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ABSTRACT

A  red  tide caused b y  the toxic d inoflagella te  G y m n o d in iu m  breve  D avis  
occurred  in te rm itten tly  a long the west coas t  of pen in su la r  Florida from  
O c to b e r  1973 th rough  June 1974. Distress b eh a v io r  of fishes in the  red  tide area 
w as  observed  an d  129 severely d istressed o r  freshly dead  specim ens were  
collected an d  subjected to im m edia te  necrop tic  exam ina tion .  The  16 
consistently  observed pathologies  suggest th a t  m a n y  fishes die in red tides 
f rom  chron ic  tissue dam age ra the r  th a n  b y  p rev iously  recognized 
neuro in tox ica tion .  Some species seem to  succum b  to  neuro in tox ica t ion  u nder  
the sam e condit ions tha t  p roduce  lethal h e m o p a th y  a n d  h is topa tho logy  in 
o thers .  T h e  observed sign complexes are  ind icative  of d e h y d ra t io n ,  hemolysis, 
a n d  interferences in the b lo o d  clo tting  m echanism s.

IN TR O D U C TIO N

S ubstan t ia l  red tides caused by  b lo o m s  of the u n a rm o re d  dinoflagellate 
G y m n o d in iu m  breve  D avis  occur period ical ly  a long  the west coas t  of Florida 
(1, 2, 3). In addition  to causing toxicity  in shellfish, G. breve  red  tides directly  
kill large nu m b e rs  of fish an d  som e m a rin e  invertebrates ,  p roduce  a highly 
irr i ta t ing  aerosol in coasta l areas, a n d  can rare ly  cause con tac t  derm ati t is  (4, 5, 
6, 7, 8, 9). As a result of these effects, such red  tides h ave  serious adverse  
econom ic  im pact ,  particu larly  on  the  tour is t  industry ,  in add i t ion  to being  a 
public  hea lth  problem .

C ons iderab le  scientific s tudy  has  been  m a d e  of G. breve  red tides, 
par t icu la r ly  since the d iscovery  an d  descr ip tion  of the causa tive  dinoflagellate 
b y  D av is  in 1948. Early la b o ra to ry  s tudies  ind icated  th a t  fish were killed by a 
neu ro tox in  as evidenced by  speed of ac tion ,  agonal behav io r ,  an d  lack of o ther  
p a te n t  signs o r  lesions (10, 11). These  obse rva tions  were  repeated ly  confirm ed 
b y  n u m e ro u s  experim ental exposures  of fishes to n a tu ra l  an d  cu l tu red  G. 
breve,  to  cell-free filtrates, an d  to ex trac ted  a n d  frac tionated  toxins (11, 12, 13, 
14, 15). C onsequen tly ,  G. breve  red tides becam e accepted as a
neu ro in tox ica tive  phenom enon .

D eta iled  studies of toxins extracted  f ro m  G. breve  in recent years  have  
p ro v id ed  evidences of o the r  biological activ ity .  In add it ion  to po ten t  
neuro tox ic  activity, in v i tro  hem oly tic  activ ity  w as  detected  in crude 
tox in  extracts (16, 17, 18, 19, 20, 21, 22, 23) an d  in  a purified  non-neuro tox ic  
f rac tion  (15). H em oly tic  activ ity  w as  considered  mild until Kim, Linton, and 
M a r t in  (23) tested fish b lo o d  (mullet) in add i t ion  to the  m a m m a lia n  b lood  
(usually  rabbit)  utilized b y  o the r  w o rk e rs .  T h ey  found  the piscine b lood  to be 
som e 300 times m ore  sensitive. T h e y  suggested  tha t  hem oly tic  activity could 
be a  fac to r  in red tide fish kills.

