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‘Red Tide’ is a popular name given to discolored waters caused 
by the aggregation or tremendous increase (blooming) of micro­
scopic organisms. This name was evidently coined for the phe­
nomenon occurring along the west coast of Florida wherein a 
species of dinoflagellate, Gymnodinium brevis Davis, periodically 
‘bloomed’, discolored the water, and resulted in ‘fish kills’. The 
term has been in widespread use for the past eight years and it 
is now used for nearly all biological phenomena resulting in the 
discoloration of waters even if ‘fish kills’ do not occur.

Among the micro-organisms responsible for ‘blooms’ are bac­
teria, diatoms, algae, flagellates, ciliates, chaetognaths, and certain 
crustacea. These ‘blooms’ occur all over the world in both fresh 
water and in salt water, and the discoloration caused may acquire 
brown, yellow, greenish-yellow, green, blue-green, amber, red, or 
other hues. A variety of terms has been given to discolored 
waters including ‘red water’, ‘bloody water’, ‘red plague’, ‘yellow 
water’, ‘stagnant w ater’, ‘rotten water’, and ‘poisoned w ater’.

Gymnodinium brevis, an unarmored dinoflagellate, has been 
incriminated by its association with Red Tides in lower Florida 
west coast waters. In a number of cases since 1946 ‘blooms’ of 
G. brevis have been associated with catastrophic mass mortality 
of marine organisms. Ray (personal communication) has grown 
G. brevis in bacteria-free cultures and using these cultures he 
has killed fishes experimentally in ae [naria where the bacterial 
count remained low. Howell (1951) identified Gonyaulax monilata 
sp. nov., an armored dinoflagellate, as the causative agent of a 
Red Tide on the east coast of Florida during August-September, 
1951. A minor fish-kill was associated with this Red Tide. Beili 
(1954) described Flavobacterium piscicida sp. nov., a chromogenic 
bacterium, from a fish-kill in Florida waters in which a dinoflagel-
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Figure  1. M ap show ing ‘R ed  T ide’ occurrences in  th e  coastal w aters of
sou thern  F lorida.

L E G E N D
A —  Acartia  sp. H  —  Rhizosolenia  spp.
B —  G ym nod in ium  brevis D avis M —  Gonyaulax m onilata  How ell
C —  Coscinodiscus sp. P  —  F lavobacterium  piscicida  Bein
F  —  C eratium  furca  (E hrenberg) R —  Purp le  W ater caused by  bacteria
G —  Gonyaulax  sp. S —  Skujaella  sp.
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late bloom was not present. At Ballast Point in Hillsborough 
Bay south of Tampa, Florida, a minor Red Tide occurred periodi­
cally during 1955. Fishes did not seem to be harmed as minnows 
(Gambusia) and mullet (Mugil) were seen swimming through the 
streaked areas from time to time. However, shrimp in bait-wells 
located on the fishing pier at Ballast Point died when this water 
was pum ped into the wells although good water circulation was 
maintained. A dinoflagellate, Ceratium furca (Ehrenberg), was 
the predominate organism in the waters examined and counts as 
high as 17,600,000 cells per liter were observed.

In addition to the dinoflagellates Gymnodinium brevis and 
Ceratium furca, the author has observed other blooms along the 
west coast of Florida. An unidentified species of Gonyaulax was 
observed on several occasions in water samples from Sarasota 
Bay near Longboat Key. Blooms of a chromogenic bacterium 
causing ‘purple w ater’ were observed near shore at a num ber of 
places along Florida’s west coast. In one case water with a 
peculiar greenish-yellow color was found to contain large numbers 
of a species of Acartia. Skujaella sp., an alga belonging to the 
Myxophyceae, commonly blooms in the marine waters of the lower 
Florida west coast. During the months of June through August, 
Rhizosolenia spp. has been observed in bloom proportions along 
the lower east coast of Florida by the author. These blooms dis­
colored the water but did not appear to be harmful to other 
marine life. Lackey (1955) reported a bloom of the diatom 
Coscinodiscus in the area around the mouth of the Myakka River 
in 1953.

Hayes and Austin (1951) have stated that discolored waters 
frequently resemble shoals. For this reason the knowledge of 
where discolored waters occur and the causative agents of these 
waters is im portant to the navigator.

The author is indebted to Mrs. Bonnie Eldred for preparing 
the map shown in Figure 1, and to Mr. Robert M. Ingle for read­
ing the paper in manuscript and offering valuable comments.

AGASSIZ, A LEX A N D ER . 1890. T he topography  of F lorida. By N. S. Shaler. 
W ith  a note by  A lexander Agassiz. Bull. M us. C om p. Zool. Harv., 16(7): 
139-158.

p. 158. “ . . . To the  dam m ing u p  of th e  w aters in th e  E verglades,
and  to  the  sudden  outbursts of g igantic masses of w ater charged  w ith 
organic m atter and lime, w e m ay trace  the  im m ense destruction  of fishes 
w hich so frequently  occurs on th e  shores of the  F lorida  keys and the 
w aters surrounding th em .”
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ANONYM OUS. 1881. M ortality  of fish in th e  G ulf of Mexico. A nn. M ag. Nat. 
H ist., Ser. 5, 8: 238-240.

This article  contains excerpts of a letter by  M. A. M oore, w riting  on 
N ovem ber 30, 1880, from  B raidentow n, M anatee  C ounty, F lorida, to  Prof. 
S. F . Baird- M oore reports fish being  killed  by  poisoned w ater. H e states 
th a t the  poisoned w aters seem ed to be  m ore localized around th e  m outh 
of C harlo tte  H arbor and  off Pun ta  Rassa th an  elsew here. Bottom  fish 
seem ed to  be  m ore com m only affected. H e  believes th a t  w ater conditions 
are caused by some sort of volcanic action a t th e  bottom . Also, this article 
contains a sum m ary of the  work w hich is reported  by  E ndlich  (1882).

ANONYM OUS. 1883. Poisoned w ater in th e  G ulf of Mexico. Bull. U. S.
Fish C om m ., 2: 104. (From  th e  Sunland T ribune , T am pa, Ju ly  20, 1882.)

“W e learn  from  C apt. W illiam  Jackson, of th e  steam er ‘Lizzie H en d er­
son’, th a t on his trip  from  C edar Key, T uesday, h e  encountered  a streak 
of poisoned w ater, covered w ith  all varieties of d ead  fish, of m ore than  
a m ile in extent, off Ind ian  Pass, be tw een  C lear W ate r and E gm ont L ight. 
T he cap tain  says th a t a very offensive smell arose from  it, and th a t a good 
m any bottom  fish, such as eels, w ere floating d ead  on the  surface. W e 
opine th a t this fact upsets the  theory  of some as to this poisoned w ater 
being  fresh w ater from  overflow on th e  m ainland, im pregnated  w ith  
poisoned vegetab le  m atter, as th ere  are no stream s of any size (lowing into 
th e  G ulf near w here  these fish w ere found .”

ANONYM OUS. 1885. R eport of th e  commissioner. R ep. U. S. C om m . Fish., 
P a rt II: 68-69.

T he probab le  reason for th e  rap id ly  d im inishing fisheries in th e  Gulf 
of Mexico are given.

p. 69. . . p robab ly  p a rtly  overfishing in p a rticu lar localities, and
partly  th e  num erous pestilences and  m ortalities by  w hich so m any are 
exterm inated. No satisfactory theory  has been  presen ted  for this m ortal­
ity, a lthough  an  in te lligen t w riter suggests th a t it is due  to th e  influx of 
th e  cold w ater found  near th e  sea bottom  at g reat d ep th  even in th e  G ulf 
Stream , w hich  has th e  sam e effect as th e  northers on  the  coast of Texas 
du ring  the  w in ter-tim e.”

ANONYM OUS. 1947. R ed tide  and fish m ortality  on th e  F lo rida  w est coast. 
M arine Laboratory, U niversity o f M iam i, Spec. Serv. Bull. No. 1: 1-9. 

(M im eographed)
A prelim inary  discussion of th e  red  tide  p roblem  in F lo rida  w aters.

ANONYM OUS. 1953. Factors in “red  tid e ” ou tbreak  of 1952. Progr. Fish 
C ult., 15(3): 128.

“W hile processing d a ta  collected during  th e  N ovem ber 1952 outbreak 
of ‘red  tid e ’ off th e  coast of F lorida, th e  G ulf F ishery  Investigations of the 
U. S. F ish  and  W ildlife  Service found  good evidence th a t effluents of the  
C aloosahatchee River are im portan t agents in such blooms. I t  has been 
no ted  th a t activity  of this type  is p robab ly  due  to organic con ten t as well 
as to physical a ttribu tes. E xperim ental work in tanks has ind ica ted  that 
h igh ligh t intensity, v itam in Br>, and  sulfides are some of th e  requirem ents 
for mass g row th of dinoflagellates as w ell as o ther organisms.

“C hem ical analyses th a t have  b een  m ade  by th e  G eochem istry and 
Petrology B ranch, U. S. Geological Survey, show th a t significant quantities 
of titan ium  and  zirconium  w ere p resen t in the  ‘red  tid e ’ bloom  w ater— and 
not in  o ther w aters such as L ake O keechobee, th e  surface of Sigsbee D eep, 
an d  th e  tid a l lagoon at G alveston.”

ANONYM OUS. 1955. R ed tide  bacteria  studies. Sth. Fisherman, 15(1): 16 
& 58.

A popu lar account of the  bacteria l studies being  carried  out in connec­
tion w ith F lorida’s red  tides.
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BAUGHM AN, J. L. 1947. A n  A n no ta ted  B ibliography o f O yster’s w ith  
P erfinent M aterial on M ussels and other Shellfish and an A p p en d ix  on 
Pollution. Tex. A & M R esearch Foundation , 794 pp.

This w ork contains a num ber of references on th e  red  tides of F lorida.

B EIN , SELW Y N JACK. 1954. A study of certa in  chrom ogenic bacteria  
isolated from  “red  tid e ” w ater w ith  a description of a  new  species. Bull. 
Mar. Sei. G u lf and Caribbean, 4(2): 110-119.

“ABSTRACT. E xperim ents perform ed w ith a chrom ogenic bacterium  
designated  as Flavobacterium  piscicida  (sp. nov.) indicates th a t th is organ­
ism in p u re  cu ltu re  is capab le  of killing certain  fishes under laboratory  con­
ditions. This organism  was isolated from  a fish kill in w hich no dinoflagel­
late bloom  was present. Sim ilar bacteria  have been  isolated from  R ed T ide 
outbreaks a ttrib u ted  to  G ym nod in ium  brevis and  from  G. brevis cu ltures at 
the  M arine L aboratory  and indicates th e  possibility th a t a bacterium  m ay 
be associated w ith  fish deaths un d er n a tu ra l conditions. F u rth e r investiga­
tion is w arran ted  as to  the  possible relationship  of bacteria  and dinoflagel­
lates in causing th e  phenom enon know n as ‘R ed T id e’.”

B EIN , SELW Y N  JACK. 1955. R ed tide  bacteria l studies. M arine Labora­
tory, U niversity o f  M iam i, Special Service B ulletin No. 10. Pp. 1-2. (M im eo­
graphed)

p. 2. “T he conclusions d raw n from  these experim ents are as follows: 
T he fish are killed by  a w a ter soluble, toxic m aterial, produced  b y  the  
grow th  o f th e  bacteria. T he toxin is therm olabile , th a t is, unstab le  a t high 
tem peratu res, bu t extrem ely poisonous un d er n a tu ra l clim atic conditions. 
G iven th e  correct conditions these organism s ap p ear capab le  of ‘b loom ing’ 
and  causing mass m orta lity  of m arine  organism s in n a tu re .”

