHIRLL, ROTEEH LR LALERAORARVWELE
B, (2) TEEETHEL WS EE, (3) HHE,
iz BoveE © (2) wAESEY (Figsl) +%, D
SEH, O ARHICEAYRSE, FIEECHRECE
BOFHHER, v A MK (encyst) CHFEER (lagel-
lation) ®&HBEHAR TNOLEBINT B HER & bRT
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Fig. 1. Polymorphism in Amoeba proteus.

. Moderate locomotion. 2. Monopodial state.

. Slow locomotion. 4. Radiate state.

. Slowly active stage. 6. Floating stage.

. Division stage. 8. Inmactive form. 9. De-
generating state. Redrawn from photographs.

N O W

Wb,

BT A—%, BER, KB, BT A—NEREETE
M K % % (BOVEE and JAHN, 1973), Th bichils
iz, EX (500 #m~¥ mm), K& (80 #m~500 #m),
A (40~80#m), /B (40pm DIF) @ 4200BH%
Bz 35z 803, BT A —/NTREMNTH S, BEXT
A—NEIE &AL S, KRBT A —oNiE A (omni-
vorous) ¥ 77i2 &M (carnivorous) T SiBINy7c Ak
(food cup) ZIEELT % &M (phagocytosis) THEAFT
BH, VRALIRERTIBIRIEINTHD, BXFER
Tl K (overlay) ZUEE L, - I1E D HERERN
WHINSG, HET 2~ WA, Hak #HeX
(herbivorous), #iE &M (bactivorous) 7g & {EM:M 7
AT, AHEREERE KA LHEK, 5295 0.6~0.8%
FERFRMTHAETICERTE, Y2 2ERTHED
£L78%., VWP LLET X —EREKLTHANET 2
=N 1 RR AR THRATHE, B L AESHEARTH
ARl RE, YA MERERT S, DR Fo%E
BEEIIZ 0.5m OSM, BT A4 — iz 01058
EThs,

EHAE (locomotive form)

CHRT A =D 5 R8ERRE (Fig. 1-1) TH
0%, EDXDIEHREIRTHrEENEERRL,
LTLRRBELAEELORVEI ERBEICLOESE &
Do £IT T, FEEZBRTHALRY EHREOZ S 57 £
—NERBDEDICROFETCED R R R EEEE
LB TV,

U BERLEBLZREL, H2BPHOBAEORELH
BT Do (2 74— % HIFAWK (amoeba saline) T
FEBN (TR 5 413 6 OAE), RELT A —/ 513 1,

BT A =R A4~ O BREPTHRAZIRS, (B)
BRI T2 ~ 3Bk, BECEE LT A —1DH
FWENYG L VX CHET S, 294 FI 7 2B TH
A%, Kb CKPCFEEZE, 1/, b T
BT, BB SR KR CTHEBRSEIND T A —s3
12 (6) DHETBEEIR I 70y FTEDD, (L)
—RRCT A —NOEECHEEE RN REY S OR
BERIZ, SMED A 4 V#E; pH (525 pH 6.8~
7.2); KR (&$D35 18~24°C); Yo (MEUCIIEARE
O 601x DITAZE, FRRIZH 6001x DI A %2,
FIMNREFRNMRREBE I —~T « VI LTS 7 4 v2&
—BBHVRRET 4 vE —THEETB); BRI EOT
A=NBFeA 7 uEeNTBEOT I /B, RTFy FPX
YRy, BEBAA VY, DABOREERAITILE
RCEEINhE (RER) 0T, AHOWEBEDZA,
BOGT A = "RBELAWE ECEET S, 6) L
OE, BEEPHORERZBRET I M, £H
WEREDE A ST T A —HHEFE L TERT D &3
HHCH 5, AHEWCHT 2HEEMEOBRMICHE L TRNT A
—F, PRAREORA LRy P CHRELEICKRER
&0, &7 A — "R ERIE D, TRHE
BICLBEHL, Bkt < L3R HULOMHE
AL L &% STEMI THend, ABErETTe
WEFPCEHRL, BEBCHEEENT 2, CO#FEY
2~3EL VRT L, FEIEFHERED FFCH KT
A —=NOLRFRET D, (6) EEMESHEE T FRRAET
12203\ Hyalodiscus, Unda, Vannella, Platy-
amoeba 75 81, BAKEBITEET 4 —/ L I 1/105
WD CRFE R - TR T2 LEGEHRTE D,
IHEINERRRE CEFES 5,