D o ig  a n d  M a r t in  (24) fu r th e r  d iscovered  mild an t icoagu lan t  activity  in toxin 
ex trac ted  f rom  a n a tu ra l  red tide. T rieff  et aí. (25) iso la ted  five toxins f rom  G. 
breve  cu ltures, one of w hich  w as  a h e re to fo re  u n rep o r ted ,  severe resp ira tory
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ir r i tan t  u p o n  e i the r  in traper i tonea l  in jection  o r  inha la t ion .  A ll five of their 
tox ins h a d  neu ro tox ic  activity a n d  one w as  also hem oly tic .

D espite  the f indings of add i t iona l  biological activities, the  neurotoxic  
ac t iv i ty  of G. breve  has still been generally  cons idered  to  be the only 
consequen tia l  ich thyo in tox ica tive  m echan ism . This  a s su m p tio n  w as  supported  
b y  the  few re p o r ts  of p rem orta l  fish b eh a v io r  in  n a tu ra l  red  tides (5, 26, 27) 
w hich  ind ica ted ,  as la b o ra to ry  studies had  suggested , th a t  d ea th  usually  came 
rap id ly  u p o n  exposu re  to G. breve  red  tide.

Beginning in O c to b e r  1973, w e collected dead  a n d  dy ing  fishes an d  other 
o rgan ism s  f ro m  red  tide areas a n d  subjected  them  to  detailed  pa tho logical 
ana lyses  to  de term ine  m echanism s of d ea th .  P re l im inary  results were 
p resen ted  b y  Q u ic k  an d  H enderson  (28). F u rthe r  results an d  in te rp re ta t ions  are 
p resen ted  here in .  These  studies are  the  first pa tho log ica l  exam ina tions  m a d e  of 
red  tide exposed  an im als  f rom  the field o r  la b o ra to ry  since the d iscovery  of the 
causa tive  agen t o v e r  25 years ago. In fact,  a  few brief com m en ts  b y  T ay lo r  (29) 
concern ing  d a rk e n e d  gills a n d  s low  b lo o d  c lo tting  in dissected fishes seem to 
represen t the  on ly  p r io r  published  obse rva t ion  of o rganic  changes caused by  
red  tide.

M E TH O DS A N D  MATERIALS

Beginning in O c to b e r  1973, a  red tide deve loped  offshore of the  w est central 
coast of F lorida  in the Gulf of M exico an d  m o v e d  sh o rew ard .  A fter  a short 
absence, it r ea p p ea red  in January  1974 an d  m o v e d  inshore  a long  som e 270 
linear km  (168 miles) of coastl ine an d  pen e tra te d  Boca Ciega Bay, S araso ta  
Bay, T a m p a  Bay, a n d  C harlo tte  H a rb o r .  Severe, w idesp read  fish kills resulted 
along  w i th  r e sp ira to ry  irri ta t ion  a n d  toxic shellfish.

In la te  O c to b e r  1973, w e began  collecting d istressed o r  freshly dead  fishes 
from  the  red tide a reas .  Collections w ere  m ade  w ith  a id  of SCUBA, w ith  nets, 
a n d . 'o r  by  h a n d .  Every effort w as  m ade  to  observe a n y  distress behav io r .  
W a te r  sam ples  w ere  collected at o r  n ea r  fish sam pling  locations an d  analyzed 
q u a n t i ta t iv e ly  fo r  G. breve  (cell counts)  in a d d i t io n  to  the  u sua l hyd ro g ra p h ic  
param ete rs .

Specim ens a n d  sam ples w ere  ru sh ed  w i th o u t  refrigera tion  b a c k  to o u r  main  
la b o ra to ry  in St.  Petersburg .  M ost ana lyses  were  b e g u n  w ith in  45 m inu tes  of 
collection or d e a th  an d  none afte r  m ore  th a n  6 hours .  Fishes w ere  subjected to 
a deta iled  nec rop t ic  analysis. A fter  initial o bse rva t ions  an d  m easurem ents  
(color, slime, length , w eight,  etc.) b lood  sam ples w ere  taken  f ro m  one or m ore 
of the sinuses o r  m a jo r  veins just afferent to the hear t .  Blood w as  subjected  to 
s ta n d a rd  hem ato log ica l  analyses inc lud ing  cell counts ,  clotting, a n d  chemistry. 
Carefu l necrop tic  dissection fo llowed. Tissue sam ples were  excised an d  fixed 
for la ter  h is to logical technique processing and  fo r  p re p a ra t io n  for electron 
m ic roscopy .  P ro c ed u res  are detailed  in Q u ick  a n d  H en d e rso n  (28).