B R IC E, JO H N  J. 1898. 6 .-T he fish and  fiisheries of th e  coastal w aters of
F lorida. Rep. U. S. C om m . Fish., P a rt 22: 263-342.

O ne theory  as to th e  cause of sponge deaths is th a t poisonous w aters 
come out of some of th e  F lo rida  w est coast rivers and  kills them .

B R O N G ER SM A -SA N D ER S, M A RGARETHA. 1948. T h e  im portance of up- 
welling w ater to  v e rteb ra te  paleontology and oil geology. Kon. N ed. Ak. 
W e t., Verh. A fd . N at. (T w eede Sectie), 45(4): 1-112.

This w ork contains a section dealing  w ith  m orta lity  of m arine animals 
along th e  coast of F lorida.

CARLSO N, Y. A. 1908. B rilliant G ulf w aters. M onth ly  W ea th er R eview , 36: 
371-372.

Streaks of b rillian tly -hued  (lum inescent) w aters w ere  encountered  in 
th e  G ulf of Mexico. No m ention  of “re d ” w a ter or fish-kills was m ade.

C H E W , FRA NK. 1953. Results of hydrographic  and  chem ical investigations 
in th e  region of th e  “red  t id e ” bloom  on th e  w est coast of F lorida  in N ovem ­
ber 1952. Bull. Mar. Sei. G ulf and C aribbean, 2(4): 610-625.

“ABSTRACT. E leven  hydrographic  stations w ere  occupied  in the  
G ym nod in ium  bloom  area off F o rt M yers, F lorida, in N ovem ber 1952. 
T hese d a ta  provide th e  basis for a  th ree-dim ensional descrip tion  of the 
hydrograph ic  environm ent w here  th e  phenom enon occurred.

“T he cu rren t p a tte rn  in  th e  a rea  of study  was m ore com plex th an  is 
generally  thought. T here  was eddying  m otion w hich  appears to b e  seasonal 
in character.

“Regions of m axim um  to ta l phosphorus w ere found  to  coincide w ith 
w ater of G ulf origin, w hile w ater w ith  g reater river influence contained 
regions of m inim um  to ta l phosphorus. This p a tte rn  im plies th a t th e  in ­
creased phosphorus content p robably  cam e from  th e  open Gulf.
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“T he to ta l phosphorus changed  slowly w ith  d ep th  in a slanting  w ater 
colum n, and  areas of definite G ym nod in ium  bloom , w hile .high in total 
phosphorus, d id  not coincide w ith  areas of m axim um  observed to ta l phos­
phorus w hich was some ten  tim es th e  norm al value.

“T h ree  m echanism s capab le  of effecting th e  observed to ta l phosphorus 
p a tte rn  are given. No proven explanation  of th e  causes of th e  recu rren t 
p lank ton  blooms is as yet available.”

C H E W , FRANK. 1955. O n th e  offshore circulation  and a  convergence 
m echanism  in th e  red  tid e  region off th e  w est coast of F lorida, M arine  
Laboratory, U niversity o f M iam i (R eport to F lorida  S ta te  B oard  of C onser­
vation). Pp. 1-26. (M im eographed)

“ABSTRACT. T he offshore w a ter is show n to m ove as a single colum n. 
T he sloping bottom  and  th e  equation  of continuity  are th en  app lied  to show 
th e  existence of a horizontal convergence m echanism  w hich, over a period  
of several weeks, m ay effect an  increase in concentra tion  of floating 
particles som e several tim es its in itial value. T h e  sou thbound  curren t 
in th e  ‘loop’ is th o u g h t of as a  Rossby jet w hich  drives th e  cyclonic eddy 
offshore. C onsideration  of th e  abbrev ia ted  verticity  equation , together w ith 
the  fact of sloping bottom , show th a t th e  southeastern  q u ad ran t of th e  
cyclonic eddy possesses increasing negative vorticity  and hence  th e  or­
ganisms previously concen tra ted  w ill ten d  to w ash ashore. Some considera­
tion  of th e  effects of w ind  are also included .”

C H E W , FRA NK. 1955. T h e  sum m er circulation  of th e  F lo rida  w est coast 
offshore w a ter as d ed u ced  from  th e  p a tte rn  of therm ocline dep ths and  a 
nongeostrophic equation  of m otion. M arine Laboratory, U niversity  of 
M iam i (Report to  F lorida  S tate B oard of Conservation). Pp. 1-6. (M im eo­
graphed) Also: Trans. Am er. G eophysics Union, 36(6): 963-974.

“ABSTRACT. O n th e  basis of th e  p a tte rn  of therm ocline  dep ths as' 
read  from  B athytherm ogram s and a non-geostrophic b u t  steady  sta te  eq u a­
tion of m otion, th e  c irculation of th e  w ater off th e  F lorida  w est coast is 
deduced . This circulation  agrees w ith  th a t found  previously on th e  basis 
of horizontal salinity patterns. Since salinity  and  B athy therm ograph  m eas­
urem ents w ere  m ade by  in d ependen t tools, th e  agreem ent is significant.”

C H E W , FRANK. 1955. R ed tid e  and  th e  fluctuation of conservative concen­
trations a t an estuarine  m outh. Bull. Mar. Sei. G u lf and Caribbean, 5(4): 
321-330.

“ABSTRACT. A set of observations of th e  conservative concentration , 
salinity, at an estuary  m outh  in a R ed  T ide  region is generalized  by  an ex­
tension of th e  m ixing length  theory  of tid a l flushing for steady sta te  to  one 
for transien t state. T he river flow and  tid a l cu rren t are taken  as functions 
of tim e, b u t no t of space. T he solution confirms th e  expectation  th a t the  
intensity  of th e  zone of rap id  transition  of conservative concentrations is 
g reatest during  h igh  river flow and  low  tid a l ranges. T h e  solution also 
indicates th a t th e  tid a l advection  an d  diffusion reinforce each  o ther.”

C O L L IE R , A LB ER T. 1953 T itan ium  and  zirconium  in bloom  of G ym no­
d in iu m  brevis Davis. Science, 118(3064): 329.

“As a resu lt of th e  analysis, it was found  th a t titan iu m  w as pecu liar to  
th e  red -tid e  w ater a t a  concen tra tion  of 0 .01-0.1%  of to ta l solids (33,700 
ppm ), and  zirconium  at 0 .001-0 .01%  to ta l solids (33,700 ppm ). These 
elem ents d id  not ap p ear in th e  o ther sam ples.

“T he largest con tribu tor to th e  nonoceanic com ponent of th e  neritic 
w aters of th e  Sanibel Island region is L ake O keechobee and  th e  analysis 
of this w ater show ed th e  p resence of Ca, Na, M g, Si, Sr, K, Al, Sn, Fe, Ba, 
Ni, B, Pb, Cu, M n, Cr, and  Ag, b u t no t T i and  Zr. I t  is likely th a t T i and 
Zr a re  norm ally p resen t in th e  sea w a ter in traces beyond  th e  sensitivity of 
th e  analytical m ethod, b u t in th is case w ere concen tra ted  by  th e  organism s 
of th e  mass bloom. T h e  stan d ard  sensitivities given for th e  spectrographic
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m ethod  (sem i-quantitative) are for zirconium  0 .001% , and  for titan ium  
0 .0 0 1%.

“T hese elem ents w ill be  stud ied  as nu tritional trace  elem ents in the  
cu ltu ra l studies of dinoflagellates now  in progress in this laboratory .”

C O L L IE R , ALBERT. 1953. T h e  significanee of organic com pounds in sea 
w ater. Trans. 18th N . Am er. W ild i. C onf., pp. 463-472.

“SUMMARY. T h at sea w ater contains a significant quan tity  of dissolved 
organic com pounds is a long recognized fact. M ore recently , biological 
differences betw een  w aters have been proven and  their effects on the  sur­
vival of invertebra te  larvae dem onstra ted . It has been  show n th a t sub­
stances w hich m ay originate in th e  photosyn thetic  process have  a direct 
and q u an tita tive  influence on th e  feeding ra te  of oysters.

“In  the  laboratories of th e  G ulf F ishery  Investigations of th e  U. S. Fish 
and W ildlife  Service carbohydra te  and proteinaceous substances are being 
isolated and purified for experim ental testing  on living organism s, including 
young fish and dinoflagellates.

“T he p rincipal fields of possible significance of these  com pounds are: 
as an energy source; as regulators or stim ulators of feeding activities; 
effects on m ovem ents of m arine anim als; toxins; and  in th e  evaluation  of 
th e  biological activity  w ith in  discrete bodies of w a ter.”

C O L L IE R , A LB ER T. 1955. N ew sletter on red  tid e  research. 17. S. Fish and  
W ild i. Serv. (April). Pp. 1-2. (M im eographed)

A small bloom  of G ym nodin ium  brevis was c rea ted  in the  laboratory. At 
concentrations of 3,000,000 individuals pe r liter cultures of th is organism  
w ere used  to kill fish experim entally. I t  was rep o rted  th a t bacteria-free  
cultures of G. brevis w ere  being  m ain tained  in th e  laboratory.

C O L L IE R , A LB ER T W ., and  K E N N E T H  T. M ARVIN. 1953. Stabilization 
of the  phosphate  ra tio  of sea w ater by  freezing. Fish. Bull., U. S., 54(79): 
71-76.

This reference has been  included  since phosphorus has been  suggested 
as being a possible lim iting factor in th e  case of R ed T ide blooms.

C O L L IN S, J. W . 1887. X IV .-R eport on th e  discovery' and  investigation or 
fishing-grounds, m ade by the  F ish  Com mission S team er ‘A lbatross’ during 
a cruise along th e  A tlantic coast and  in th e  G ulf of Mexico; w ith  notes on 
the  G ulf fisheries. Rep. U. S. C om m . Fish., Part 13: 217-311.

This report m entions ‘poisoned w a te r’ along th e  F lorida  coast. The 
w ater was said to  seriously affect m arine life, includ ing  sponges. Ingersoll 
(1882) is cited. A ccording to Collins (p. 249): “Mr. Silas Stearns, who 
has had  exceptional opportunities for becom ing fam iliar w ith th e  subject 
w hich Mr. Ingersoll refers to, is au thority  for stating  th a t th e  sponge fishery 
about Anclote Keys was not to  any appreciab le  extent injuriously affected 
by the  poisonous w ater. H e was there  in 1878, 1879, and  1880: p a rt of the 
tim e em ployed as an expert by  th e  U nited  States G overnm ent to investigate 
the  fisheries of w estern  F lorida  and collect statistics of them  for th e  T en th  
Census. On one occasion he  took a boat-load  of sponges him self near 
Anclote, in 2 fathom s of w ater, a feat th a t p re tty  effectually se ttled  the 
question  as to w h e th er the  sponges w ere all destroyed in th is reg ion .”

CORN M AN , IVOR. 1947. R etardation  of Arbacia  egg cleavage by  dino- 
flagellate-eontam inated  sea w ater (red tide). Biol. Bull., W oods Hole, 
.9.3(2): 205.

“ABSTRACT. Tw o specim ens of ‘red  tid e ’ w ere  generously supplied 
by Dr. P. S. Galtsoff, D irector of th e  U. S. Fisheries L aboratory , W oods 
Hole, M assachusetts.

