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ABSTRACT

A 1971 spring-summer Red Tide ( Gymnodinium breve) and associated stress 
cond it ions resu lted  in the near e x t i rp a t io n  o f  patch re e f b io tas from a t lea s t 
1,536 km  ̂ o f  the centra l West F lo r ida  She lf o f f  Sarasota, F lo r id a .  Reeffishes, 
c o ra ls ,  sponges, polychaetous anne lids , mollusks, decapod crustaceans, ascidean 
urochordates, echinoderms, and benthic algae a l l  sustained heavy m o r ta l i t ie s  
a t reefs in  13-30 m, approximately 13-52 km o ffshore . An estimated 80 -  90% o f 
the f is h  species inh ab it in g  o ffsh o re , deep reefs (18-30m) and 77% (45 o f  58) 
o f  the f i s h  species occupying inshore, shallow reefs (13-18 m) perished during the 
Red Tide. Of the commercially important re e f f is h e s ,  the red grouper 
( Epinephelus morio) and hogfish (Lachnolaimus maximus) were completely e x te r 
minated, but the gag (Mycteroperca m ic ro le p is ) ,  scamp (M. phenax) ,  jew fish  
( Epinephelus i t a j a r a ) , and gray snapper (Lutjanus g r ise us ) survived as remnant 
populations a t  scattered re e f  l o c a l i t i e s .

Certain re e ff ishes  colonized shallow reefs almost immediately a f te r  Red 
Tide cond it ions abated; others d id  not appear fo r  10-12 months afterward«
Several f ishes  p rev iously  rare  or absent a t shallow mideastern Gulf reefs 
(e .g . ,  red snapper, Lutjanus campechanus) tem porari ly  colonized there in 
abundance fo l lo w in g  the Red Tide.

High organic content a r is in g  from unusually heavy land ru n -o f f ,  elevated 
sea temperatures, water column s tagna tion , and dense phytoplankton blooms 
(e sp e c ia l ly  Prorocentrum) c o n tr ib u t in g  to  anoxia in bottom waters, resu lted  
in  nearshore (8-24 km) re e f f is h  k i l l s  along 97 km o f  the F lo r ida  w est-centra l 
coast during July-September 1974.

The possib le  impact o f  these f i s h - k i l l i n g  phytoplankton blooms upon 
mideastern Gulf o f  Mexico re e f f is h e r ie s  is  discussed.

1/ C on tr ibu tion  No. 266, F lo r ida  Department o f Natural Resources, Marine 
Research Laboratory, S t. Petersburg, FL 33701 -
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INTRODUCTION

Waters ove r ly ing  the centra l West F lo r id a  She lf f re q u e n t ly  support dense 
phytoplankton blooms which sometimes cause or co n tr ibu te  to  marine animal 
mass m o r ta l i t ie s .  Although the Red Tide organism Gymnodinium breve is  
usua lly  im plica ted  in these mass m o r ta l i t ie s ,  o ther p lankton species are 
occas iona lly  responsib le . During summer 1966, a bloom o f the  to x ic  d ino- 
f la g e l la t e  Gonyaulax monilata produced f is h  k i l l s  in  coasta l and nearshore 
waters along the southwest F lo r ida  coast (W ill iams and In g le ,  1972). Un
published analyses o f  mollusk and echinoderm c o l le c t io n s  taken by the F lo r id a  
Board o f  Conservation during 1965-67 in d ic a te  th a t  th is  G. monilata bloom 
resu lted  in  a t le a s t l im i te d  re e f k i l l s .  Dense blooms o f  the d in o f la g e ! la te  
Prorocentrum were thought to  be a t le a s t  p a r t i a l l y  responsib le  fo r  a lowered 
oxygen content in  bottom waters, re s u l t in g  in  nearshore (8-24 km) re e f k i l l s  
along the F lo r id a  west-centra l coast during July-September 1974 (Smith, 1975a).

A 1971 spring-summer G>. breve Red Tide in  the mideastern Gulf o f  Mexico 
provided a unique opportun ity  to  document and evaluate i t s  impact upon 
selected re e f  communities studied since May 1970. Accumulation o f  baseline 
in fo rm ation  a t  s p e c i f ic  study reefs o f f  Sarasota, F lo r id a ,  allowed the un
precedented oppo rtun ity  to  record the degree o f  -fauna1 and f l o r a l  m o r ta l i t y  
and to  study patterns o f  reco lo n iza t ion  and succession o f  re e f  b io tas fo r  
several years th e re a f te r  (Smith, 1975b).