Following th e  1973-74 red tide, several o the rs  occurred  f rom  which 
ad d i t io n a l  specim ens were  collected an d  exam ined. In A u g u s t  1974, a red  tide



deve loped  in  the  Gulf off the T am p a  B ay  area  a n d  m o v e d  sho rew ard .  M a n y  
sharks  a p p e a red  inshore, a p p a ren t ly  driven  a h e a d  of the advancing  
dinoflagella te  b loom . These sharks, p r inc ipa lly  y o u n g  spinner  a n d  black tip 
species (Carcharinus m aculip innis  a n d  C. limbarus),  becam e progressively  
lethargic a n d  died. Several specimens w ere  n e t ted  in distress a n d  subjected  to 
necropsy . A s  is usual w i th  sharks, n o n e  floated  af te r  d ea th  an d  the m orta l i ty  
w as  re la tive ly  inobvious .

T h e  fo llow ing  m o n th ,  red  tide ap p e a re d  in n o r th  F lorida near  P a n a m a  City 
an d  m o v e d  w es tw ard  fo r  several w eeks,  finally subsid ing n ea r  Pensacola, 
Florida. W idesp read  fish kills occurred  an d  ir ri ta t ing  aerosols w ere  severe. 
Several cusk  eels (O ph id ion  ho lbrook i)  were collected in rigor mortis  and 
necropsied .

So far, 129 fishes of 15 species and  genera  rep resen ting  13 families, 8 orders, 
and  2 classes h ave  been subjected to detailed  pa tho log ica l  exam ination .

RESULTS

A nalyses  are  still incomplete , but initial f indings a lready  indicate tha t  G. 
breve  red  tide ich thyoin tox ica tion  m a y  be substan tia l ly  different from  the 
processes prev iously  though t to occur.

Sixteen identifiable pathologies  occur  repeated ly  in red  tide exposed fishes 
and  seem to  be due, directly  or indirectly, to G. breve  toxins: 1) anoxic 
p rem o r ta l  distress behavior ,  2) cyanem ia  an d  b ranch ia l  cyanosis,  3) severe 
ach rom ic  norm oblas tos is ,  4) m o d e ra te  to severe, n o rm o c h ro m ic  no rm acy tic  
anem ia. 5i m a rk e d  hem al hyperv iscosity ,  6) increased w ho le  b lo o d  clotting 
time tW B C T), incipient an d  total,  7) increased p acked  cell vo lum e (PCV), 8) 
increased to ta l  b lood  coun t (TBC), 9) increased m ean  cell v o lu m e  (MCV), 10) 
th ro m b o c y to p e n ia ,  11) leucocytopenia ,  12) p lasm a debris, 13) manifest 
p lasm a hem oglobin ,  14) absen t o r  reduced  recent feeding, 15) 
sp lenom egally ,  a n d  16) excessive h epa t ic  vascu la r  endothelia l hem osiderin  
deposition .  Each of these pathologies  is described in som e detail in Q uick  and  
H ende rson  (28).