“An u n trea ted  decom posing sam ple of sea w ater taken  from  an 
area stained red  by  G ym nod in ium  w hen d ilu ted  1:10 re ta rd ed  Arbacia
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egg cleavage by  one hour— 100 p ercen t increase in cleavage tim e— if added  
10 m inutes afte r fertilization. W hen  m ost of th e  ITS was p u lled  off 
w ith  a  vacuum  pum p, th e  delay  a t 1:10 was only 3 m inutes and  a t 1:5 was 
15 m inutes. F o u r days later all odor of HuS was gone, b u t re ta rdation  
was essentially th e  sam e, 9 p e rcen t a t 1:10 an d  27 p e rcen t a t 1:5. Cytolysis 
resu lted  from  exposure to  1:2. T his inhibitory  po tency  is equal to th a t of 
crude  filtrate from  som e P enicillium  cultures. T his sea w a ter sam ple 
killed F undu lus  in 2 hours a t 1:2 and  in 5%  hours a t 1:10. A ‘red  tid e ’ 
p lank ton  sam ple suspended  in sea w a ter an d  preserved  w ith  CHCL, was 
evacuated  u n til no  odor of C H C L rem ained. At 1:10 th is re ta rd ed  cleavage 
10 m inutes. F un d u lu s  in  this sam ple d ilu ted  w ith  an  equal p a r t of sea 
w ater lost equ ilib rium  and becam e sluggish in 2 hours, and in 6 hours at 
1:10. T hey  recovered  m otility  in fresh sea w ater, b u t subsequen tly  died. 
T here  appears to b e  som e paralle l be tw een  th e  toxicity to  fish and  to 
d iv id ing  eggs, b u t w he th er th e  sam e poison acts up o n  bo th  and  w hether 
decom position plays an  im portan t ro le rem ain  to b e  determ ined . Studies 
conducted  n ear th e  site w ith  fresh sam ples of sea w a ter and  dinoflagellates 
should prove m ore h e lp fu l if unconta im inated  test organism s are available.”

DAVIS, C H A R LE S C. 1948. G ym n o d in iu m  brevis  sp. nov., a cause of d is­
colored w ater and  anim al m ortality  in th e  G ulf of Mexico. Bot. Gaz., 109(3): 
■358-360.

A long th e  low er F lo rid a  w est coast in 1947, a  species of th e  genus 
G ym nod in ium  was found  associated w ith  a yellow ish-green discoloration 
of w a ter and  m orta lity  of m arine anim als. This dinoflagellate was enorm ­
ously abundan t, occuring  in num bers as h igh  as 60,000,000 p e r liter. This 
organism  app eared  to  be  new  to  science. I t  w as described  u n d e r the 
nam e G ym nod in ium  brevis.

DAVIS, C H A R LE S C. 1949(1950). O bservations of p lank ton  taken  in m arine 
w aters of F lo rida  in 1947 and  1948. Quart. J. Fia. Acad. Sei., 12,2): 67-103.

D inoflagellates w ere  show n to  dom inate  th e  p lank ton  of certa in  sam ples 
taken  du ring  a p eriod  of R ed T ide.

DELANY , M. 1956. C ultivation  of a p resum ably  au to troph ic  dinoflagellate. 
Am er. M idi. N at. (in press)

E M E R SO N , D. L. 1948. Prelim inary  survery on th e  F lo rida  red  tide  
phenom enon. M arine Laboratory, U niversity  o f M iam i. Pp. 1-2. (M im eo­
graphed)

R ed tid e  is said  to  have  occurred  along th e  w est coast of F lo rid a  in 
1844; 1854; 1878; 1880; 1882; 1908; 1916; from  N ovem ber, 1946, to 
M arch, 1947; an d  in Ju ly  and  A ugust, 1947. ‘P lank ton  bloom ing’ is 
discussed; it is sta ted  th a t ‘bloom ing’ does not alw ays cause m ortality  
of m arine anim als.

P. 2. “Various hypotheses have b een  advanced  to account for th e  red  
tide  phenom ena. Some early  observers believed th e  d isaster to  b e  due 
to an  u n d erw ater erup tion  of poisonous springs re leased  by earthquakes, 
to th e  leaching of poisonous substances by  stream s, and  in th e  past oc­
currence to  th e  d um ping  of poisonous gases, chem icals, and  o th er w ar
m unitions in to  th e  G ulf as a  m ethod  of disposal. T hese ap p ear to  be 
groundless suppositions and  have since been  d isregarded .”

A p rogram  for w ork on red  tid e  is suggested.

E N D L IC H , F. M. 1882. An analysis of w ater destructive  to fish in  th e  G ulf 
of Mexico. Proc. U. S. N at. M us., 4: 124.

A rep o rt in th e  form  of a le tter on th e  analysis of tw o sam ples of
G ulf w ater, (A) in w hich  fish die, and (B) norm al, or good w ater.

T h e  au th o r’s findings w ere:
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A. B.
“Specific gravity  __ ______________

Solid constituents (total), percen t .4.0780
0.1106

3

1.024

Ferric  com pounds, percen t
Injurious organic m atter ratio
Also: “In  m y estim ation th e  d ea th  of fish was caused  by  th e  m ore or 

less parasitic  algae, w hich  was found  in large quantities in w ater A, bu t 
do not occur at all in w ater B.”

FA R LO W , W . G., Dr. 1882. R eport on th e  contents of tw o bottles of w ater 
from  the  G ulf of Mexico, fo rw arded  by th e  Sm ithsonian Institu tion . Proc. 
U. S. N a t M us., 4: 234.

T he contents of th e  bottles w ere alike and th e  m ajor portion  of the 
contents was “a mass of am orphous slim e”. E viden tly  a preservative was 
not used in e ither bottle.

F IE N S T E IN , A N ITA , A. R U SSE LL  C E U R V E L S, R O B E R T  F. H U T T O N  and 
E D W A R D  SNOEK. 1955. R ed tide  outbreaks off th e  F lorida  w est coast. 
M arine Laboratory, U niversity o f M iam i (R eport to th e  F lorida  S ta te  Board 
of Conservation). Pp. 1-44. (M ineographed)

“ABSTRACT. A com pilation of reports of R ed T id e  on th e  w est coast 
of F lorida  from  1844 to  January , 1955, is given. Also included  are two 
w orking diagram s of incidence of R ed T ide, suggesting th a t (1) R ed T ide 
occurs m ore frequen tly  in  th e  m onths A ugust th ro u g h  January , (2) thei 
ind iv idual R ed T ide  outbreaks are p a rt of larger outbreaks w hich  seem  to 
m ove from  south to  north, and (3) sum m er outbreaks ap p ear to  originate 
m ostly north  of Venice, w in ter and  spring outbreaks farther south. F u rth e r 
d a ta  are req u ired  to give com plete support to (2). If  this is substan tia ted , 
it is po in ted  out th a t contro l m ay be  exerted by  action in  a lim ited  focal 
area  or areas of origin. O therw ise th e  problem  of control m ay be of the 
greatest difficulty since it w ill requ ire  action over a m uch w ider area  or 
areas.”

F IS H , C H A R LES J., and  MARY C U R T IS  COBB. 1954. Noxious m arine an i­
m als of th e  cen tral and  w estern  Pacific O cean. U. S. F ish and W ild i. Serv., 
Research R eport 36: 1-45.

T his w ork contains a  num ber of references on  toxic p lank ton  including 
some on F lo rid a ’s red  tid e  problem .

F L O R ID A  STA TE BOARD O F C O N SER V A TIO N . 1949. E ig h th  Biennial 
R eport (1947-48). Pp. 1-39.

T he red  tide  outbreaks of 1946-47 and th e  scientific research  carried 
out on these  outbreaks are discussed.

FL O R ID A  STA TE BOA RD O F C O N SER V A TIO N . 1950. N inth  Biennial 
R eport (1949-50). Pp. 1-61.

A b rief m ention of F lorida  red  tid e  research  is m ade.

FL O R ID A  STA TE BOA RD O F C O N SER V A TIO N . 1953. T en th  Biennial 
R eport (1951-52). Pp. 1-66.

p. 49. “Several investigations w ere  m ade of fish deaths due  to  pollution, 
no tably  in  th e  M iam i R iver and at F t. L auderdale . R educed  oxygen con­
ten t of th e  w ater was found  to  be  responsible in all cases.

“L ate  in 1952 an outbreak of R ed T ide occured  on th e  F lorida  W est 
Coast. A team  of biologists and  hydrographers g a thered  da ta  on this, 
em ploying an airp lane and  a ch artered  vessel w hich  was equ ip p ed  w ith 
po rtab le  oceanographic equipm ent. A series of hydrographic  stations was 
m ade across tw o p rincipal areas of th e  outbreak. T he organism  was found 
to be th e  same as th e  one responsible for th e  serious Red T ide  of 1947,
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G ym nod in ium  brevis. C ultures of th e  organism  have  been  established and 
arc grow ing in th e  laboratory.

“T he 1952 ou tbreak  was not as serious as th a t of 1947, b u t at th e  tim e 
th a t this report was p rep ared  (January  1953), R ed T ide was still present.

“Analysis of the d a ta  collected will a ttem p t to correlate  hydrographic  
conditions w ith  th e  blooms of th e  R ed T ide  organism, to increase our 
un derstand ing  of this serious phenom enon.”

FL O R ID A  STA TE BOARD O F C O N SER V A TIO N . 1955. E leventh  B ien­
nial R eport (1953-54). Pp. 1-43.

A review  of th e  scientific research  being  carried  out in F lorida w aters 
is included.

G A LT SO FF, PA UL S. 1948. R ed tide. Progress on the investigations of 
th e  cause of m ortality  of fish along th e  w est coast of F lorida  conducted  
by  th e  F ish  an d  W ildlife  Service and  cooperating  organizations. Spec. 
Sei. Rep. U. S. F ish W ild i. Serv., (46): 1-44.

T he literatu re  on th e  bloom ing of aquatic  m icro-organism s is review ed 
briefly. T he F lorida  red  tid e  is discussed and  th e  characteristics and 
effects of red  w ater are reported . T h e  color of th e  w ater in w hich  fish 
h ad  d ied  was rep o rted  as green, greenish yellow, yellow, am ber, brow n, 
reddish , and red. O ne of th e  p redom inan t organism s was G ym nodinium  
w hich  varied  from  13,000,000 to  56,000,000 pe r liter. T he to ta l phos­
phorus was “from  5 to 10 tim es as h igh  as those ever encountered  in 
uncontam inated  oceanic w a ter.” An odorless, irrita ting  gas, associated 
w ith  onshore w inds and break ing  of th e  surf, was described. “It caused 
spasm ic coughing, a burn ing  sensation in th e  th ro at and nostrils, and 
irrita tion  of th e  eyes.” C ontrol m easures are discussed, bu t “no definite 
recom m endation  for control can  be m ade a t p resen t.” Econom ic losses 
are m entioned and  conclusions are stated.

G A LT SO FF, PA U L S. 1949. T he m ystery of th e  red  tide. Sei. M on., N . Y„ 
58(2): 109-117.

C ontains essentially th e  sam e inform ation  as Galtsoff (1948).

GEYER, R IC H A R D  A. 1950. A b ib liography  on th e  G ulf of Mexico. Tex. 
J. Sei., 2(1): 44-93.

In  A ppendix A and  A ppendix B th is w ork includes references ou  mass 
m ortality  of aquatic  organism s in various parts of th e  world.

G IL L , T H E O D O R E . 1883. Zoology. A nn. R ep. Board o f R egents o f the  
Sm ithsonian Inst., show ing the  operations, expenditures and condition of the  
Inst, fo r th e  year 1881: 465-467.

A report on “fish ep idem ics” in th e  G ulf of Mexico, including a list 
of references pub lished  in th e  Proc. U. S. N at. Mas.

GLA ZIER , W . C. W . 1882. On th e  destruction  of fish by po llu ted  waters' 
in the  G ulf of Mexico. Proc. U. S. N at. M us., 4: 126-127.

A report of colored w ater in  w hich fish died  du ring  abou t 1865 and 
in 1878 and 1880. T he 1880 m ortality  occurred  in th e  w aters of Tam pa, 
Sarasota, and C harlo tte  H arbor.

