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Present evidence thus suggests that the produc-
tion of icosahedral VLPs in many multicelhilar algac
may be restricted 1o a short-lived stage 1n the life
cvele. Continued research on such VLI infections
will be required to explain why this oceurs. The pos-
sibility that 1 Latent virus infection may be involved
has recently been discussed in Cylindrorapsn (6).
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ACUTE TOXICITY OF SOME BLUEGREEN ALGAY. TO THE
PROTOZOAN PARAMECIUM CAUDATUM!
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ABSTRACT

Four species of bluegreen algae were tested for possible
effect on the profozoan Paramecium caudatum Ehren-
berg. Toxicity was demonstrated using ophilized cells
of Fischerella epiphytica Ghose and - Gloeotrichia
cochinubata (Smith) Richter. Nostoc linckia (Roth) Bor-
net & Thuret failed to shewe any effects when yophilized
but became toxic when sonified. Anabacna Hos-aquae
tLyngh.) Bréb. was nontoxte in all tests. G. echinulata
was lethal at (.1 mg -mi~" whick &s comparable to the toxic
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concentration uf Aphanizomenon Hos-aqgiae (4. Ralfs
reported for microcrustaceans.

Koy dndex words: Anabaena: Aphanizomenon: bivas-
say: Moom afgue: bluegreen algae: Fischerella: Gloeo-
trichia; Nostoc: Pavamecium; foxie algae; toxicity, firo-
tozoan; toxicity, woplankton; water Moom algae

Muny speaes of bluegreen algae are known 1o
produce toxins. Those species most often re-
ported include Anebaena flos-aguar (Lyngh.) Bréb.,
A/)Imni:mm'rmn fov-aquae (LY Ralls, and Microewstis
aeruginosa Kite, em. Elenkin (4. Primary concern in
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the study of algal wxicity has focused on the effect
of bluegreen algac on cconomically  important
species thit include Gsh, waterfow], and domestic
animals. Few studies have been conducted to eluci-
date the possible toxicosis mediated against freshwa-
ter invertebrates, Stangenberg (1) reports that
Irecze-thawed extracts of M. aeruginesa were toxic to
the cladoceran Daphnia longisping O, F. Miller and
the ostracod Encypris virens (Jurine), whereas Gentile
ancd Maloney (2) showed Ap. flos-aquar LWOXIic Lo
cladocerans Bosmina longarostyis (O. F. Mallery and D.
tatareba Coker as well s 1o Dsh (Fundehi heterocditus,
Cyprinodon varicgatus, Notemigonus crysolencas). Fi-
nally, in a comprehensive study ol bluegreen algal
oxicity toward the ostracod Cyprinotus incongruens
Ramdohr, Mills and Wyatt (6) found 25% of tested
algae toxic. Although there is evidence that some
blucgreen algae are toxic W microcrustaceans, only a
fow reports exist on the ellect of bluegreen algae on
Protozoans. Since these organisms are potential
Predators of bluegreen algace and are also a natural
tomponent ol the aquatic environment, tests were
conducted 1o determine the effect ol four specics ol

luegreen algae on the ciliate Paramecium caudatum
Ehrbyg,

) Anerheenn flos-aquete (NRC 1-h, Novier finckia (Roth) Buorngt &
Fluret (N1 690-438), Glorotrichia echinudata (Smith) Richter (UTEX
1303y, anel Fisehervite epaplstica Ghose (N1 69-32) were ehiined
from e persomal collection of Dro |1 Wvatt, U5, Aty En.-
Yitoumental Tlygiene Ageney. Numbers in parentheses indli-
e his orginal source. Al were growa in Gorham's ASM-1
Wedivm (5) as modified by Gentile and Malooey (23 Eighteen
mﬂh of sterile medinm were placed in cach 201 pyvex carboy and
Mocalited with 1 g owet wi) of alga. The carboys were illuminied
}\ilh voobwhite Tuorescent light at o inteosity of 1400 1x and
Moubiged at 25 Cinoa walk-in incabater. Cottone-tiltered air (2
i ) was buabhibed i o provide GOy Ny and agitation, Alwer
3'(] days the algae were anvested and lyophilized. Nestoe fine ki,
Ficherelly cpiphvice, and Gloestrichia echadata were collected by
Cutitugation 4 3000 x £ & omim dnabeena flos-aguer was ha-
Yosted using w continuaous low centriluge. Al were wished twice
W otemove metabolives and vecentriluged. Upon tina collection,
the algae were lvophilized and sored desiceated e - 60 G Algal
Sapensions for woxieity testing were prepared by adding 1 g
l\'nphiliie(i algn 1o 1 ml Peter's osmotic solution (7Y total fons ca
LMy Sonificd suspensiots were prepared by sonitving the
Algae i Peters solution & min (0 C seting & en a Branson
sonilier (Stamlord, Connecticuty, This resulied o lvsis of ca, OS5
Ol ahe cells and destsuction of the laments. Diletions of 1077
Were made with Peter's solution wheve apprapriste.