O b se rv e d  patho logies  tended  to v a ry  so m e w h a t  from  one individual 
specim en to  the next, pa r t icu la r ly  quan t i ta t ive ly .  Since all cases w ere  na tu ra l  
exposures, w e can only infer the  level of toxin(s) each m a y  h a v e  encountered  
from  o u r  know ledge  of G. breve  concen tra t ions  in the  collection area at and  
before the tim e of collection. O n e  w o u ld ,  therefore, expect the  effects on  the 
fishes to differ  so m e w h a t  f rom  place to place an d  time to time in different 
collections. Som e differences were  seen, how ever,  be tw een  specimens of the 
sam e species f ro m  the same collection an d  p re sum ab ly  f rom  the sam e school. 
Since these ind iv iduals  p ro b a b ly  h ad  the  sam e red tide exposure  h is to ry ,  w e 
m ust conc lude  th a t  there is som e v a r ia t io n  in ind iv idual response to  G. breve  
un d er  s im ila r  conditions.  This  v a r ia t io n  m a y  be d u e  to  ind iv idual genetic or 
physiologica l postures .
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A  m uch  grea ter  diversi ty  of patho log ica l  responses  w as  seen be tw een  species 
th a n  betw een  ind iv iduals  of a  single species. In  fact, the  tw o  species fo r  which 
w e  h a d  the m ost cases, the s tr iped  m ulle t (M u g i l  cephalus)  a n d  the  ladyfish 
(Elops saurus)  sh o w ed  a lm ost com plete ly  opposite  responses to  a red  tide 
intoxication .

C O NCLUSIO NS

A s w e  said earlier, acute, n o n  species specific neuro in tox ica t ion  is the rule in 
la b o ra to ry  studies of G. breve  toxin  an d  has  been  inferred f ro m  limited field 
observa tions .  T h e  results of o u r  s tudies of n a tu ra l ly  exposed fishes, how ever,  
lead  us  to p ro p o se  tw o  addi t iona l  m echan ism s o f  d ea th  in red  tides: 1) chronic 
neu ro in tox ica tion  a n d  2) ch ron ic  le thal h e m o p a th y .  Unlike the acute 
neu ro in tox ica tion  which  seems to result in  dea th  of an y  fish exposed to 
sufficient toxin, the  tw o  chron ic  in tox ica tions seem to  be species specific, the 
ladyfish  being a  g o o d  example of the fo rm er  a n d  mullet of the la tte r.  M a n y  
fishes show  elem ents of bo th .

In ch ron ic  neu ro in tox ica tion ,  exposed  fishes seem to  act a lm ost  norm ally  
du r ing  m a n y  h o u rs  o r  days of exposure  to red  tide. A  neu ro m u sc u la r  crisis 
then occurs causing extreme, uncon tro l led ,  b u t  so m e w h a t  coord ina ted ,  
hyperac tiv i ty .  R ap id  sw im m ing  in large circles an d  leaping f ro m  the w ate r  is 
typical .  This degenerates  to an  u n c o o rd in a ted  v ib ra t ing  an d  tum bling  and  
d ea th  ensues rap id ly ,  usually  in 15 to  30 seconds af te r  the beg inning  of the 
agona l distress per iod .  T erm ina l  ca rd iac  arres t  w as  directly  observed  in small 
t ran sp a ren t  anchov ies  (A n c h o a  mitchelli).  A t  necropsy , chronically  neu ro ­
in tox ica ted  fishes sh o w  little p a th o lo g y  aside f ro m  slight p rec ipa te  hemolysis 
as evidenced by  co rpuscu lar  ghosts ,  p lasm a debris ,  a n d  p a te n t  hem oglobin-  
emia, a n d  frequen t ce reb rovascu lar  congestion . The  hem olysis is consistent 
w ith  th a t  seen in cases of lactic ac id  bu i ld u p  in the b lo o d  due to  cap tu re  stress 
an d  struggle (30). It is therefore likely th a t  it results f ro m  the  fata l agony  ra the r  
th a n  directly  f ro m  red  tide effects. It m a y  be significant th a t  ladyfish and  
anchov ies  seem to  be  exceptionally  susceptible to  le thal h e m o p a th ic  acidosis 
f rom  ca p tu re  stress un d er  n o n  red  tide conditions.

Ind iv idual fishes of the sam e species seem to v a r y  in their sensitivity to the 
red  tide toxins. Typically ,  in  a  large school u n d e r  co n t in u o u s  exposure, 
ind iv idual fish r a n d o m ly  bu t su d den ly  en ter  the p rem o r ta l  frenzy  an d  expire. 
T h e  m a jo r i ty  con t inue  to act n o rm a l ly  until each, in tu rn ,  is affected.