Patches o f  d isco lo red  water and f is h  k i l l s  were reported between Naples 
and S t. Petersburg along F lo r id a 's  west coast during A p r i l  through August 1971. 
Fish k i l l s  and a s h o r t - l iv e d  Red Tide occurred w ith in  Sarasota Bay during A p r i l  
(S te id inge r and In g le ,  1972). Coastal and o ffsho re  f is h  k i l l s  were i n i t i a l l y  
detected in  southern areas o f  th is  reg ion , but by ea r ly  June, moderate f is h  
k i l l s  and _G. breve concentrations occurred between Sarasota and F t. Myers, 
F lo r ida  (S te id in ge r and In g le ,  1972; Smith, 1975b). Subsequently, Red Tide 
blooms were transported inshore, re s u l t in g  in  massive f is h  k i l l s  w ith in  Tampa 
Bay and C harlo tte  Harbor (S te id inge r and In g le ,  1972; S te id inge r and Joyce, 
1973). Red Tide cond it ions  pers is ted  in  Tampa Bay and adjacent G u lf waters 
u n t i l  September.

RESULTS AND DISCUSSION 

OFFSHORE REEF KILLS DURING THE 1971 RED TIDE

SCUBA observations a t w ide ly scattered l o c a l i t i e s  fo l lo w ing  the 1971 
Red Tide revealed re e f f is h  k i l l s  over a t  le a s t  1,536 km2 o f  cen tra l West 
F lo r ida  S he lf (Smith, 1975b). Fish k i l l s  were not l im i te d  to  the sm alle r 
benth ic f ishes  but included large je w f ish  and groupers (Serran idae), snappers 
(L u t ja n id a e ) ,  t r ig g e r f is h e s  and f i l e f i s h e s  (B a l is t id a e ) ,  porgies (Sparidae), 
and grunts (Pomadasyidae) (Table 1 ). Although re e f f is h  species demonstrated 
d i f f e r e n t  to lerances to  progressive Red Tide co n d it io n s , representa tives o f  
v i r t u a l l y  every species common on the reefs were observed dead on the bottom 
and/or surface. Certa in  ree ff ishes  w ith  reduced or nonexistent swim bladders 
(e .g . ,  gob iids and blenni ids) were not v is ib le  in  surface k i l l s  but were 
abundant on the bottom.
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Table 1. L is t  o f Common and S c ie n t i f i c  Names o f  Fishes Mentioned in the 
Text.

Family Serranidae
Epinephelus morio Red grouper
E. cruentatus Graysby
E. i t a ja r a Jewfish
Mycteroperca m icro lep is Gag
M. phenax Scamp
Serranus sub liga r iu s Belted sandfish
C e n tro p r is t is  melana Southern sea bass

Family Labridae
Lachnolaimus maximus Hogfish
Halichoeres b iv i t t a tu s S lippe ry  d ick
H. caudalis Painted wrasse

Family Scaridae
Scarus c ro icens is S tr iped  p a r ro t f is h

Family Lutjan idae
Lutjanus griseus Gray snapper
L. campechanus Red snapper

Family Pomacentridae
Pomacentrus v a r ia b i l i s Cocoa damselfish
P. p a r t i tu s B ic o lo r  damselfish

Family Grammistidae
Rypticus maculatus Whitespotted soapfish

Family Ephippidae
Chaetodipterus faber A t la n t ic  spadefish

Family B lenniidae
Blennius marmoreus Seaweed blenny

Family Sparidae
Archosargus probatocephalus Sheepshead

Family Batrachoididae
Opsanus pardus Leopard toad fish

Family Pomadasyidae
Haemulon p lum ier i White grunt

Family B a l is t id a e
B a lis te s  capriscus Gray t r ig g e r f is h

Family Chaetodontidae
Chaetodon oce lla tus S po tf in  b u t t e r f l y f i s h
C. s t r ia tu s Banded b u t te r f l y f i s h
C. ca p is tra tus Foureye b u t t e r f l y f i s h
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Reeffishes were not the on ly b io t ic  elements to  be adversely a ffec ted  by 
the Red Tide. Corals, ascidean urochordates, mollusks, decapod crustaceans, 
sponges, echinoderms, and benthic algae a l l  su ffe red  heavy m o r ta l i t ie s  w ith in  
the Red Tide area. Inve rteb ra te  m o r ta l i t ie s  were presumably due to  secondary 
stresses (e .g . ,  anoxia and hydrogen sulphide poisoning) ra th e r  than the d i re c t  
ac tion  o f  Ĝ. breve to x in (s ) .

