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A B S T R A C T : C o m p a ra b le  c lim a tic  c o n d i t io n s  o n  b o th  co as ts  o f  c e n t ra l  F lo r id a  re s u lte d  in  c o ld  in ­
d u c e d  fish  m o rta li t ie s  f ro m  19 J a n u a r y  to  13  F e b ru a ry  1 9 7 7 . L e th a l  te m p e ra tu re s ,  th e  spec ies 
k ille d  a n d  th e ir  re la tiv e  n u m b e rs  k ille d  a re  c o m p a re d  fo r th e  In d ia n  R iv e r  la g o o n , T a m p a  B ay  a n d  
S a n ib e l Is la n d  e s tu a r in e  s y s te m s . F if ty -s ix  sp ec ie s  w e re  k ille d  in  th e  In d ia n  R iv e r a re a ,  3 6  in  th e  
T a m p a  B ay  a re a , w h ile  19 d ie d  a t  S a n ib e l Is la n d . T h e  h ig h e r  sp ec ie s  m o r ta l i ty  in  th e  In d ia n  R iv e r 
la g o o n  m a y  b e  a t t r ib u te d  to  lo c a l h y d ro lo g ic a l  a n d  to p o g ra p h ic a l  c o n d i t io n s  a n d  a  r ic h e r  ic h th y o -  
fa u n a . C o ld -in d u c e d  m o r ta l i ty  w as n o te d  in  b o th  ju v e n ile  a n d  a d u l t  tro p ic a l  fish es. S o m e  tro p ic a l  
sp ec ies  a p p e a r  to  b e  m o re  e u ry th e rm ie  th a n  o th e rs  as le th a l m in im u m  te m p e ra tu re s  ra n g e d  fro m  
6 to  1 3  C . H y p o th e rm a l s tre ss  a n d  m o r ta l i ty  w e re  o b s e rv ed  in  o ff s h o re  r e e f  fishes.

Prior cold m ortality  accounts from  
the  lite ra tu re  com bined w ith  the  cu rren t 
s tu d y  reveal th a t a to ta l o f  132 fishes 
have suffered cold m orta lity  in F lorida 
w aters.

F lorida m arine fishes variously a ffec t­
ed b y  low  seaw ater tem peratu res have 
been  listed  b y  several au thors for specific 
tim es and locations around  the state 
(W illcox, 1887; V errili, 1901; F inch , 
1917; S to rey  and Gudger, 1936; S to rey , 
1937; M iller, 1940; G allow ay, 1941; 
G u n te r and Haii, 1963; R inckey and 
S alom an, 1964, Snelson, 1978). How-
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ever, sim ultaneous observations o f mass 
cold m orta lity  from  several regions o f 
the state have never been com pared in 
detail. Som e differences and sim ilarities 
in low w ate r tem pera tu re  effects can be 
seen betw een  b o th  coasts o f F lorida 
com pared here. C oncurren t observations 
were m ade o f fish m orta lity  on  the G ulf 
coast (Sanibel Island and T am pa Bay) 
and the  A tlan tic  coast (Indian River 
lagoon). All o f these areas are shallow 
coastal estuaries vulnerable to  significant 
clim atic changes.

T em perate and sub tem pera te  estuarine 
fishes are generally regarded as eu ry ­
therm ie w hen com pared to  offshore 
fish popu lations and subtropical or
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tropical fishes. H ow ever, occasionally 
environm ental extrem es m ay  produce 
extensive m orta lity  in tem p era te  estua­
rine fishes (Blegvad, 1929; G unter, 
1941, 1945, 1947a, 1947b; G u n te r 
and H ildebrand, 1951; S ou thw ard , 
1958; M oore, 1976). T he estuaries 
exam ined in this study  are s itu a ted  w ith ­
in a sub tem perate - sub trop ical transition  
zone betw een the  C arolinian and C arib­
bean faunal regions (Briggs, 1974). B oth  
steno therm ic  tropical C aribbean and 
eury therm ie tem perate  C arolinian fishes 
are sym patric  w ith in  the  stu d y  areas. 
In south-central F lorida estuaries, those 
species m ost sensitive to  low  tem p era­
tures are principally  trop ica l species 
(S to rey , 1937; Briggs, 1974). These 
species in m any cases reach th e ir  n o rth ern  
b reeding  limits in F lorida w aters (Briggs, 
1958, 1974; R obins, 1971; H errem a, 
1974; G ilm ore, 1977) and becom e 
vulnerable to  low tem pera tu re  stress in 
this p o rtion  o f their range (S torey , 
1937).