{k1EBY (inactive form)

BEEE R A DT, FICHN » AR EE bR nE
ByikiED REEA #5323, Rhizamoeba, Hartmannella,
Vahlkampfia, Vexillifera,
Subulamoeba 7Y (Fig. 2) @ BTlE, 1313 EERIC
B HDNREND T, BIC rounded form LTINS
Z &%\ (BOVEE and SAWYER, 1979), LaL,
Amoeba, Trichamoeba, Chaos, Polychaos, Thec-
amoeba, Flabellula, Vannella, Mayorella 75 & TiZ
—RHICE L L CHEEN T LI LT, SNELRE
L% (Fig. 1-8) 1Z20 2, BE#EED, - THK
OFEEbRAET D 8% L, KIEBOERIZEHET
BB, TLWBITHEEME LI LR UDAT A —db—

Janickina, Pelomyza,
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Fig. 2. Principal genera of free-living naked amoebae.

Amoeba. 2. Polychaos, Metachaos.

Vahlkampfia.

Thecamoeba, Striamoeba, Sappinia.

LNo -

3. Chaos.
Hartmannella, Saccamoeba, Rhizamoeba, Cashia, Hartmannina, Glaeseria, Janickina.
8. Naegleria, Adelphamoeba, Tetramitus, Heteramoeba.

10. Cochliopodium, Gocevia.

4. Pelomyxa. 5. Trichamoeba.

11. Vannella, Clydonella, Platyamoeba, Lingulamoeba, Discamoeba, Rosculus.

12. Flabellula, Unda.
16. Flamella.

13. Pessonella.

Pontifex, Triaenamoeba, Pseudoparamoeba.
21. Acanthamoeba.

amoeba. 20, Dinamoeba.
23. Stachyamoeba.

BICEKIBL L (Fig. 1-9), FTHHENc A% & KR
LAERVDEIET S 2R (Fig. 1-7), BEODOIHAH
BEBORIERESTELHB LTI ERED, 20D
REOEEZELL LTwaEoBES L Wz L,
BHED X 51, HHNIIC s QA IRE % VE 5 BN Ak
PHFEINZZEREEIND,

FstB (radiate form, radiate state)

T RREOHEPCEORIE L EZ DRTWH, k%
BOT* —N@AMEE RIS LCOEER L BT &
BHIGND X SR, Astramoeba % Dactylosphae-
rium IR EQER Bik3hic, Xbic, ZoEBIED
HHEBibdT e (Fig. 3) b, TA—DHFLINE
BICBMENS L 5ich - (BOVEE, 1953, '64), L
2L, BETRTREO XS ZHERCEED 5 UL JE »
HCBT LB D hsTnd, (1) TA— W H

14. Gibbodiscus.
17. Mayorella, Paramoeba, Flagellipodium.

15. Hyalodiscus.

18. Vexillifera, Striolatus,
19. Oscillosignum, Subulamoeba, Mastig-
22. Echinamoeba, Filamoeba.

THRLFERED, C0BE, WTLEECETS L
EBICHEE URRBRIBAT S, (2) PoEL K-k
FERPTHRICEE L L&, ZOBARHE LS
BRI LBPET, FEERD KRBT AHA R Wb
¥ % heterotactic 2 (GREBECKI and GREBECKA, 1978)
Lisde (B) HLWHIBRMR E RBERETTH—HD
fAES LI VI ERFETE U BN e il & e B,
T NE DT Astramoeba & 280 btz Flabellula,
Vannella 7t E DR EDE TR D (BOVEE, 1964), %
R, (4) Amoeba ®° Mayorella T, PHN
RERYHBIORERK E BT 5L, (3) AE
DEBENREZDT BB, (5) MEDOEA 4+ ViBES
ETbd20WR EFZE3 L, BKEERERS, HiT Ca®*
4 Z VEBEORTN BT H%5 (KIHARA and ISHII,
1985),
CNDDEBREBHEICN D ETEU 2 5 05k
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Fig. 3. Radiate forms.

a. Flabellula symmetrica.
b.  Polychaos timidum.

c. Trichamoeba osseosaccus.
d.  Mayorella spumosa.

e. Cochliopodium erinaceum.
f. Thecamoeba corrugata.

g.  Amoeba limicola.

h.  Metachaos diminutivum.
Redrawn from BOVEE, 1953.

