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The mass nlortality of fish off the west coast of 
southern Florida has attracted widespread attention 
since 1946. These catastrophes, commonly called Red 
Tides, have been associated with the high incidence of 
the marine dinoflagellate Gymnodinium brevis Davis 
( 1 )  in the plankton populations (2, 3).Other investi- 
gators have reported conditions associated with these 
plankton blooms (4-8), but the study of this protist 
has been curtailed because of its sporadic occurrence 
in nature and the difficulty of maintaining it  in lab- 
oratory culture. 

Preliminary field investigations and culturing of a 
related species, Gymnodinium splendens, provided in- 
f ~ ~ r n a t i o n  - G. brevis.that simplified the culturing of 
A nlediunl composed of sea water, vitamin B,, (0.05 
r-~g/100 ml), and Ban Niel's (9) medium for  sulfur 
bacteria (diluted 500 times) produced a culture con-
taining more than 2500 cells of G. splendens per mil- 
liliter from a n  initial inoculum of two cells per milli- 
liter in about 6 wk. Gymnodinium brevis responded 
better when the components of Van Niel's sulfur bac- 
teria medium were diluted 1000 times and the vita- 
min B,,was increased to 0.1 pg/100 ml. The vitamin- 
B,, requirement of algal flagellates is discussed by 
Hutner and Provasoli (10). Vitamin B,, was required 
by dinoflagellates grown in pure culture by Provasoli 
~t al. (21) and by Sweeney (12). 

Using the latter medium as a base and a standard, 
we tested inorganic compounds, organic compounds, 
vitamins, and extracts of materials known to occur in 
nature, f o r  example, soil and fish. By adding Florida 
peat extract, results were improved, but repeated es-
pcriuients gave inconsistent results. A hot-water ex-
tract of beef liver further increased growth. We later 
substituted thiamine and biotin fo r  the liver extract. 
The addition of the disodium salt of ethylenediamine 
tetraacetic acid (EDTA Na) ,  a metal buffer, (also 
designated ethylenedinitrilo tetraacetic acid disodiunl 
salt) increased the reliability of growth and resultetl 
in the medium of Table 1. Soil extract, a more gen- 
crally available material, can be substituted for  
Florida peat extract with a slight reduction in growth. 

The conditions that we employed for cul tur i~~g G. brevix 
are as follows: (i) Screw-cap test tubes 13 mm by 120 
mm without liners were used for most experiments. Mass 
cultures are grown in erlenmeyer flasks and 5-gal Pyrex 
bottles with pol~ethylene co~ers  (prepared by heating 
polyethylene sheet aild then molding over the 
mouth of the container). The glassware is cleaned by 
immersion in alcohol and sodium hydroxide solution, al. 
lowed to simmer 30 to 40 Inin in a solution of Cleaning 
Compound, No. 3298 (Arthur H. Tllomas Co.), and rinsed 

10 times with tap water and 15 times with distilled water. 
Extensive rinsing is employed since erratic results may be 
caused by minor contamination. (ii) Sterilization by 
steaming for 30 mill on three successive days is optimum 
for the growth of G. brevis. McLaughlin (13)  shortens the 
time by allowing 4-hr intervals between three 1-hr steam- 
ing periods without affecting growth results. Aiitoclaving 
produces erratic results. Growth is more consistent if 
inoculation is delayed for 4 clays after sterilization. (iii) 
Aged sea water fiom the Gulf of Mexico [salinity, 36.5 
parts per thousand (ppt) ] was used in all experiments. 
The salinity of natural water containing high concentra- 
tions of G. brevis is usually between 32 and 34 ppt. A 
mediurn prepared according to Table 1 has a salinity of 
approximately 32 ppt. (iv) The temperature was usually 
maintained between 26" and B8"C, with as little variation 
as possible. (v) The pH stabilizes between 7.7 and 7.9 
after sterilization. The pH of our aged sea water was 
between 8.1 and 8.2. The decreased pH is brought ab'out 
by adding BDTA . Na. (vi) White daylight fluorescent 
tubes, 40-w, were used to maintain a light intensity of 
175 to 300 ft-ca. (vii) Neither agitation nor aeration is 
required for growth. (viii) G. brevis was isolated into a 
unialgal culture in September 1953 and has been continu- 
ou~ly subcultured since that time. Cultures usually reach 
maximum growth in 6 tvk. 

By substituting a group of trace metals (Fe, Zn, 
Mn, Sr, Rb, Mo, Co, Cu, Cr, Ti, Al, Si, and Zr) f o r  
soil extract, we obtained a rnedium that supports good 
initial growth of G. brevis, but continuous subcul-
turing has not been successful. Titanium and zir-
conium were added to the mixture, although they are  
not normally present in measurable amounts in sea 
water (14), because these metals were found abun- 
dantly in water of G. brevis bloonls ( 7 ) .  

Investigations led us to believe that heavy rainfall 
and subsequent river discharge are instrumental in 

Table 1. Medium for the nnialgal isolation of G. brevis 
Davis. After all additioils are made, there is approximately 
110 ml of me~lium. 