G LE N N A N , A. H. 1887. 4 .-F ish  killed  by  piosonous w ater. Bull. U. S. 
Fish C om m ., 6: 10-11.

A report of fish killed by ‘poisoned w a te r’ of a reddish  color during  
O ctober, 1885. L arge shoals of d ead  fish w ere  rep o rted  betw een  E gm ont 
Key L igh t and C harlo tte  H arbor. Also rep o rted  was “th a t in some of the  
freshw ater creeks fish are cau g h t by  p lacing  bags o f the  bruised  bark of 
th e  sw am p dogw ood (Cornus sericea) in still w ater, and th a t th e  fish w ill 
revive if allow ed to rem ain  in it for a short tim e only.” (p. 11)
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GRAHAM , H E R B E R T  W . 1954. D inoflagellates of th e  G ulf of Mexico. In 
“G ulf of Mexico. Its origin, w ater, and m arine life.” Fishery B ulletin  of 
th e  U. S. Fish and W ild life  Service, 55(89): 223-226.

T ile  dinoflagellate p lankton along th e  w est coast of F lorida  is m en­
tioned  in  connection w ith  the  red  tide.

GRAHAM , H E R B E R T  W ., JO H N  M. A M ISO N  and K E N N E T H  T. M ARVIN.
1954. Phosphorus con ten t of w aters along th e  w est coast of Florida. 
Spec. Sei. R ep. U. S. F ish W ild i. Serv., (122): 1-43.

“ABSTRACT. T h e  d istribu tion  of inorganic and  to ta l phosphorus iu 
th e  w aters along th e  w est coast of F lo rida  is reported  for a period  of more 
th an  16 m onths. Some upw elling  to subsurface levels is evident b u t no 
hydrographic  feature  occurs w hich could  account for th e  h igh values of 
phosphorus found during  the  ‘red  tid e ’ of 1946-47. T here  is no evidence 
th a t e ither leaching from  the  bottom  of th e  G ulf or outflow from local 
rivers contributes large quantities of phosphorus to th e  G ulf w aters. H ow ­
ever, values of to ta l phosphorus com parab le  to  those of th e  red  tid e  w ere 
found in blooms of Trichodesm ium  floating on th e  surface over w ater of 
very low phosphorus con ten t.”

G U N T ER , G O R D O N . 1947. C atastrophism  in th e  sea and its paleontological 
significance, w ith special reference to  th e  G ulf of Mexico. A m er. J. Sei. 
245(11): 669-676.

“ABSTRACT. T h e  im portance of catastrophism  and mass m ortality  
in paleontology has been em phasized by certain  recen t writers. On the  
G ulf C oast of th e  U nited  States mass m ortalities of m arine anim als of 
shallow  w ater, catastrophic  in na tu re , are b rough t about every ten  years 
or so by  h a rd  cold spells, p lank ton  blooms, and excessively h igh salinities; 
the  la tter ease being  confined to  th e  L aguna  M adre of Texas. T he vast­
ness of th e  m ortality , w hich m ay cover several hun d red  square  miles, 
low tem peratures, h igh  salinity and silting due to h igh w inds or heavy 
d rainage from  land, w hich m ay accom pany th e  m ortalities in various com ­
binations, are conditions p rejudicia l to fossilization. Such events may 
occur thousands of tim es in a m illion years. C atastrophic  mass m ortalities 
of m arine anim als in th e  G ulf of M exico are  im portan t factors in fossiliza­
tion of th e  fauna of th a t reg ion .”

G U N T E R , G O R D O N . 1949. T he “red  tid e ” and th e  F lo rida  fisheries. Proc. 
G ulf and C aribbean Fish. Inst., In augura l Session: 31-32.

A review  of F lo rid a ’s red  tide  problem .

G U N T E R , G O R D O N , F . G. W A L T O N  SM ITH , and  R O B ER T H. 
W ILL IA M S. 1947. Mass m ortality  of m arine anim als on th e  lower 
w est coast of F lorida, N ovem ber 1946 - January  1947. Science, 105(2723): 
256-257.

D uring  N ovem ber, 1946, dead  and dying fish and  tu rtles w ere ob­
served in th e  m arine w aters 10-14 miles offshore from  Naples. By January  
10, 1947, th e  m ortality  had  reached  northw ard  to Boca G rande and fish 
w ere still dying in th e  bays beh ind  C aptiva and  Sanibel Islands on 
January  29. T he critical area for this m ortality  was from D ry T ortugas 
to Boca G rande. It was estim ated th a t over 50,000,000 fish w ere killed 
in the  area. All kinds of fish, oysters, clams, crabs, shrim p, barnacles 
and coquinas w ere killed. A species of G ym nod in ium  was observed in 
some of th e  w aters. Salinities w ere observed to  b e  norm al, tem peratures 
ranged  from 22.5° C. to  26° C., p H  was around  8.2, and  dissolved oxygen, 
w ith one exception, was not low. A lthough hydrogen sulfide was re­
po rted  earlier at N aples the  w riters could  not d e tect any during  their 
investigation. An odorless irritan t ‘gas’ was reported  on th e  G ulf Beach 
of C ap tiva  Island from  January  22 to  26.
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G U N T E R , G O R D O N , R O B ER T H. W IL L IA M S, C H A R LE S C. DAVIS, and 
F. G. W A L TO N  SM ITH . 1948. C atastrophic  m ass m ortality  of m arine 
anim als and coincident phy top lank ton  bloom  on th e  w est coast of F lorida, 
N ovem ber 1946 to  A ugust 1947. Ecol. M onogr. 18(3): 309-324.

“SUMMARY. 1. A m ortality  of m arine fishes and o ther anim als of 
catastrophic  proportions took place along th e  lower W est F lorida  coast 
be tw een  N ovem ber, 1946, and  August, 1947.

“2. In isolated places, and  not in regu lar association w ith  dying fish, 
low oxygen tension was found. This m ay have b een  associated w ith  the  
decay  of large num bers of dead  anim als and  is to be  considered  a result 
ra th e r th an  a  cause of th e  m ortality. T he chem istry of th e  sea w ater was 
no t found  to b e  abnorm al.

“3. T he mass d ea th  of m arine organism s was associated w ith  the  
flowering of dinoflagellate, G ym nod in ium  brevis. W ater th a t contained 
this organism  killed fishes in an  aera ted  aquarium  and  fishes w ere found 
dying in its p resence in th e  sea, a lthough th e  oxygen content was high. 
In some places G ym nod in ium  brevis rep roduced  so abundan tly  th a t patches 
of th e  w ater becam e saffron yellow  in color and noticeably  viscous. 
Schools of fishes en tering  this w ater d ied  im m ediately. I t  is concluded 
th a t G ym nod in ium  brevis, like certa in  re la ted  dinoflagellates, is specifically 
poisonous to m arine anim als w hen p resen t in large num bers.

“4. T he w eath e r was abnorm ally w arm  and  still and a hurricane  w ind 
b lew  offshore on th e  lower F lo rida  G ulf C oast during  th e  fall of 1946. 
It is suggested  th a t changed  m eteorological conditions or o ther factors 
m ay have brough t about changes of th e  w a ter masses w hich  increased 
th e  supplies of n u trien t salts and led to a flowering of the  plankton, 
especially G ym nod in ium  brevis. T he m ore rem ote  possibility of seismic 
d isturbances is also considered together w ith  th e  possibility of causative 
factors o ther th an  an increase of n u trien t salts.

“5. Records of sim ilar catastrophic  m ortalities localized along th e  lower 
W est C oast go back to 1844, and  it is suggested  th a t these  instances had 
sim ilar causes.

“6. Fishes found  dead  along th e  beaches show  th a t th e  families of 
fishes of g reatest abundance  in low er F lorida  are qu ite  different from 
those of the  n o rthern  G ulf C oast and a transition  from  a tem pera te  tri 
a tropical fauna is indicated-”

HAYES, H E L A N  LA N D A U , and  TH O M A S S. A U STIN . 1951. T he d istribu ­
tion of discolored sea w ater. Tex. }. Sei., 3(4): 530-541.

T his work contains a num ber of references on th e  red  tides of Fflorida.

H ELA , ILM O. 1955. Ecological observations on a locally lim ited red  tide 
bloom. Bull. Mar. Sei. G u lf and Caribbean, 5(4): 269-291-

“ABSTRACT. In o rder to study  th e  assum ed im portance of the  
passes in generating  R ed T ide outbreaks, th e  hydrographical tida l condi­
tions w ere stud ied  in the  Boca G rande Pass. T he results confirm ed 
previous ones and  ind icated  the  tw o-layer character of this estuary. 
In th e  deeper w ater no G ym nod in ium  brevis was found. T he heavier 
concentration  was observed during  all tida l phases on th e  side of Gas- 
parilla Island, suggesting th a t they  m ust have orig inated  som ewhere 
‘beh ind  G asparilla Island’ and not in the  a rea  of th e  highest to ta l phos­
phorus. As a second, sim ultaneous p a rt of th e  study, an effort was m ade 
to find th e  arcas from  whi .‘h  th e  G. brevis in this case originated. In 
tw o separate  spots (Stations 12 and  20) actual, locally lim ited  R ed T ide 
kills w ere observed. An optim um  salinity for th e  G. brevis appeared  to 
exist be tw een  32 and 33 parts pe r thousand. A d iurnal vertical m igra­
tion of G. brevis was observed-”

H E L A , ILM O . 1956. A p a tte rn  of coastal circulation  in ferred  from  synoptic 
salinity data. Bull. Mar. Sei. G id f and Cariljbean, 6(1): 74-83.
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“ABSTRACT. A synoptic operation was perform ed  during  th e  fo re ­
noon and noon hours on D ecem ber 4, 1954 w hen  28 vessels occupied 
250 lim ited hydrographic  stations off the  w est coast of F lorida. T he 
salinity distributions are shown for th e  surface and for 40 feet. T he 
p a tte rn  of coastal circulation is referred  to  the  cyclonic eddy off the  
F lorida  w est coast. T w o m ajor indrafts of h igh  salinity w ater tow ard 
th e  shoreline are found. T he m echanics of this phenom enon, and also 
the  perm anency of th e  observed p a tte rn  are discussed.”

H E L A , ILM O , D O N A L D  D E SYLVA, and C L A R E N C E  A. C A R PEN TE R .
1955. D rift currents in th e  red  tide  area of th e  easternm ost region of 
the  G ulf of Mexico. M arine Laboratory , U niversity o f M iami. Pp. 1-31. 
(M im eographed)

“ABSTRACT. D uring 1954 tw o drifteard  operations w ere perform ed 
in th e  easternm ost shallow  region of the  G ulf of Mexico. G iven th e  
locations and tim es of th e  drops and  of their recovery, th e  d irection 
and speed of the  resu ltan t m ovem ent of th e  drifteards m ay be deduced  
w ith relative accuracy, p rov ided  th a t one takes into consideration only 
those cards w hich are found e ither afloat offshore or those w hich, if 
p icked up ashore, are found soon afte r th e ir landing.

“T hese operations w ere perform ed as a p a rt of th e  R ed T ide  studies 
for th e  F lorida  S tate B oard of Conservation . . .”

H O W E L L , JO H N  F. 1953. Gonyaulax monilata  sp. nov., th e  causative 
dinoflagellate of a red  tide  on the  east coast of F lorida  in August- 
Septem ber, 1951. Trans. Am er. Mier. Soc., 72(2): 153-156.

This species was reported  from th e  Ind ian  and B anana Rivers, F lorida, 
and from  C ity Pier, Sarasota, F lorida. An add itional note states th a t 
a chain-form ing dinoflagellate, w ith th e  plates identical to those of 
Gonyaulax m onilata , occurred  in a sam ple from Offatts Bayou, Texas.