An estimated 80 -90% o f  the f is h  species in h a b it in g  o ffsh o re , deep reefs 
(18-30 m) perished during the Red Tide. At inshore, shallow reefs (13-18 m),
77% (45 o f  58) o f  the res iden t f is h  species probably perished. Fishes 
su rv iv ing  as remnant populations a t ce r ta in  shallow reefs  included the 
serranids Mycteroperca m ic ro le p is ,  M. phenax, Epinephelus i t a ja r a ,  and 
Serranus s u b l ig a r iu s ;' the lu t ja n i  d Lutjanus g r is e u s ; the pomacentrid Poma
centrus^ v â n ib jT lT r~ th e  ephippid Chaetod ip terus fa b e r ;  the grammistid Rypticus 
maculatus; the b lenni id  Blennius marmoreus; the sparid  Archosargus probato -  
cephalus; the b a tra c h o id id 'Opsanus pardus; the pomadasyid Haemulon p lu m ie r i;  
and the b a l i s t i d  B a lis tes  cap r iscus . T e r r i t o r i a l i t y  and th igmotaxis exh ib ited  
by most re e f f ish e s  c e r ta in ly  con tr ibu ted  to  t h e i r  nearly  complete a n n ih i la t io n  
during the Red Tide. Fishes not e tho log ieaT ly  or p h y s io lo g ic a l ly  confined to  
bottom waters ( e .g . ,  L. griseus and EL cap r iscus) survived in  g rea test numbers, 
poss ib ly  by moving above the thermocline in to  more oxygenated waters. Reef
f ishes  most susceptib le  to  the Red Tide, as ind ica ted  by the ea r ly  and complete 
e ra d ica t io n , were b e n th o p h i l i  sc iaen ids, ehaetodontids, pomacanthids, la b r id s ,  
and the serran id  Epinephelus m orio .

RECOLONIZATION AND SUCCESSION OF REEFFISHES

Certain re e f f ish e s  colonized shallow reefs almost immediately a f te r  Red 
Tide condit ions abated (e .g . ,  Chaetodon o c e l la tu s , Epinephelus c ruen ta tus , 
and Acanthurus c h iru rg u s ) ;  others d id  not appear f o r  10-12 months th e re a f te r  
(e .g . ,  Halichoeres b i v i t t a t u s , H_. caudal i s , Lutjanus campechanus, and E_. morio) . 
The e a r ly  appearance o f  species o f  ehaetodontids and acanthurids probably 
re f le c ts  t h e i r  a b i l i t y  to  u t i l i z e  ocean cu rren t t ra nsp o rt mechanisms due to 
th e i r  p ro trac ted  p lank ton ic  larvae.

Several f ish e s  p rev ious ly  rare  (e .g . ,  Chaetodon c a p is t ra tu s , C_. s t r i a t u s , 
and Acanthurus ch iru rg u s ) o r absent (e.g.-, E. c ruen ta tus , Scarus c ro ic e n s is , 
Pomacentrus p a r t i t u s , and J_. campechanus) a t  shallow reefs colonized there 
fo l lo w in g  the Red Tide. Many o f  these l a t t e r  f ishes  are deep water members o f 
species pa irs  demonstrating bathymetric exclusion p r io r  to the Red Tide. The 
shoreward expansion o f  species' ranges poss ib ly  r e f le c ts  relaxed competition 
from congeneric and e c o lo g ic a l ly  s im i la r  species exterminated or decimated 
a t  shallow ree fs  during the Red Tide. For example, ju v e n i le  red snapper 
(l^. campechanus) became estab lished on ly  a t  shallow water reefs  unoccupied by 
remnant populations o f  gray snapper (I_. g r ise u s ) .