MTHh, TORBLLEOBEEXEL TWELRHTSH
Do FIFEDDNVIEERHOHELLENICAS &
D WREGHRD X< bbb, BfE, BHE (dis
turbed state), F#E (pelagic state, floating stage,
afloat) A (radiate form, radiate state) DIEAS
F#EEL L TEAINTO AR, SHROBHLEXHIETS
FTHREBEORENLETHED, WThIRLTHEELL
SAFEEBOZ LT A =T, ThiFAEo 1ok
ULCTHAEZINDZ LIzERITC, it 6) OAFFEIZERK
RFEERED S 2B ATHWC/EN S &0 D, [
EDRERIFIRLE UTHRE L,

¥ 2 (pseudopodium, pseudopod)

BROEELTA—NOHRET, KB -BhEo
NFMRBTHNDH, pseudes (false, deceptive) DI
Boo "B SEEEEbhD, BT 4 — ORI

BEICHELURRAD BB AABETIREL, R
JEERECE 04U 2MEOSAH MR 38 HE
1& (cytoplasmic extensions) ¢, JERIE LT HED %
EXBER L HIERIN, EHKRT T2
KTDLANL=—7THD, BECRENIHICEE) L 47
# (endocytosis) DAT /L, #HM, BX, Jb ¥
B, 44 VBEEPERE, BEEKRE, SROME
HUTHED HE0C K& (MAST, 1964, NOLAND and

TR
A/\ﬂ
ARt

Fig. 4. Lobopodial types.

1. (axopod). 2. filose (filopod). 3. microspine.
4. acanthopod. 5. furcate. 6. ramose. 7. di-
gitipod. 8. pyramidopod. 9. mamillipod. 10.
boss. 11. flagellipod. 12. clavate. 13. conopod.
14. pharopod. 15. dactylopod.

Goipics, 1967, BOVEE and JAHN, 1973, HOUTEN,
et al., 1981) L, ¥/ SHORIEC EFOBIARE 7
A —=NOEEYEELAATAREROFBMOZARE E
Z b5, - CTEHEOEERRAY BIF (Sarcodina) 1)
EIRAEE (taxon) % PeiEd % REELEM T,

2B (1) #IK (obo), (2) MK (filo-), (3) #RH:-
#IR (thizo-, reticulo-), (4) Bl (axo-) @ 4 BITHy
M3tk (HaLn, 1953; Kupo, 1971; GRELL, 1973;
SLEIGH, 1973; WESTPHAL, 1976; FARMER, 1980).
Blicis > TEENTO FIREREBOBRN B4 #k
(axial core) O HHHMELGED HHED BAL, axo- filo-,
recticulo-, lobo-, myxo- @ 5 &y T 2 HMAITRN DS
(JAHN, et al., 1979; LEVINE, et al., 1980; INOKI
ed., 1981), RIZFEHNT, BRICHET 2 HMEA
i%: (1) myxopodia #RIRH 5V IZHGRIRE & FFIC
BT 2EER LD £ (HALL, 1953; FARMER,

1980), (2) RRELEDYIA (anastomosing) DA HEIC
DWTIE, BE (HALL, 1953; FARMER, 1980; LEVINE,
et al., 1980) &35 (Kupo, 1963, '71; JAHN, et al.,
1979) &, MO E (SLEIGH, 1973) & 3H %, (3)
HLYETI2H0HRRBRCEET DL, HREEE
DOHEBRATEZRN S BN O T D, RIRER
BEPIINE T Tl b F i ifiER 2 4 & CTlHR
EELDEEN —HE LT W5 (WESTPHAL, 1976;

JAHN, et al., 1979), B #EH % E (LEVINE, et
al., 1980) THABRERIBHE R BHMENE &L
LT, AEOERIZBME LTS, (@) RREERIZ
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1iale
04

Fig. 5. A. various types of lobopodial formations:
a. smooth. b. waves. c. bulge. d.~g. eruptive.
h. tractor-like. B. Endoplasmic flow: a. shuttle.
b. two-way pulling.
jerking.

c. fountain. d. counter e.