IN G E R SO L L , E R N E ST . 1882. On th e  fish-m ortality in the  G ulf of Mexico. 
Proc. U. S. N at. M us., 4: 74-80.

An investigation in to  the  so-called “poisoned w a te r” problem . A ccord­
ing to  this author, m ortality  occurred  in 1844 w hen  th ere  was “w ide­
spread destruction  of all sorts of salt-w ater anim al life . . .”

p. 75. “Again, in 1854 th e  fishes suffered all along th e  southern 
shore, and have done so at intervals since to  a less degree, un til in 1878 
an excessive fa ta lity  spread  am ong them , w hich  was w ider in the  extent 
of its dam aging effects and probably  m ore destructive  in  poin t of num ­
b er of victims than  th e  la tter visitation of 1880. E ven the  cooler half 
of 1879 was not exem pt from some appearance of th e  p lague .”

p. 75-76. “C oncerning th e  attack  of 1880 I am  able to  say more. 
It b egan  suddenly, and im m ediately follow ed th e  terrib le  hurricane w hich 
is know n as the  ‘A ugust gale’, th e  fish and all o ther ocean life suddenly 
dying in hordes all along the  southern  (eastern) shore of T am pa Bay, 
on E gm ont Key, at its m outh, w hich  was th e  m ost no rthern  poin t, and 
thence  sou thw ard  as fa r as Shark River, in W hitew ater Bay, on the  
coast.”

p. 78. “In th e  p u re  elem ent, betw een th e  dead ly  streaks, fish w ere 
as ab u n d an t as ever at th e  d istance from th e  coast w here  th e  smacks 
operated , and their wells w ere often filled w ith  prom ptness; bu t it 
was found th a t it was impossible, even by going stra igh t out to  the  
T ortugas, to ru n  th e  gauntle t of th e  poisoned w ater floating betw een 
there  and C ape Sable, since if once it was encountered , and en tered  the 
well, a very few  m inutes sufficed to b ring  abou t th e  d eath  of every 
fin of th e  cargo. I  have a few  notes, culled from  th e  Key W est journals, 
w hich show th a t a loss of nearly  $10,000 resu lted  from  only four or 
five such m isfortunes. T he consequence was th a t for some weeks the
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fishing th roughou t all th a t pa rt of th e  G ulf h ad  to b e  w holly abandoned, 
involving th e  idleness of a large num ber of vessels and  their crew s.”

p. 79. “It was the  d ea th  of sponges, conchs, sea-anem ones, craw ling 
horseshoe-crabs, of toad-fish, skates, and  th e  like, w hich  keep close dow n 
on th e  bottom , th a t first apprised  th e  fisherm en of th e  presence of their 
d read ed  and  m ysterious enem y.”

IN G L E , R O B E R T  M. 1954. Irritan t gases associated w ith  red  tide. M arine 
Laboratory, U niversity o f M iam i, Spec. Serv. Bull. No. 9: 1-4.

“SUMMARY. 1. Irritan t effects to th e  nose and  th ro at associated 
w ith red  tides are tem porary . No after-effects have been  reported .

“2. Irritan t effects are p resen t only w hen red  tide  occurs and  even 
then  do not appear unless w ind-driven  w aves w ith  associated w ater 
vapor and droplets exist. N aturally , on some occasions, droplets will 
rem ain  m  suspension in th e  air for a short tim e afte r th e  w ind  th a t 
c reated  them  has subsided.

“3. Because irritan t exists p robab ly  e ither as particles or droplets 
carried  by w ind  th en  th row n into th e  air by  spray, it does not usually 
go far in land  beyond open beaches.

“4. T here  is no evidence th a t th e  irrita ting  effects are caused  by
a m ilitary gas or any o ther m an-m ade p ro d u c t.”

IN G L E , R O B ER T M., and D O N A L D  P. D E  SYLVA. 1955. T he red  tide. 
M arine Laboratory, U niversity o f M iam i, Ed. Ser. 1: 1-30.

“SUMMARY. 1. T he F lorida  R ed T ide  is caused  by  m icroscopic
organisms. N orm ally p resen t in sea w ater along th e  low er F lorida  west
coast in sm all num bers, they  m ay suddenly  reproduce  to  form  m any 
billions of individuals. T he w ater is characteristically  discolored. At 
certain  tim es these organism s becom e num erous enough to  kill m any 
thousands of m arine animals.

“2. Since 1844 th e  F lorida  R ed T ide  has occurred  a t least 13
tim es in  m ajor proportions. T here  are apparen tly  gaps of as m uch 
as fourteen  years w hen  no R ed T ides have been  reported .

“3. W hen  th e  R ed T ide appears, a slightly  irrita ting  gas m ay be
noticed. No evidence exists th a t this gas is due  to  a dum ping  of scrap
w ar-m aterial, or o ther m an-m ade p roducts , into the  coastal w aters. M uch 
scientific evidence links th e  gas w ith  th e  R ed T ide  organism. The 
effects of th e  gas are restric ted  to  th e  sea or beach  areas an d  are
tem porary . T he slight coughing sensations d isappear w hen  th e  R ed 
T ide dim inishes.

“4. F ish  no t killed  or w hose behavior is not noticeably  affected by 
R ed T ide  are apparen tly  safe for hu m an  consum ption, according to all 
available inform ation.

“5. T he ridd le  of th e  R ed T ide  has b een  u n d e r continuous study  by 
a team  of trained  m arine  scientists of th e  M arine L aboratory  of the 
University of M iam i since 1947. T he U. S. F ish  and  W ildlife  Service 
is also engaged  in  this study. Indiv iduals from  th e  U niversity of 
F lorida, th e  U niversity of T am pa, and o ther organizations, have also 
w orked on this p roblem  at various times.

“6. Several theories have been  proposed to  explain th e  biological 
m echanism s th a t s ta rt and  m ain tain  Red T ides. Presently, m ost of these 
are being  investigated . Full-scale, con tinued  research  is n eeded  to 
solve a p roblem  as com plicated  as R ed T ide.

“7. R ed T ides w hich  have occurred  in o ther parts of th e  world 
since Biblical tim es w ere usually  associated w ith som e type of w ater­
borne enrichm ent or fertilization. T he h igh phosphorus con ten t of the  
soils and offshore bottom  of F lo rida’s w est coast offers a lively avenue 
of study, especially since such stream s as th e  Peace River are show n to 
carry substan tia l am ounts of phosphorus to th e  G ulf.”
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JE F F E R S O N , J, P. 1879. On th e  m ortality  of fishes in th e  G ulf of Mexico 
in 1878. Proc. U. S. Nat. M us., 1: 363-364.

This publication  consists of a letter from J. P. Jefferson, L ieu tenan t 
F ifth  R egim ent A rtillery, to  Prof. Spencer F . Baird, Sm ithsonian Institu ­
tion, W ashington, D. C. T he letter was w ritten  in D ecem ber, 1878, 
and  describes ‘discolored w ater’ m oving dow n along th e  coast, across 
F lorida  Bay, to  T ortugas (about N ovem ber 20) and extending to at 
least as far as Key W est. D ead  fish w ere reported  from  F o rt Jefferson 
and  neighboring keys, th e  north  side of th e  island of Key W est, and 
about 15 miles ou t in  the  G ulf Stream . In  T am pa B ay oysters w ere 
killed. It was reported  th a t the  C aloosahatchee River overflowed its 
banks in O ctober and the  w hole country side was flooded.

JE F F E R S O N , J. P., JO SE PH  Y. PO R TER , and TH O M A S M O O RE. 1879. 
O n the  destruction  of fish in th e  vicinity of th e  T ortugas du ring  th e  
m onths of Septem ber and O ctober, 1878. Proc. V . S. N at. M us., 1: 
244-246.

A report, in  th e  form  of th ree  letters, of fish dying and  conchs being 
killed by “dark cypress looking w a ter” in the  G ulf of Mexico, especially 
in F lorida  Bay.

K E T C H U M , B O STW IC K  H., and JEA N  K E E N . 1948. U nusual phos­
phorus concentrations in th e  F lorida  “red  tid e ” sea w ater. }. Mar. Res., 
7(1): 17-21.

“SUMMARY. 1. T he to ta l phosphorus content of w aters containing 
dense G ym nodin ium  populations was found to  b e  2%  to  10 tim es th e  
m axim um  to be  expected in th e  sea. T h e  possibility th a t upw elling  of 
nutrient-rich , deep  w ater is th e  explanation of this in tense plankton 
bloom  is th ereb y  excluded.

“2. It is suggested  th a t fu tu re  studies of in tense p lank ton  blooms 
include total phosphorus determ inations a t various depths. T h e  results 
w ould differentiate  betw een  terrigenous contam inations and  sw arm ing 
of th e  organism s at th e  sea surface.”

K IE R ST E A D , HENRY , and  L. BASIL SLO B O D K IN . 1953. T h e  size of 
w ater masses containing p lankton blooms. J. Mar. Res., 12{ 1):141-147.

“ABSTRACT. If a phytoplankton population  is assum ed to  be  in ­
creasing logarithm ically  in a mass of w ater su rrounded  by  w a ter w hich 
is unsu itab le  for th e  survival of th e  population , it can  b e  show n th a t 
there  is a m inim um  critical size for th e  w ater mass below  w hich  no in ­
crease in concentration  of phytop lank ton  can occur. In  a  one-dim ensional 
w a ter mass w ith  leakage at bo th  ends, this size, after a tim e of the  
o rder of L V 8  =D, is given by

/  D
L e =  /  — ,

V K
w here Le. is th e  length  of th e  w ater mass, D th e  diffusion, and  K th e  ra te  
or increase of th e  population. T he corresponding size in a cylindrical 
w ater mass is given bv

Rc =  2.4048
w here R,_ is th e  radius of th e  w ater m ass.”

K IN G , GLADYS S. 1950. P roduction  of red  tid e  in th e  laboratory. Proc. 
G ulf and Caribbean Fish. Inst. (Second Ann. Session): 107-109.

An experim ental investigation of th e  nu tritional requ irem ents of a
protozon, Plagicampa marina, and  th e  dinoflagellate, G ym nod in ium  simplex.
T his work indicates th a t th e  tw o organism s stud ied  no t only are able 
to  utilize certain  organic n itrogenous m ateria l w hen  disolved in ocean 
w ater, b u t th a t actually  such substances are req u ired  in th e  organism s
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nutrition. T he w ork is offered as “a basis for recom m ending an  in­
vestigation of dissolved organic nitrogenous m atte r in G ulf w ater as 
a clue to  outbursts of R ed T ide dinoflagellates.”

KIN G, JO SE PH  E. 1949. A prelim inary  report on th e  p lank ton  of the
west coast of F lorida. Quart. J. Fia. Acad. Sei., 12(2): 109-137.

In  general th e  purpose of this pap er is to  iden tify  th e  planktonic 
forms, especially th e  dinoflagellates and  copepods, in th e  w aters off 
the  w est coast of F lorida. T here  is a  b rief discussion of red  tid e  and 
one of th e  m ain objectives of th e  p ap er is to  determ ine “th e  norm al 
or typ ical p lank ton” w hich was p resen t during  th e  investigation  period  
of about ten  m onths (January to O ctober, 1949). G onyaulax triacantha, 
Gonyaulax  sp., Polykrikos sp. (schw artzi ?), Cochlodinium, sp. (virescens ?), 
G ym nod in ium  sp. (nelsoni ?), C eratium  furca, and  D inophysis sp. w ere 
am ong th e  dinoflagellates found in  a surface sam ple of “red  w a ter” .