IMPACT OF PREVIOUS RED TIDES ON MIDEASTERN GULF REEF COMMUNITIES

D ire c t SCUBA observations a t mideastern G u lf re e fs ,  both before and a f te r  
the 1971 Red T ide, ind ica ted  th a t ,  under the appropria te  environmental s i tu a t io n ,  
ce r ta in  _G. breve blooms are capable o f ex term inating reef b io tas . Seasonal 
progression and tru e  eco log ica l succession fo l lo w in g  reef k i l l s  r e s u l t  in  a
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procession o f  q u a l i t a t i v e ly  and q u a n t i ta t iv e ly  d is t in c t  ichthyofaunas. Despite' 
t h i s ,  e a r l ie r  speculations assumed th a t the e f fe c ts  o f  Red Tides are "n e g l ig ib le  
and s h o r t - l iv e d "  (Springer and Woodburn, 1960), they "o n ly  tem porar i ly  a f fe c t  
inshore and nearshore re e f f is h e r ie s "  (S te id inge r and In g le ,  1972), and the 
"percentage k i l l  is  undoubtedly low" (Rounsefell and Nelson, 1966).

The se ve r ity  o f the 1971 Red Tide is  probably not unprecedented. The 
present study, as well as P ro jec t Hourglass (cloyce and W il l iam s, 1969) i n 
d icates th a t thermoclines may p e rs is t  la te  in to  the ye a r ,  p a r t i c u la r ly  in  
deep water, and th a t  isothermy may not occur u n t i l  la te  summer. Accord ing ly , 
hydro log ica l cond it ions  have probably favored oxygen dep le tion  in  waters over- 
ly in g  reefs during past Red Tides, p a r t ic u la r ly  those s ta r t in g  or r e - in i t i a t e d  
during spring and summer (e .g . ,  1947, 1954, and 1967).

Eyewitness reports  and in d i re c t  evidence also suggests th a t events s im i la r  
to those observed during the 1971 Red Tide have occurred in the past. Springer 
and Woodburn (1960) re la ted  reports th a t  the southern sea bass (C e n tro p r is t is  
melana) was common a t  nearshore reefs o f f  Tampa Bay p r io r  to the 1957-58 Red Tide, 
but ra re ly  caught th e re a f te r .  Local fishermen also noted the red grouper 
(£• morl' ° ) to  be niore abundant than the gag (M. m ic ro le p is )  p r io r  to 
the 1957-58 Red Tide. Two years la t e r ,  however, Springer and Woodburn (1960) 
found M_. m ic ro lep is  to  be more abundant a t loca l ree fs . This seeming d is 
crepancy is  cons is ten t w ith  d i f f e r e n t ia l  m o r ta l i t ie s  o f  E. morio and M. 
m icro lep is  fo l lo w in g  the 1971 Red Tide. At shallow water re e fs ,  E. morio 
populations were completely exterminated w h ile  M_. m itró  1 ep is survTved as 
remnant popu la tions. Capt. Andrew Rasmussen (pers. comm.)£/ re co llec te d  th a t  
the hogfish ( Lachnolaimus maximus) was not represented in  inshore party  boat 
catches o f f  Cortez, F lo r ida  fo r  3-4 years fo l lo w in g  the 1957 Red Tide. Local 
fishermen have reported th a t c e r ta in  ree f areas "have the c h a ra c te r is t ic s  o f  
productive ( i . e . ,  hard) bottom" in  fathometer traces but are "n o r to r io u s ly  
unproductive," poss ib ly  representing "dead bottom" areas devastated by Red 
Tides (Moe, 1963). A considerable q ua n t ity  o f  dead sponges and a lcyonarian 
corals observed a t  a ree f s i te  o f f  Tarpon Springs, F lo r id a ,  was thought to  be 
l inked to Red Tide cond it ions and f is h  k i l l s  p e rs is t in g  from November 1946 to 
August 1947 (Anonymous).1 /

Nearshore (8-24 km) re e f f is h  k i l l s  occurred along 97 km o f  F lo r id a 's  west- 
centra l coast between Bayport and Sarasota during July-September 1974 (Smith, 
1975a). However, G_. breve was not im plica ted  in  these p a r t ic u la r  re e f k i l l s .
High organic con ten t»ar is ing  from unusually heavy land ru n -o f f ,  e levated sea 
temperatures, water column stagnation , and dense phytoplankton blooms (p a r t ic u 
l a r l y  Prorocentrum)» undoubtedly f a c i l i t a t e d  oxygen depression in  bottom waters 
overly ing  ree fs .