In chronic  h e m o p a th ic  in tox ica tion ,  exposed  fishes seem to  show  a 
progressive general hypoesthesia ,  par t icu la r ly  ocu la r  hypoes thes ia  and  
hypacusis ,  an d  hypok ines ia .  Balance an d  co o rd in a t io n  do  n o t  seem to  be 
affected and  once a fright response  is elicited, it appears  norm al .

As before, p re m o r ta l  distress seems to  over take  ind iv idual fish suddenly ,  
f requently  fo llow ing  a fright response  o r  o ther  exertion. Unlike  the prev ious 
h yperac tiv i ty ,  f ishes in te rm ina l  h em opa th ic  distress undergo  a slightly

417



hypoac tive ,  anoxic b eh a v io r  m im ick ing  the  su r face  b rea th in g  a n d  gulping seen 
in fishes im m ersed  in oxygen  deficient w ate rs .  P rogress ive  w eaken ing  follows 
a n d  the  fish begin to sink fo r  sh o r t  per iods  b e fo re  sw im m ing  b ack  to the 
surface. These periods of s inking to w a rd  the  b o t to m  increase in length as the 
time a t  the surface decreases. S w im m ing  becom es  increasingly encum bered  as 
co o rd in a t io n  is lost a n d  d ea th  com es uneven tfu lly .  Som etim es, there is a 
m o m e n t  of u n c o o rd in a ted  hy p erac t iv i ty  just p re m o r ta l .  T im e  f ro m  in it iat ion 
of te rm inal  distress to d ea th  w as  u sua l ly  15 to  30 m inutes.

A t  necropsy , these fish typ ically  sh o w ed  m ost if n o t  all of the  16 pathologies  
lis ted prev iously .  The  fish a p p a ren t ly  ate little or no th in g  in the ir  
hypoes the t ic -hypok ine tic  state .

H em olys is  also seems to occu r  chronically  du r ing  this per iod  of a lm ost 
a sy m p to m a t ic  exposure to  red  tide. T h e  finding of well deve loped  no rm acy tic  
anem ia  w ith  rep lacem ent norm ob las to s is  is evidence of selective hem aca the r-  
esis of som e du ra t io n .  T h e  sp lenom egally  an d  p ro n o u n ce d  hepatic  
hem osiderosis ,  co m m o n  results of such ch ron ic  hem oclasis ,  fu rther  suppo r t  
th is  in te rp re ta t ion .

How ever,  f indings of p a te n t  p la sm a  hem oglob in ,  p la sm a  debris, an d  
co rpuscu la r  ghosts  are indicative of an  acu te  hem oly t ic  crisis. The  degree of 
hem oglob inem ia ,  o f ten  a p p ro a ch in g  the co rpuscu la r  hem oglob in ,  far  exceeds 
tha t  found  in cases of distress m ed ia ted  lacticemia. It w o u ld  seem th a t  som e 
unusua l  rap id  hem olysis  occurs dur ing  te rm inal  distress in a d d i t io n  to the long  
te rm  preexisting chronic  hem olysis.  T h e  ob se rv a t io n  of the rap id  darken ing  of 
the  gills of fishes u p o n  la b o ra to ry  exposure  to G. breve  (Doig, pers. com m .)  
an d  of the ears an d  feet of injected mice (Trieff, pers. co m m .)  m ay  b e  a 
m an ifes ta t ion  of sim ilar acu te  hem og lob inem ia  in  these anim als.  T h e  observed 
cyanem ia  could  have  resulted  f ro m  the  hem og lob inem ia  except th a t  it w as  
nonreversib le  in air.