LACKEY, JAM ES B. 1956. Note on th e  occurrence of G ym nodin ium  
brevis in T rin idad  w aters. Quart. J. Fia. Acad. Sei., (in press).

T h e  reco rded  geographical range  of G. brevis is ex tended  to  the
coast of T rinidad.

LACKEY, JA M ES B., and  JA C Q U E L IN E  A. HYNES. 1955. T he F lorida 
G ulf coast red  tide . E ngineering Progress at th e  U niversity o f Florida, 
9(2): 3-23.

“FO R W A R D . T he w ork de ta iled  in  th is bu lle tin  represents an a ttem pt 
to evaluate  th e  effects of G ym nod in ium  brevis, its behavior and  its dis­
tribu tion ; some investigation of factors w hich m ay cause its phenom enal 
grow th and of factors w hich  m ay help  in  its control. O ur laboratory 
has no t a ttem p ted  to  investigate phases of th e  prob lem  w hich  are 
under a ttack  at th e  U niversity of M iam i or a t th e  laboratory  of the  
U. S. F ish  and  W ildlife  Service . . .”

L aC O SSIT T , HENRY. 1954. T he tru th  about F lo rid a ’s red  tide. Sat. Eve. 
Post, 227(7): 28-29, 67-68.

A popu lar account of the  red  tide. T he au tho r v isited B radenton 
w here he  experienced irritations of th e  nose and th ro at from  th e  so-called 

“gas” .

LASKER, R E U B IN  and  F. G. W A L TO N  SM ITH . 1954. R ed tide. In 
“G ulf of Mexico. Its origin, w aters, and m arine life.” Fish. Bull., U. S. 
Fish W ild . Serv., 55(89): 173-176.

A review  of F lo rid a ’s red  tide.

L O N G , E . JO H N . 1953. T he red  tide  hits and  runs. N ature  M ag., 46(3): 
125-128 and  162.

F lo rid a ’s red  tide  problem  review ed in a popular article.

M A R IN E LABORATORY, U N IV ER SITY  O F  M IA M I. 1948. T he red  
tide. State  o f Florida, Board o f Conservation, E duc. Ser. No. 1: 1-14.

An educational bu lle tin  on th e  red  tide.

M A R IN E LABORATORY, U N IV ER SITY  O F  M IA M I. 1948. R eport on 
a survey of th e  sponge grounds north  of Anclote L ight. Florida State  
Board of Conservation  (January). Pp. 1-6. (M im eographed)

F rom  “SUMMARY”, pp. 1-2. “3. T he enorm ous dep letion  of the
sponge grounds is due to several factors. A lack of p roper scientific 
m anagem ent and control b rough t abou t a slow b u t continuous drop 
in p roduction  since 1935. T he fungus disease of 1939 caused  a very 
considerable m ortality  w hich was aggrava ted  by  failure to  institu te
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proper control. D uring  1946 and  1947 a second m ortality  due to  natural 
causes b rough t fu rth er losses. At th e  p resen t tim e no active disease is 
p resen t in the  a rea  north  of Anclote L ight, and th e  g reater p a r t of th e  
grounds are in a  very healthy  condition. No sponges w ere present 
in th e  deep  w ater grounds and no new  varieties of sponge w hich  could 
becom e of com m ercial value w ere found .”

M A RIN E LABORATORY, U N IV ER SITY  O F M IA M I. 1949. Q uarterly  
report on fisheries research. F lo rida  S tate B oard of Conservation 
(D ecem ber). Pp. 1-3. (M im eographed)

p. 2. “R ed T ide  . . . C erta in  organism s closely re la ted  to the  R ed 
T ide dinoflagellate have been  successfully cu ltu red  in sea w ater supple­
m ented  by yeast extract. O rganism s have been in continuous culture 
in this n u trien t for nearly  a year, w ith  no sign of d im inishing vitality.

M ARINE LABORATORY, U N IV ER SITY  O F M IAM I. 1949. B iennial report 
on th e  m arine fishery research  program . Florida S ta te  Board o f C onserva­
tion  (June). Pp. 1-9. (M im eographed)

p. 4. “Investigations of th e  R ed T ide w ere begun  during  1947 in 
b ehalf of th e  B oard of C onservation, and th e  m icroscopic organism  re ­
sponsible for it has been  described in reports issued by  th e  M airne 
L aboratory  since th a t date. . .

“T he research  has been con tinued  since O ctober 1948 and num erous 
chem ical sam ples of th e  seaw ater in the  G ulf of Mexico have been 
collected  during  th e  sponge surveys. T hese have  b een  analyzed by  
oceanographic chem ists in an a ttem p t to study th e  fundam en ta l condi­
tions existing in th e  G ulf w ater. A know ledge of this gives some ind ica­
tion of th e  possible causes of th e  abnorm al chem ical conditions w hich 
existed in 1948 and w ere responsible for th e  g row th of R ed T ide organism.

M A RIN E LABORATORY, U N IV ER SITY  O F  M IA M I. 1950. Q uarterly  
report on fisheries research. Florida S ta te B oard o f C onservation  
(October). Pp. 1-7. (M im eographed)

F rom  “SUMMARY” , p. 2. “Productiv ity  and  nu trition  studies on 
p lank ton  and a study  of the  underly ing  physical and  chem ical conditions 
have been  carried  ou t as p a rt of a long term  program  and  includes the
red  tide  studies begun  in 1947.”

M A R IN E LABORATORY, U N IV ER SITY  O F  M IA M I. 1952. Q uarterly  re ­
p o rt on fisheries research. Florida S tate Board o f Conservation  (D ecem ­
ber). Pp. 1-10. (M im eographed)

From  “SUM M ARY” , p. 2. “7. W hen  th e  recen t ou tbreak  of ‘red
tid e ’ was reported , a team  of biologists and hydrographers p roceeded  to 
th e  area. A vessel was chartered , w ith  th e  assistance of th e  G ulf Oil 
C om pany. G uided  by  air observation, a series of sections w ere  m ade 
across th e  affected areas. T he ou tbreak  was found  to be  caused by 
th e  sam e organism  (G ym nodin ium  brevis) th a t caused th e  serious ‘red 
tid e ’ of 1947. A living cu ltu re  of this organism  is on h and  at th e  L abora­
tory. Results of th e  observations are being stud ied  to correlate  hydro- 
g raph ic  conditions w ith  th e  ou tbreak .”

M A R IN E LABORATORY, U N IV ER SITY  O F M IAM I. 1953. Q uarterly  re
p o rt on fisheries research. Florida S tate Board o f Conservation  (D ecem ­
ber). Pp. 1-6. (M im eographed)

p. 5. “A serious ou tb reak  of R ed T ide  occurred  during  th e  final 
q u a rte r  of 1953. Several biologists of th e  L aboratory  w ent to the  area 
du ring  th e  em ergency.”
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M A RIN E LABORATORY, U N IV ERSITY  O F M IAM I. 1954. Q uarterly  
rep o rt on fisheries research. Florida S ta te  Board o f Conservation  (March). 
Pp. 1-11. (M im eographed)

A statistical correlation show ed a re lationship betw een  R ed T ide 
outbreaks and  ra infall plus g round w ater level.

M A RIN E LABORATORY, U N IV ER SITY  O F M IAM I. 1954. E m ergency 
rep o rt on th e  F lorida  red  tide . Florida S ta te  Board of C onservation  
(January). Pp. 1-4. (M im eographed)

This report consists of (a) sum m ary of research  results, and  (b) recom ­
m endations.

M A R IN E LABORATORY, U N IV ER SITY  O F  M IA M I. 1954. R ed tide  
studies (Prelim inary report, January  to June  1954). Florida S ta te  Board 
of Conservation  (August). Pp. 1-117. (M im eographed)

“SUMMARY” . “ . . .

“3. T he R ed T ide  fish kill was show n in 1947 to b e  of th e  nature  
of a  p lank ton  bloom  in  w hich th e  dinoflagellate, G ym nodin ium  brevis, 
h ighly poisonous to  fishes, is p redom inant. T he p resen t inqu iry  was 
d irec ted  to a concen tra ted  study  on H O W  th e  outbreaks orig inate and 
W H E N  to  expect them . Because of th e  lim ited  period  (5 m onths) avail­
able it was believed this approach  w ould  be m ost productive. Inci­
d en ta l d a ta  has nevertheless accrued , w hich gives a  clearer p ic tu re  of 
th e  n a tu re  of R ed T ide. Some speculation  is also offered as to control 
m easures.

“4. In  th e  course of the  w ork a survey was m ade of th e  scientific 
lite ra tu re  concerning p lank ton  bloom s th roughou t th e  world.

“5. S tatistical m ethods w ere app lied  to determ ine em pirically  w hat 
m eteorological and  o ther am bient phenom ena exhibited  a significant 
correlation w ith  R ed T ide. T h e  in itial series of fish kills constitu ting  
a R ed T ide  cycle w ere found  to  occur m ost frequen tly  in  th e  m onth  
of O ctober and  w ith in  th e  da tes of th e  new  m oon plus or m inus th ree  
days.

“A cycle or series of outbreaks is m ost likely to  occur w hen  the 
annual ra infall of th e  Peace R iver d ra inage a rea  is above th e  fifty year 
average. A correlation  also exists be tw een  outbreaks and  a h igh  m axim um  
annual discharge of th e  Peace River. T he 12 m onth  runn ing  average 
of Peace R iver a rea  ra infall seems best for forecasting outbreaks. No 
correlation has so far b een  satisfactorily established w ith  w ind  condi­
tions, or w ith  th e  he igh t of th e  w ater tab le , b u t this w ork is being  con­
tinued . T he salinity  of gulf w ater near shore is lower in R ed T ide 
years. T here  has been  no re la tion  found  be tw een  R ed T ide  and  the  
p roduction  of peb b le  phosphate  in  th e  Peace River d ra inage area.

“6. T he results of hydrograph ic  studies carried  out in previous years 
h ad  dem onstra ted  th e  presence of R ed T ide  a t th e  in terface betw een  
G ulf and  Bay w aters. A ttem pts w ere m ade  to  develop fu rth er these 
relationships, b u t no evidence was found to substan tia te  th e  idea  of a 
m ore or less continuous front be tw een  G ulf and Bay w aters along w hich 
th e  R ed T ide  progresses. It now  seems far m ore p robab le  th a t a 
period ic  separation  of masses of Bay w ater susceptib le to  R ed T ide  takes 
p lace  a t th e  m outh  of th e  passes and  th a t these masses m ove w ith  p re ­
vailing currents, usually  northw ard , slowly losing th e ir iden tity  by  m ixing 
and  diffusion w ith  th e  G ulf w ater.

“7. E v idence suggests th a t th e  initial fish kills are m ost active and 
th a t G. brevis blooms m ost often originate a t th e  inner side of such 
passes as Boca G rande; and th a t th e  d istu rbance m ay th en  trave l w ith 
curren ts w hile still active, m ainly in a  no rth w ard  direction.

“8. E v idence tends to show  th a t nu trien t inorganic phosphorus con­
ten t of th e  w ater decreases in its passages from  th e  Peace R iver to  the
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passes and  th a t organic phosphorus increases. T he to ta l phosphorus 
how ever, decreases, suggesting th a t a p recip ita tion  or sedim entation  takes 
place at the  passes. T he Peace River is th e  m ain source of phosphorus, 
th e  M anatee R iver som ew hat less and the  C aloosahatchee least.

“9. E vidence is offered th a t R ed T ide m ay possibly involve m ore 
than  one toxic bloom  organism  and it is therefore  considered possible 
th a t g reater progress m ay be m ade in fu tu re  research  by  concentra ting  
on the  na ture  of th e  m echanism  th a t gives rise to  these bloom s ra ther 
than  by studying the  p a rticu lar organism s w hich are characteristic  of 
its climax.