2/ Andrew S. Rasmussen, pa rty  boat opera to r, 2600 G u lf D rive , Bradenton Beach, 
FL 33510, pers. comm.

3/  Anonymous, 1948. Survey o f  the sponge grounds north  o f Anclote L ig h t .  Un
published re p o r t  prepared by the U n ive rs ity  o f  Miami fo r  the F lo r ida  State 
Board o f Conservation, 21 p. Marine Research Laboratory, F lo r ida  Department 
o f  Natural Resources, St. Petersburg, FL 33701.
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RED TIDES AND GULF REEF FISHERIES

Data analys is f o r  two severe Red Tides (1947 and 1953) revealed landings 
o f  commercial and sport f ish es  to  be la rg e ly  unaffected (Springer and Woodburn, 
1960; S te id inge r and In g le ,  1972). However, the re la t io n s h ip  o f  Red Tide to 
G u lf re e f f is h e r ie s  requ ires re -eva lua t ion  (Smith, 1975b). Following the 1971 
Red Tide, f o r  example, Sarasota-based party boats expended greater f is h in g  
e f f o r t  fa r th e r  o ffshore  a t unaffected ree fs , thereby m a in ta in ing  catches 
s a t is fa c to ry  to  t h e i r  c l ie n te le .  Since these o f fsho re , deep w a te r  f i s h e s  y ie ld e d  
more f ishes  and a g rea ter incidence o f  la rg e r  f is h e s ,  the loca l s p o r t f is h in g  
catch may even have increased a f te r  the Red Tide. Most commercial bottom 
fishermen are not immediately a ffec ted  since most Red Tides occur inshore o f  
t h e i r  regu la r f is h in g  grounds. Some fishermen, however, be lieve  t h e i r  fu tu re  
f is h in g  success w i l l  be adversely a ffec ted  by Red T ides, due to  reduced re 
cru itm ent through exterm ination o f  small groupers or dep le tion  o f  breeding 
stock a t shallower, inshore reefs (Moe, 1963). Catch s t a t i s t i c s  should be 
analyzed to see whether major Red Tides are accompanied 2-3 years la t e r  by 
reduced catches o f  groupers and gray snapper, due to  diminished recru itm ent 
to  the o f fsh o re , deep water commercial f is h e ry  o f  those species a ffec ted  a t 
inshore, shallow water re e fs .  Examination o f  hogfish (L. maximus) commercial 
landings from the F lo r ida  west coast between 1950 and l f7 4  reveals th a t  the 
Red Tides o f 1953, 1957, 1959-60, and 1971 were fo llowed 1-2 years la te r  by 
s ig n i f i c a n t ly  reduced catches. The hogfish is  p a r t i c u la r ly  vu lnerable to  Red 
Tides because ju v e n i le s  p re fe r  inshore , shallow reefs and are acu te ly  se n s it ive  
to  e a r ly  Red Tide con d it ion s . During the 1971 Red Tide, the hogfish and a l l  
o the r la b r i  d species were completely a nn ih ila ted  a t  shallow ree fs .

D i f fe re n t ia l  species to lerances during Red Tides and successional ad
vantages o f  c e r ta in  species th e re a f te r  may co n tr ib u te  g re a t ly  to  year class 
f lu c tu a t io n s  in  re e f f is h  popu la tions. I t  is  p red ic ted , f o r  example, th a t  the 
expanded h a b ita t  a va ila b le  to  ju v e n i le  red snapper fo l lo w in g  the 1971 Red Tide 
w i l l  be re f le c te d  by increased catches when these f i s h  r e c r u i t  to  the deep water 
commercial f is h e ry .

CONCLUSION

Compelling evidence has been presented to  suggest th a t  the occurrences 
o f  Red Tides and ce r ta in  o ther phytoplankton blooms are important and h i th e r to  
underestimated phenomena, reg u la t in g  composition, abundance, and d is t r ib u t io n  
o f  r e e f f is h  assemblages on the cen tra l West F lo r id a  She lf.
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