T h e  m a rk e d ly  elevated  h em ato c r i t  (PCV) is indicative of deh y d ra t io n  as is 
the increased TBC. H yperv iscosity  w o u ld  also b e  expected  un d er  these 
conditions,  a l though  the  observed  level grea tly  exceeds th a t  seen in prev ious  
cases of d e h y d ra t io n .  T h e  ind ica ted  level of hem o co n c en tra t io n  is m uch  
g rea te r  th a n  th a t  result ing  f rom  p e r io d s  of exercise (31). Teleosts  can  be qu ite  
susceptible to  d eh y d ra t io n  due  to  the ir  dependence o n  active t ranspo r t  
m echan ism s in  gills to m a in ta in  the ir  h y p o to n ic i ty  re la tive  to  sea w ater .  T hus,  
agents  tha t  d is rup t  this o r  associa ted  physiological m echan ism s can cause 
rap id  deh y d ra t io n .  O u r  hypo thes is  of d eh y d ra t io n  of teleosts b y  red  tide is 
fu r the r  su p p o r te d  b y  th e  fact th a t  e lasm obranchs ,  n o rm a l ly  n ea r ly  isotonic to  
sea w ater ,  sh o w e d  little o r  n o  increase in hem atocri t ,  TBC, or viscosity. 
A lth o u g h  there  w ere  n o  d irect ind ica t ions  of the  d u ra t io n  of the  
h em o co n c en tra t io n ,  experience suggests th a t  such a severely increased 
v iscosity  (w he the r  or n o t  due to deh y d ra t io n )  w as  sufficiently  p ro n o u n ce d  to 
h a v e  been rap id ly  lethal b y  sp o n ta n e o u s  capillary  hem ostasis .  The  hepatic  
v asocons tr ic t ion  due  to  endo the lia l  hem osiderosis  w o u ld  b e  expected to  
agg rava te  this m echanism .
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T h e  m a rk e d ly  increased incipient W B C T  a n d  s im ilarly  increased o r  infinite 
to ta l  W B C T  ind icate  severe d is rup tion  o f  the  n o rm a l  c lo tting  m echanism s. T h e  
f re q u en t  findings of po lym erized  shor t  f ib r in  f ibers (soft clot) su spended  in the  
se rum  suggest som e diffuse in trav ascu la r  coagu la t ion  m a y  be active. These  
fibers d id n o t  anas tom ose  n o r  con trac t  u p o n  s tand ing  and ,  in m ost  cases were  
n o t  adhesive  to  e ry throcytes .  This  p resence  o f  su spended  f ib rin  fibers m a y  act 
synergis tically  w ith  the increased P C V  to p ro d u ce  the  observed  hem al 
hyperv iscosity .  T h e  th ro m b o c y to p e n ia  is fu r the r  evidence of clotting 
abnorm a li t ies .  T h e  few th ro m b o c y tes  p resen t d id  seem to  show  n o rm a l  
coagu la tive  activ ity ,  how ever.

T hese  p ro p o se d  in toxicative m echan ism s plus  o the r  obse rva tions  including 
p ro n o u n c e d  cyanem ia  invite the ques tion  of w h a t  is the  ac tua l  cause of dea th  
in fishes th a t  h ave  hem opath ic  response  to red tide. A t  least fou r  of the  
cond i t ions  seem to be po ten tia lly  le thal:  d e h y d ra t io n ,  hem al  hyperv iscosity ,  
cyanem ia ,  a n d  hemocatheresis .  Some clue m a y  be p ro v id e d  b y  the  anoxic 
p rem o r ta l  b e h a v io r  of affected fishes. It w o u ld  be expected  th a t  rep lacem ent of 
e ry th ro cy te s  b y  achrom ic no rm ob las ts  w o u ld  g rea t ly  decrease the  oxygen 
t r a n sp o r t  capac i ty  of the b lood .  The  irreversible cyanem ia  is fu r th e r  evidence 
of loss of ava ilab il i ty  of hem og lob in  fo r  oxygen  t ra n sp o r t .  A n y  decrease in 
b lo o d  flow  due to hyperv iscosity  w o u ld  fu r th e r  agg rava te  this s ituation .  It 
m a y  thus  be th a t  fish susceptible to red tide h e m o p a th y  succum b by  histologic 
an o x ia  even  tho u g h  sufficient oxygen m a y  be presen t in  the  su rround ing  
w ate r .  S uch  a m echanism  also suggests a  synergism  w ith  depressed sea w a te r  
oxygen  concen tra t ions .  Several u nusua l  fish kills assoc ia ted  w ith  red  tides, 
such  as those  repo r ted  on  offshore reefs b y  S m ith  (32) m a y  h a v e  been 
a c ce n tu a ted  o r  caused b y  such a synergism.