Agcd sea water (salinity, about 36.5 ppt) 
Distilled water* 
NH,Clt 
KH,PO,t 
MgC1,. 6H,Oi 
NaHC0,t 
Na,S . 9H,O r 
Vitamin B,, 
Thiamine hydrochloride 
Eiotin 
Soil extract? 
EDTA .Na (6 ml of 0.25-percent solutioll) 

* More or less may be required, depending on the salinity. 
f Added as 0.5 ml of the following solution of the compon-

ents of Van Niel's medium for sulfur bacteria: NH,Cl, 0.2 g ;  
I<H,PO,, 0.1 g ; RlgCl,. 6H,O, 0.04 g ; NaHCO,, 0.1 g ; and 
Na,S. 9II,O, 0.2 g to 1 lit of distilled water. 

8 Simmer for 40 min a mixture of 500 g of garden soil a1111 
1 lit of distilled water. Let it stand for 4 days and decant 
the supernatant. Repeat simmering and decantation until ex-
tract is clear. Our soil gives a yellowish-brown extract. 



initiating a bloom of G. brevis (8, 25, 26). On the 
basis of this belief, we conducted culture experiments 
whereby mediums were prepared by adding river 
water, extracts of peat soils from the western Florida 
coastal region, or both, to sea water from the Gulf 
of Mexico. Sea water containing 4 to 1 0  ml of river 
water per 100 ml supported limited growth of G. 
brevis. Seven to 10 ml of river water or peat extract 
per  100 ml of sea water is better, and peat extract or 
mixtures of peat extract and river water a t  this con- 
centration are more productive than river water alone. 
The addition of vitamin B,, (0.05 pg/100 ml of 
medium) improved the reproducibility and growth. 

The conditions in a bloom of G. brevis often led us 
to believe that fish which had been killed and subse- 
quently decayed imparted nutrients that helped to 
perpetuate the bloom. We designed culture experi- 
ments to determine whether extracts of partially de- 
cayed fish promoted growth. The results of these ex- 
periments indicate that the extracts contain one or 
more growth-promoting substances. Robinson (17)  
lists fish, or portions thereof, as  containing vitamins 
B,,, biotin, thiamine, and other B-complex vitamins. 

Laboratory cultures of G. brevis have attained 
homogeneous concentrations exceeding 2 million cells 
per liter. This concentration is f a r  below the highest 
report (2,  3) ; however, the values cannot be com-
pared. Among other reasons, G. brevis in cultures con- 
centrate to form masses that we disperse by shaking 
before making counts. A similar tendency to concen-
trate, but on a larger scale, may be expected in nature. 
Counts of a sample from such a concentration would 
be high. Ketchunl ( 5 )  considered a tendency of the 
organism to concentrate as a possible cause of high 
surface organic phosphorus concentrations. 

Mass cultures of G. brevis maintained in this labo- 
ratory are  toxic to fish. We conducted toxicity experi- 
ments using Mollienesia sp. and Mambras vagrans as 
test fish. Controls consisted of water taken a t  the col- 
lecting point of the fish and unialgal cultures of G. 
sple~zdenscontaining more than 2.5 million cells per 
liter. All fish died in the water containing G. brevis, 
but none died in either of the controls. This experi- 
ment was repeated with the same results (18). 
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Visual Detection o f  Temperature-Density 
Discontinuities in Water by Diving 

Conrad Limbaugh and Andreas B. Rechnitzer 
Scripps In s t i t u t i on  of Oceanography,  
La Jolla, Cal i fornia  

j ~ i r e c t  visual oceanographic observations of subsur- 
face physical phenomena, fornlerly probed only by 
instrumentation) have gained impetus and have at-
tained a much higher level of significance since the 
advent of such self-contained diving equipment as  the 
Aqua-lung, Representatives of many of the scientific 
disciplines who participate in the study of the oceans 
have found a variety of uses f o r  this direct method of 
observation, sampling, and measurement. Extensive 
free-diving research activities are carried on through- 
out the year a t  the Scripps Institution of Oceanogra- 
phy. The observation potential of the diving method 
of detecting, delimiting, and describing the tempera- 
ture and other physical characters of water masses 
is, we hope, exemplified by the findlngs recorded 
here (1). 

I n  certain areas, including places where the use of 
the bathythermograph (2) is difficult or ipconvenient 
and where the water-mass pattern is on such fine scale 
that ordinary bathythern~ograpli lowerings would 
likely miss important features, the thermocline and 
other phenomena can be detected visually and sen-
sually by divers. Investigations of more oceanic waters 
by diving has bzen limited, but some information 
about the interfaces a t  thermoclines there has also 
been obtained ( 3 ) .  

Visual detection of the thernlocline (or thermo-
clines) and of water-mass differences have been 
achieved in several ways: (i) indirectly by observing 
the vertical distribution of living organisms-and other 
suspended particles, (ii) by viewing the refractory 
plane a t  the temperature-density discontinuity, and 
(iii) by the "stream" lines (refraction patterns) 
formed during the mixing of water masses of dif-
f erent density. 

Frequently, plankton and leptopel (4)  accumulate, 
so that they are readily visible a t  the temperature- 
density interface, where they are detained either 
above or below the discontinuity by the difference in 
water density. The groups of macroscopic animals 