7m7 4 7 AV MEOHREY D 5 LEHEI RS (JAHN,
et al., 1979) 28, TOBER TNTHREZEONES
RIERILD 2, BHEED X S HFE Tl 2 0 & &
BFINTE e, FRICEL TREBI TR, B
T Filamoeba *° Echinamoeba (Fig. 2) 7713 T/k<,
Vexillifera DERFER & LB CRERH TELV, 65)
SRR o WENR BN T (Fig. 5B-d), FERERIZ
—FHAiE DX b HBHH (JAHN, et al., 1979), kst
WOZEREERE ® Filamoeba DR TRHNAHAA BRI
2rEddbB,

FERER (obopodium)

BT A—SDIRIRIZEAL DX A4 7 ThH D, R
DIERICL D ZHOBRDO LD B, BRICEHT D
bOxKR L (Fig. 4, HE® FHEMD R B
ERIC B2 (e. g. Vannella and Platyamoeba,
in PAGE, 1976, p. 42, 43, 97: Striamoeba, in BOVEE
and SAWYER, 1979, p. 36-38: Clydonella vivaz, in
JAHN, ez al., 1979, p. 162) &\ 5 akic B bL T
HLSBIZERLELED D, SEFOTECEME (e
g. PAGE, 1969, p. 437) T3 HLa< AT, AELLS
LT AEEEL LI EDLTWS, Z i SCHAEFFER
(1926) LIk determinate & indeterminate O [X Fl 23
A XNF2AS, indeterminate DIFRE T HIRRIC/NEEH AL
ABC/PNEIRCTERIND C LIk » TRERBET S
BiH (WILBER, 1946) 23@EE L - %, D% May-
orella, Hyalodiscus, Thecamoeba % DAIE T » —
N ERETHHZ ED, BOVEE (1953) R i bd
B JE B % eruptive waves & clear anterior waves
(Fig. 5A-b) 1w 2 XAl L, FRFiIc£< Blo flagellipodium
T waving R AFE D HE ALK, T &ERHLT

Fig. 6. Modes of locomotion in naked amoeba.
c. rupture. d. in-
e. walking.

a. rolling.  b. creeping.

chworm fashon.

JAHN and JAHN (1949) MERIC X Bic\WEEEE L
T protoplasmic waves #EE LA, Thin D&
D waves X EHIRT HDNYIIETH WV, DX H7B
BErbRETOHE—-FEOR X # © T 45 pharo-
podium HEERAED conopodium * clavate JZ O B
R (Fig. ) TR HCEERLETH D, BT 4 —
o3 determinate & indeterminate O ¥R ZEFSD
1% Oscillosignum OB TH5H” L5 idd (JAHN,
etal., 1979) ZOREBOHTH %,

J =y 7 2% (limax amoeba) DFEHEH S D L fF
PRTCNBH, KKT 2 —SOHIFE LEERER L & R
1 B3 E R 75iE T, Hartmannella % {XF L LT
Glaeseria, Saccamoeba, Cashia 75 £ FfEE UBE7ck
H TR ORI, BEERAS eruptive (Fig. 5A-
d~g) T MIRED steady flow (Fig. 5A-a~c) 1T
X 53D % T (PAGE, 1974), Kb bT Vahl-
kampfia, Naegleria, Adelphamoeba, Tetramitus,
Heteramoeba @ X 5 RFEE T eruptive 2 EH %
BHMET5508 LIELIECDERFERAIN TS,
FIRBOBRELHIc-» TREOHRBLBEEROBEL 7
A—NEEOBEEEOIEORENRETESL, Thb
BWTFRE T X —"ORECREETOEE DT, ¥
BUARELZRRLTEL (Fig. 4~6), ERELZCH
TORMEALREEFEZIBIN NS,

TA—NCHREHED TR A F (uroid) bIREO—FE L Z
ZDONBEELEMTH B0, HBEE (B 0
DOx T HE (ALLEN, 1973; PAGE, 1976; JAHN, et
al., 1979) &, BEORR, &SR E QRGN
5T & (GRELL, 1973) & &0, HAELTIHRINDH
EETEZFE - RETH D,

FHOIZ
FREROENCT A — RO EEMT: BVVED
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SR, ridge, fold, riple /e XD RBHE,; BUEIRE,
R, BHREEN, KBk SoMRENEEY;
HAHEP FhMk, HEEE BEOBO B (RAIKOV,
1982); vz MECHERAMORY, AMIBARS;
PEMAR L L5 2chbiy, BEMAELEAIN
DOHB, LhL, TITTHRALLERI EOMESS
WELTWT, HEOFETHIZH LY, FHOREFC
LHEESEHELRHIRTH %,
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