T h is  w o rk  is still continuing w ith  p a r t icu la r  em phasis  on  clarifying som e of 
the p rocesses  a n d  m echanism s hypo thes ized  in the  foregoing  section and  to 
de te rm ine  the  significance of o the r  conditions such as leucocy topen ia  and  
cy a n em ia  th a t  rem ain  unexplained . F u rthe r  s tudies will be m a d e  th rough  
l a b o ra to r y  exposures  of selected m arine  an im als  to  contro l led ,  quan t i ta ted  G. 
breve  cultures.

D IA G N O S T IC  A P P L IC A T IO N S

O n e  of th e  im p o r ta n t  an d  m o s t  difficult activities of m a rin e  env ironm enta l  
b io logis ts  is the  de te rm ina tion  of cause in fish kills a n d  o the r  mortalities,  
epizootics ,  an d  epiphyto tics .  The  f inding of an  identifiable, un ique  sign 
com plex  in a t  least som e species of fish c o m m o n ly  k illed in  G. breve  red  tides 
p ro v id es  a d iagnostic  tool of considerab le  value.

H ere to fo re ,  diagnosis of red  tide has on ly  been  possible if a  p roper ly  
collected, carefu lly  t ranspor ted ,  fresh, w a te r  sam p le  w as  ava ilab le  for 
analysis .  N o w ,  a t  least w ith  som e species of fish, such a diagnosis can  be m ade  
w i th o u t  w a te r  samples. Fortuna te ly ,  the  species th a t  sh o w  the  strongest 
h em o p a th ic  signs are  also those  th a t  die earliest a n d  m ost com m o n ly  in G. 
breve  red  tides.
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A lready ,  diagnosis o f  red  tide has been  m a d e  b y  exa m in a t io n  of fish in 
several cases an d  later supported  b y  w a te r  co llec tions: in  tw o  m ulle t kills 
th o u g h t  to h a v e  resulted f rom  culls a n d  losses f ro m  nets  of f isherm en; in an 
offshore kill of grunts in w hich  the ac tua l  red  tide w as  concealed  b e lo w  the  
the rm ocline ;  a n d  in a sha rk  kill in w h ich  low  oxygen  h a d  b een  suspected. In a 
reverse  s i tua t ion  where cusk eels were th o u g h t  to  h av e  been  killed b y  G. breve  
as  con f irm ed  b y  w ate r  samples, nec rop tic  ana lys is  ind ica ted  anoxia  to  be  the 
p r im a ry  cause of death .  In one surpris ing  case, f re sh w a te r  goldfish show ed  a 
p a r t icu la r ly  well developed red tide sign com plex .  It appears  f ro m  this and  
o th e r  evidence th a t  the G. breve  toxins m u s t  h a v e  been  t ran sp o r te d  as aerosols 
f ro m  the n ea rb y  red tide affected b a y  to  the poo ls  con ta in ing  the 
hypersens it ive  fish. In ano ther  case, an extensive ,m assive  duck  kill occurred  in 
a red  tide area .  A nalyses show ed  mild red  tide h e m o p a th y  in the ducks. O th e r  
d a ta ,  h ow ever ,  d id no t  indicate the re d  tide to  b e  causa tive  of the b ird  
m o r ta l i ty  a n d  the hem opath ic  sy n d ro m e  w as  judged nonle thal .
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