“ 10. A study  of com m ercial fish landings fails to  reveal any sig­
nificant decrease in the  com m ercial catch  in relation  to R ed T ide. This 
is being  given m ore deta iled  study.

“ 11. A ten ta tive  w orking hypothesis of the  origin and  n a tu re  of 
Red T ide outbreaks is offered as a basis for fu rth er investigations.

“ 12. It is strongly recom m ended th a t advance p lanning be  u n d e r­
taken  for the  control of R ed T ide  should ou tbreaks occur in  th e  fall 
of this or fu ture  years. T he m ost p ractica l m ethod  of a lleviating th e  
dam age is considered to be  by  seining of d ead  fish w hile concen tra ted  
in the  passes and at sea, before d rifting  on th e  beaches.

“It is considered th a t chem ical control is m ore expensive and  less 
likely to be  successful th an  th e  control of dead  fish by  seining. N ever­
theless, it is recom m ended  th a t chem ical trea tm en t b e  app lied  a t th e  
passes at the earliest possible m om ent of a R ed T ide  ou tbreak  in order 
to evaluate  its usefulness.

“ Io. Since R ed T ide conditions, once they  ap p ear outside of th e  
Keys are p robably  self pe rp e tu a tin g  to a considerable extent and thus 
difficult to  control, it is suggested that a tten tion  b e  p a id  to th e  possibility 
of m odifying th e  nu trien t conditions of the  Bay w aters in such a way 
as to p re sen t Red T ide conditions from  developing. A large scale fish 
cu ltu re  program  in th e  Bays, w ith the  addition  possibly of supp lem ent­
ary nu trien ts o ther th an  phosphorus m ight conceivably be b rough t about. 
U nder these conditions the  nu trien t regim e and th e  food chains m ight 
conceivably be  changed  so as to m inim ize th e  developm ent of condi­
tions su itable to R ed T ide .”

M ARVIN, K E N N E T H  T. 1955. O ceanographic observations in w est coast 
F lorida  w aters, 1949-1952. Spec. Sei. R ep. U. S. Fish W ild i. S e n .,  
(149): 1-32.

C hem ical, m eteorological, an d  hydrographic  d a ta  from  work done 
along th e  w est coast of F lorida  be tw een  1949 and  1952 are presented.

M O ORE, H. F . 1910. T he com m ercial sponges and the  sponge fisheries. 
Bull. U. S. Bur. Fish., 26(1): 399-512.

So-called “poison w a te r” is rep o rted  as being  responsible for the  
alm ost com plete exterm ination of sponges from  large areas. This p h e­
nom enon is said to recu r a t irregular intervals of about ten  years. It 
is rep o rted  to  have hap p en ed  in 1878 betw een Johns Pass and  C edar 
Keys and  in about 1895 from  St. M arks to the  m outh  of th e  Suw annee 
River.

M O O R E, M. A. 1882. F ish  m orta lity  in th e  G ulf of Mexico. Proc. V . S. 
N at. M us. 4: 125-126.

T his is the  pub lication  of a le tter originally w ritten  during  N ovem ber. 
1880, by  M. A. M oore to Professor Baird, Com m issoner of F ish  and 
Fisheries, W ashington, D. C. H e reports th e  cause of th e  m ortalities 
of abou t 1878 and  1880 to be  poisoned w ater and claims these w aters 
seem  to  be cen tered  m ore around  th e  m outh  of C harlo tte  H arbor and 
off Pun ta  Rassa th an  elsew here. T he poisoned w ater seem ed to  affect
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the bottom  fish m ore th an  others. It is th e  opinion of this w riter th a t 
volcanic action is th e  underly ing  cause of th e  phenom enon.

M U RDOCK , JAM ES F. 1954. A prelim inary  survey of the  effects of re ­
leasing w ater from  L ake O keechobee th rough  th e  St. Lucie and 
C aloosahatchee estuaries. M arine Laboratory, U nversity of M iam i (Re­
port to C orps of E ngineers, U. S. Army). Pp. 1-89. (M im eographed) 

pp. 47-48. “T he phenom ena causing th e  m ost dam age to  w est coast 
interests du ring  th e  p ast few  years has b een  th e  ‘R ed T ide’. At present 
a study  is being  m ade by this laboratory  of th e  factors w hich m ight 
operate to b ring  about a ‘R ed T id e’. I t  is suspected  th a t these factors 
w ould be  m ore likely to  be  found  originating from  inshore th an  from 
offshore w aters. T h e  altera tion  of the  n a tu ra l d ra inage features of south 
and cen tral F lorida  by  th e  w ork carried  on by th e  U. S. Arm y E ngineers 
is one of th e  factors being  investigated. T he d a ta  collected  and  analyzed 
to da te  does not elim inate th e  possibility th a t a continuing h igh  ra te  
of w ater release m ay b e  a con tribu tory  cause of R ed T ide  outbreaks. 
O n the  o ther hand, since R ed T ide  outbreaks show a general correla­
tion w ith th e  cum ulative m onthly ra infall of th e  peninsula, it is p robable  
that th e  contributions of the  Peace River and  o ther drainage systems 
are sufficiently g reater th a t a reduction  of flow in th e  C aloosahatchee 
River w ould  have little  effect upon the  p robability  of a R ed T ide  ou t­
break .”

N IC H O L SO N , C. A. 1954. Blood in th e  Gulf. F ield  ir  Stream  (August). 
Pp. 46-48, and  106-108.

A popu lar account of th e  red  tide  in F lo rida’s w aters.

O D U M , H O W A R D  T. 1953. D issolved phosphorus in  F lorida  w aters. 
Florida Geol. Survey, Rept. No. 9, Misc. Studies, Part 1: 1-40.

“ABSTRACT. A basic survey has been  m ade of th e  concentrations 
of dissolved phosphorus in  m any types of F lo rida’s surface w aters. The 
extensive deposits of phosphate  rock in F lo rida  lead  to unusually  high 
dissolved phosphorus contents in  th e  stream s and lakes w hch d rain  these 
areas. Thus these w aters are po tentially  of h igh  fertility  for grow th of 
aquatic  organisms. A dditional quan tities of dissolved phosphorus are 
being  ad d ed  by sew age and  industry  in  some areas, a lthough little  recogni­
tion lias been  m ade of th e  possibly large biological effects th a t relatively 
small am ounts of ad d ed  phosphorus can have on those areas w hich 
are not receiving drainage from  phosphate  areas. T he m oderately  low 
phosphorus content of basic springs in con trast to acid  surface stream s 
suggests a controlling role of p H  in phosphorus solubility in F lorida. 
It seems likely th a t percolating  ra inw aters are continually  concentra ting  
phosphorus in th e  layers just b en ea th  th e  surface as th e  acid ra inw ater 
becom es basic. T he na tura l and  artifical phosphates co n tribu ted  to 
F lo rida’s surface stream s hypothetically  seem to b e  of th e  m agnitude 
to con tribu te  to red  tide  phenom ena and  th e  rap id  grow th of w ater 
hyacinths in p re sc rib ed 1, areas.”

O D U M , H O W A R D  T., J. B. LACKEY, JA C Q U E L IN E  HYNES, and  N E L SO N  
M A RSHALL. 1955. Some Red T ide characteristics during  1952-1954. 
Bull. Mar. Sei. G u lf and C aribbean, 5(4): 247-258.

“ABSTRACT. Survey counts of G ym nodin ium  brevis, m iscellaneous 
chem ical analyses (K jeldahl nitrogen, to ta l phosphorus, to ta l organic 
m atter, chlorophyll, and nitrate), and  a few  light itensity  and p ro d u c­
tivity  m easurem ents in F lo rida’s red  tide  zone from  1952 to 1954 ind i­
cated  a w idespread  general regim e of this dinoflagellate growing sparsely 
in heterogeneous poor to m oderately  fertile  w ater w ith  a h igh N /P  ratio. 
Occasional bloom  patches and fish kills w ere accom panied  by som ewhat 
h igher n u trien t levels. T he fertile  estuaries, T am pa Bay and C harlo tte
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H arbor, in contrast to  th e  C aloosahatchee River a re  capab le  of stim ulating 
coastal fertility  w ith  injections of n itrogen  and phosphorus. Offshore 
mixing of high N /P  ra tio  w ater of th e  C aloosahatchee estuary  and  the  
low N /P  ra tio  w a ter of T am pa Bay and  C harlo tte  H arbor m ay p ro ­
duce a w ide range of n u trien t conditions. A decrease in estuarine 
pollution is suggested as a rem edial experim ent.”

P H IL L IPS , CRAIG, and W IN F IE L D  H. BRADY. 1953. Sea pests. M arine 
Laboratory, U niversity of M iami. Pp. 1-78.

The red  tide  phenom enon  is discussed briefly in th is booklet.

P IE R C E , PI. D. 1883. 53— T he spaw ning of bluefish— an opinion of the
cause of m ortaliy  of fish in th e  G ulf of Mexico. Bull. U. S. Fish C om m ., 
■3:332. (From  a letter to  Prof. S. F . Baird)

This author does not believe “fish kills” to b e  th e  resu lt of poisonous 
w aters. H e  a ttribu tes th e  m ortalities to low ered w a ter tem peratures.

P IE R C E , H. D. 1884. 142— Notes on the  bluefish, m ortality  of F lorida
fishes, etc. Bull. U. S. Fish C om m ., 4(17): 263-266.

This w ork is a continuation  of th a t by  P IE R C E  (1883). T h e  sug­
gestion is m ade th a t cold w ater possibly caused th e  1880 epidem ic on 
the F lorida  w est coast.

PO RTER, JO SE PH  Y. 1882. On th e  destruction  of fish by poisonous w ater 
in th e  G ulf of Mexico. Proc. U. S. N at. M us., 4: 121-123.

In c luded  in this article  is a  le tter by  J. Y. Porter to Prof. Spencer F . 
B aird, W ashington, D. C. In  th e  le tter one opinion as to  th e  cause 
of th e  destruction  of fish was th a t it was because of “th e  sa turated  
condition of th e  w ater w ith  dogw ood (Cornus Florida)” and another 
theory  was th a t volcanic erup tion  caused th e  m ortality. Also in this 
w ork is a letter w ritten  by  C. J. K enw orthy to th e  ed ito r of “Forest and 
S tream ” an d  a rep ly  to this letter is also included. K enw orthy reports 
th a t th e  fish m ortality  problem  dem ands investigation and suggests that 
a governm ent d ispatch  boat located  a t Key W est be  used. This sug­
gestion was seconded by  the  editor of “Forest and  S tream ” . T he editor 
states th a t his organization had  a lready  suggested th e  use of fluorescine 
to determ ine th e  origin of a boiling spring off th e  G ulf coast.

RA TH BU N , R IC H A R D . 1887. T he sponge fishery and  trade . U. S. C om m . 
Fish and Fisheries (The Fisheries and  Fish. Indust. U. S.), Sect. V, 2(23): 
817-841.

“Poisoned w aters” are reported  and Ingersoll (1882) is quoted.

SATER, ED N A  N. 1954. F lo rid a ’s red  tide  problem . Fish. Leafi. W ash.. 
420: 1-11.

“SUMMARY. Progress on F lo rida’s red -tide  p roblem  since th e  1946- 
47 ou tbreak  can b e  sum m arized as follows:

“ 1. ‘R ed tides’, no ted  for th e ir discolored w ater, are caused by a 
tiny m arine organism  so sm all th a t it cannot be  seen by  th e  naked  eye. 
G ym nodin ium  brevis  is th e  scientific nam e qf this fish-killing p lague  w hich 
also p roduces a ‘gas’ irrita ting  to nostrils and  th roats of people.