Parames iem coudetiom "W, was grown on the axenic medinm of
Solder er ab (. A 5 day calture amid-logh was washed Tree of the
Medium by allowing the parmmecia o migeate upward through
tolam (14 % 510 mm) of sterile Peter’s solution. Ten washed
STganisms were pindomly distibuted o cach well of aspotplae
CHiLaining | ml test suspension. Toxicity wests were conducted at
25 Cinuiplicate tesulting in 30 £, caudanon tor cach algal spedies
and tearment,

The test animals were monitored using a Bausch and Lomb
Sereaomnn 7 Microscope. Death of P caudatem vesslted in the
s et e organism; theretore, counts ol the remaining or-
Banisin were ahen as live connts, Tests at lvophilized material
‘;"L‘t(- Followed Tor 48 1, afier which the controls began showing
iy

Tasre L. Swrvival of Pavanecium cawdatum PW; i presence
of tyophelized and sonified blurgreen algae.
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P, cavdatum (Table 1). Anabaena flos-aquare and Nostoe
linckia were nontoxic at all concentrations. Fuscherella
epiphytica was 10xic within 8 h at the highest concen-
tration but lailed 1o show toxwety when diluted,
Glorotrichia echinulata was the most toxic, causing
death or reduced activity at progressively lower con-
centrations, Nostoe finckia became toxic only after
sonitication. Prior to death. P, cawdatron ballooned wo
double its normal size and ceased swimming move-
ment although cliary movement did not totally sub-
side. Atter death the membrane vemained as a large
cmpty "ghost.” This observation was unique 1o this
algal treatment and species.

Anabarna flos-aquae NRC 1 has been shown toxic
to mice in laboratory experiments, Govham et al. (5)
reporting an MLD ol 640 mg-kg™' of lvophilized
material. However, the results trom our expen-
ments with the same sirain showed no effect when
lested on rats at similar concentrations (unpubl). In
adedition. no apparent effect on P, candation was ob-
served. Our findings are in agreement with those ot
Mills and Wyaat (6), who also tailed to show toxicity
with A, flos-aguae NRC 44 against the ostracod Cyp-
rinatis itcongruens. Carmichael  (pers. comm.)
suggested that this strain loses toxicity in culture
which may be responsible for the negative results,
He and his co-workers recentdy demonstrated that
different clones of A. flos-aquae may produce several
toxins (1} and their mode of action results in block-
age ol elearical impulse transmission across the
myoncural junction. This leads us to believe that
neurotoxin producing strains may be nontoxic o
protozoans which s confirmed by Gorham (pers.
comim.).

Nastar linckia was toxic to mice and gerbils (8) at

The lyophilized algac showed varving toxicities to
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doses of 600 and 200 mg-kg ', respectively, but had
not previously been tested against aquatic or-
ganisms. Our results indicate that whole cells of N.
linckia failed to produce toxicity but become toxic
upon sonification. This is probably the result of an
endotoxin which is released at cell lysis. Under natu-
ral conditions one might therefore expect it would
only be toxic if ingested or rapidly lysed in large
quantity. Since N. linckia is not a common “bloom™
alga, ingestion is a more likely route ol intoxication.
The swelling of P. caudatum may indicate a change
in the membrane permeability reminiscent of the
swelling observed during uncoupling of oxidative
phosphorylation in mitochondria (unpubl.).

Gloeotrichia echinulata s 1oxic to vertebrates (3) and
Cyprinotus incongruens in live culture (6). Gloeotrichia
showed the highest level of toxicity of the four tested.
At the lower concentrations death was not noted, but
swimming activity ceased and ciliary movement was
greatly reduced. The toxic concentration (0.1
mg-ml~'). compares favorably with the findings of
Gentile and Maloney (2) for Bosmina longirostris
using Aphanizomenon [los-aquae. They report survival
time of ca. | h at this concentration, and we have
shown death for P. caudatum within 2 h using G.
echinulata.

Fuscherella epiphytica was toxic to P. caudatum with
or without sonification and has shown extremely
rapid toxicity to C. incongruens.

In general species which are toxic to microcrusta-
ceans are also toxic to P. caudatum. The concentra-
tions necessary to demonstrate  toxicity to P
candatum vary with the species of alga. This might be
attributed to several as yet unproven causes, which
include: a) production of toxins which are distinct
from one another operating either at different sites

J. Phycol. 14, 116-120 (1978)

or at the same site with different elficiencies: b) dif-
ferent relative amounts of the same toxin among the
species: or, ¢ differences in availability of the tox-
in(s) as different species may bind the toxin more
strongly.
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reading the manuscript.
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ULTRASTRUCTURE OF NOCTILUCA MILIARIS (PYRROPHYTA)
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ABSTRACT
The ultrastructure of the Noctiluca miliaris Suriray
from Southeast Astan waters which contains the green
[lagellate, Pedinomonas noctilucae (Subrahmanyan)
Sweeney, is in all major respects similar to that of the Euro-
pean strain. New details of the thecal vesicles, pellicle and
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* This paper is dedicated 1o Dr. Luigi Provasoli who once said he
wished to culture every living thing in the ocean, Irom flagellate
to whale, and in a large measure he has succeeded.

underlying microtubules are presented. The possibility that
the lipnd vesicles are identical with the strongly f)hm‘f’-
retarding bodies in the surface cytoplasm, some of which are
“microsources” of bioluminescence, is suggested,

Key index words: bioluminescence; dinoflagellate; Noc-
uluca; Pedinomonas; phytoplankton; symbiont; theca

Noctiluca miliaris Suriray is a large holozoic marine
dinoflagellate found worldwide, even in the Chuk-