“2. R ainfall, m arsh drainage, salinity, w ind, and  tem p era tu re— in 
certain  com binations— provide th e  physical conditions in w hich  th e  red- 
tide  organism s can  get started . T hese organism s m ultip ly  rap id ly  and 
derive nu trien ts from  th e  fish th a t are killed as w ell as from  land  drain-
age '.<“3. R ed-tide  organism s are now  being  grow n artificially in the 
laboratory, thus perm itting  th e  testing  of different chem ical com pounds 
as control agents. C opper sulfate is th e  m ost prom ising to  date.



144 JO U R N A L  O F  T H E  F L O R ID A  ACADEM Y O F SC IE N C E S

“4. F ed eral an d  S tate research  is coord inated  and  citizens’ groups 
are organized  to report the  de tection  of new  outbreaks and  to assist in 
control m easures in an em ergency.”

SH A LER , N. S. 1890. T he topography  of F lorida. W ith  a no te  b y  Alexan­
der Agassiz. Bull, M us. C om p. Zool. Haro., 16(7): 139-158.

See AGASSIZ (1890).

SLO B O D K IN , L. BASIL. 1953. A possible initial condition  for red  tides 
on th e  coast of F lorida. J. Mar. Res., 12(1): 148-155.

“ABSTRACT. I t  seems likely th a t th e  occurrence of a d iscrete mass 
of w ater, w ith  a salinity  lower th an  th a t of norm al G ulf of Mexico surface 
w ater, is a necessary prerequ isite  for th e  occurrence of red  tid e  off the  
F lorida  C oast.”

SM ITH , F. G. W A L TO N . 1948. (1949). P robable  fundam en ta l causes of
red  tide  off the  w est coast of F lorida. Quart. J. Fia. Acad. Sei., 11(1): 
1- 6 .

A discussion of th e  factors w hich evidently  could  reasonably account 
for red  tide  along th e  w est coast of F lorida. It is suggested  th a t in ­
organic phosphorus m ay be th e  lim iting factor of p lank ton  grow th in  these 
w aters a t all tim es.

SM ITH , H U G H  M. 1898. T he F lorida  com m ercial sponges. Bull. U. S. 
Fish C om m ., 17: 225-240.

“B lack” or “poisonous w a ter” is rep o rted  and  Ingersoll (1882) is 
quoted.

TAYLOR, H A R D E N  F. 1917. M ortality  of fishes on th e  w est coast of 
F lorida. R ep. U. S. C om m . Fish, (Doc. No. 848. Issued June  13, 1917): 
24 pp.

“Poison w a ter” is reported  to  have periodically  killed large num bers 
of fishes and other anim als along th e  F lorida  w est coast du ring  th e  75 
years p reced ing  1916. T he critical area for these “kills” was from  Key 
W est north  to  near C edar Keys and  the  “kills” w ere  rep o rted  for th e  
years 1844, 1854, 1878, 1880, 1908, and  1916. T he 1916 outbreak, 
w hich ap p eared  progressively sou thw ard  from  Boca G rande to  M arco, is 
discussed and  the  m eteorological conditions are reported . It was sta ted  
th a t in N ovem ber, 1916, tw o people  in F o rt M yers d ied  from  eating 
fish killed by  this phenom enon. T he species of fish killed are listed; a 
num ber of invertebrates, sea urchins (Arbacia), the  horseshoe crab 
(L im ulus), and sponges, w ere also noted. B arnacles, oysters, mussels, 
conchs, herm it crabs, and porpoises d id  not appear to be  harm ed. A 
discussion of th e  possible causes of this m ortality  include:

“(1) w ater from  th e  E verglades charged  w ith  tann in  and  products of 
decom position of palm ettoes and m angroves; (2) extraordinary  abundance 
of P eridinium  know n to have occasioned the  d ea th  of fishes in  different 
parts of the  w orld; (3) a disease, fungoid, parasitic, or bacteria l; (4) d ilu ­
tion of th e  w ater by unusually  heavy  rains; (5) an  issue of gas, volcanic 
or natural; and (6) earthquakes or seaquakes.”

A ccording to the  author, th e  sixth cause appears to  have th e  most 
prom ising possibility.

U N IT E D  STATES F IS H  AN D  W IL D L IF E  SE R V IC E . 1954. R ed tide  
research. Issued in form  of a new sletter (Septem ber). , Pp. 1-4. (M im eo­
graphed)

E xperim ental work on th e  control of red  tide  organism s by th e  use 
of copper su lphate  is m entoned.
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W A LK ER , S. T. 1884. F ish  m orta lity  in  the  G ulf of Mexico. Proc. U. S. 
N at. M us., 6(6): 105-109.

A discussion of a fish m ortality  during  O ctober, N ovem ber and D ecem ­
ber of 1880. T h e  statem ents of a num ber of local residents are included:

This au tho r’s observations sum m arized are (p. 106):
“ 1. T he d ead  fish w ere m ost num erous on th e  outside beaches and 

on th e  inside beaches of th e  o u ter line of keys.
“2. T h a t dead  fish w ere least num erous about th e  m ouths of creeks 

and rivers, decreasing gradually  as one approached  such places.
“3. T h a t th e  poisoned w ater w as not diffused generally, b u t ran  in 

stream s of various sizes, as proven  by  fish dying in vast num bers instantly  
upon  reach ing  such localities.

“4. T h a t th e  fish w ere  killed  b y  a specific poison, as p roven by  the  
sickness and  d ea th  of b irds w hich  a te  th e  dead  fish.

“5. T h e  fish began  dying on th e  outside beaches first, as M r. Strand, 
assistant ligh t-keeper a t E gm ont, reports them  com ing up  first on the  
17th of O ctober, w hile  Mrs. H oy observed them  first on th e  1st or 2nd 
of N ovem ber, at L ittle  M anatee  River.

“6. T he exam ination of m any h u n d red  recen tly -dead  fish revealed  
no signs of disease. T h e  colors w ere  b righ t, th e  flesh firm, and  th e  gills 
rosy. T he stom ach and intestines appeared  healthy .”

W EBB, JO H N  G. 1887. 5.- T he m orta lity  of fish in  th e  G ulf of Mexico.
Bull. U. S. Fish C om m ., 6: 11-13.

T his w riter believes th e  fish m ortality  to  b e  caused “by  noxious and 
poisonous gases w hich  perm eate  portions of th e  G ulf and its bays, and 
w hich are derived  from  underg ro u n d  stream s of w a ter th a t flow into 
th e  sea.” (p. 11)

W ILSO N , W IL L IA M  B., and A L B E R T  C O L L IE R . 1955. Prelim inary 
notes on th e  cu ltu ring  of G ym nod in ium  brevis Davis. Science, 121 
(3142): 394-395.

“T ab le  I. M edium  for th e  un ialgal isolation of G. brevis  Davis. 
A fter all additions are m ade, th ere  is approxim ately 110 m l of m edium .

A ged sea w ater (salinity, abou t 36.5 p p t)__ ________ 95.0 m l
D istilled  w a te r0 -------------------------------- ---------------- _____  5.0 m l
N IL C l00 ___________ _______ __________ __ ___________  0.1 m g
K IL PO ,00 _______________________________________ _____  0.05 m g
M gCl 61L O °° _________ _____ ____________________ _____  0.02 m g
N aH C O s00 ______ _________________________________ _____  0.1 m g
NajS.OHO 00 ____________________________________ _____  0.1 m g
V itam in Bn-__________________________________ ____ _____  0.1 ug
T hiam ine hydrochloride  ____ ____________________ _____  1.0 m g
B iotin __________________________________________ _____  0.05 ug
Soil e x tra c tj ______________________________ ___ _ _____  2.0 m l
E D T A .N a (6 m l o f 0 .25-percent solution) _______ 15.0 m g

° M ore or less m ay be  requ ired , depend ing  on th e  salinity.
00 A dded  as 0.5 m l of th e  follow ing solution of th e  com ponents of 

Van N iel’s m edium  for sulfur bacteria : NH,C1, 0.2 g; KH-POi, 0.1 g; 
M gCl2.6 H A  0.04 g; NaHCCb, 0.1 g; an d  N a,S .9IL O , 0.2 g to  1 lit of 
d istilled  w ater.

t  Sim m er for 40 m in. a m ixture of 500 g of garden  soil and  1 lit 
of d istilled  w ater. L e t it stand for 4 days and  decan t th e  supernatant. 
R epeat sim m ering and  décan ta tion  un til ex tract is clear. O ur soil gives 
a yellow ish-brow n extract.”
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W IT W E R , STAN. 1954. C an science stop th e  dead ly  re d  tide? T h e  A tlanta  
Journal and  C onstitu tion  M agazine  (8-15-54). Pp. 28-29.

A po p u lar account of F lo rida’s red  tide.

W O O D C O C K , A L F R E D  H. 1948. N ote concerning hum an  respiratory 
irrita tion  associated w ith  h igh  concentrations of p lank ton  and  m ass m or­
tality  of m arine  organisms. J. Mar. Res., 7(1): 56-62.

“SUMMARY. 1. Nose and  th ro at irritations, sim ilar to  those naturally  
occurring in th e  V enice B each region of th e  G ulf coast of F lo rida  during  
July  1947, can  be  p ro d u ced  b y  b reath in g  air artificially laden  w ith  sm all 
drops of th e  G ulf of Mexico w ater w hich  contains (or contained) 56 x IO11 
dinoflagellates pe r liter.

“2. T he presence of naturally  p ro d u ced  drops of sea w a ter in  th e  
air along Venice Beach, F lorida, du ring  a tim e w hen  resp irato ry  irrita ­
tion  occurred, is ind icated . A pproxim ate drop  size range and  concentra­
tion  is given.

“3. Sim ple experim ents show  th a t respiratory  irrita tion  is alw ays asso­
cia ted  w ith  th e  p resence of sm all drops of ‘red  w a ter’ in th e  air.

“4. ‘R ed w a ter’ stored w ithou t preservative  for several weeks re ta ined  
its irrita ting  qualities apparen tly  undim inished. T h e  persistence of the  
irritan t th rough  weeks of storage w ithou t p reservative  an d  th rough  large 
tem pera tu re  changes indicates a ra th e r stab le  substance.

“5. D rops from  effervescing h ea ted  ‘red  w a te r’ w ere m ore irrita ting  
th an  drops from  effervescing w a ter a t room  tem pera tu re, and  these  later 
drops seem ed m ore irrita ting  th an  spray drops p roduced  b y  th e  hand  
atom izer.

“6. T h e  irritan t passed  th ro u g h  a  fine b ac teria l filter (1 to  1.5 m ircon 
openings).

“7. W hen  air-borne, th e  irritan t can b e  so red u ced  in concentration, 
by  inhaling  th rough  absorbent cotton, th a t it ceases to  affect th e  res­
p irato ry  system .”

A D D E N D U M

F E IN S T E IN , A N ITA . 1956. C orrelations of various am bien t phenom ena 
w ith  red  tide  outbreaks on th e  F lo rid a  w est coast. Bull. Mar. Sei. G u lf and  
C aribbean, 6(3): 209-232.

“ABSTRACT. Investigations have been  m ade  to  de te rm ine  w hether 
any sim ple, linear correlations exist be tw een  R ed T ide  outbreaks and 
various am bient phenom ena. O utbreaks are com pared w ith  rainfall, tropical 
d isturbances, and  river runoff. A p a tte rn  of cyclic recurrence of outbreaks 
is presen ted . An a ttem p t is m ade  to show th e  p a th  o f ind iv idual o u t­
breaks.”

Q uart. Journ. F ia. Acad. Sei., 19 (2-3), 1956.