C om prehensive w ater tem p era tu re  data  
is lacking in historical accounts o f cold- 
induced  fish m ortalities in F lorida. D e­
tailed  air and w ate r tem pera tu re  records 
taken  during Jan u a ry  1976 and  1977 re­
veal atm ospheric and w ate r tem peratu re  
trends that m ay p roduce h ypo therm al 
stress and m orta lity . I t  m ay now  be 
possible to p red ic t the  severity  o f 
atm ospheric cold fron t effects on  the 
local fish fauna in the regions stud ied  
based on com bined  a tm ospheric  and 
w ater tem pera tu re  d a ta  p a tte rn s  p re ­
sen ted  below.

METHODS

A ir tem peratures and w ind conditions 
for th e  St. Petersburg-C learw ater A irpo rt, 
Pinellas C oun ty , T am pa In tern a tio n al 
A irp o rt, H illsborough C o u n ty  and the

Vero Beach A irpo rt, Ind ian  River C ounty  
were taken  from  N ational W eather Ser­
vice (NOAA) records.

Indian  R iver seaw ater tem peratu res in 
the  V ero Beach area w ere furnished by  
the  V ero Beach M unicipal pow er p lan t 
(in take tem peratu res). A tlan tic  su rf tem ­
peratures at V ero Beach w ere taken  daily 
at 0700 h r using a field fahrenheit 
therm om eter. M ost seaw ater tem pera­
tures o th er th an  those m onitored  re ­
m otely  were taken  using a field Celsius 
th erm o m eter a t  a d ep th  o f  0.5 to  1.0 m 
and recorded to  the  nearest 0.5 C. A t­
lantic Ocean tem p era tu res a t the  F lorida 
Pow er and L ight H utch inson  Island 
nuclear pow er p lan t w ere taken  0.75 m 
below  the surface on a con tinuous re­
cording R yan-Peabody therm ograph 
approxim ately  365 m offshore over a 
w a te r d ep th  o f 6 m. In tak e  w ate r tem ­
peratures were also m on ito red  in the 
T am pa Bay area a t tw o  electric gen­
erating  plan ts, Higgins and B artow , 
located  on Old T am p a  Bay (Fig. 1). 
The N ational W eather Service, R uskin, 
F lorida furnished w a te r tem peratures 
for E gm ont Key w hich were tak en  by 
the U. S. Coast G uard . T he  F lorida D e­
p artm en t o f N atural R esources Marine 
Research L aborato ry  furnished G ulf o f 
M exico b o tto m  w ater tem peratu res to  
64 km  o ff Egm ont K ey on a transect o f  
253°.

T ide in fo rm ation  fo r M ullet K ey, 
C learw ater Beach and Bay A ristocrat 
Village was obtained  from  the N ational 
Ocean Survey, Rockville, M aryland.

Fishes were collected  w ith dip nets, 
cast nets , d rop  nets , seine and gili nets 
o r by  hand . W hen fish co llections o r o b ­
servations were m ade, accurate counts o f 
fishes killed were d ifficu lt if  n o t im ­
possible in m ost cases. T herefo re , 
quan tita tive estim ates are based on the 
simple and generally accepted  abundance
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F ig u re  1 .  F lo r id a  m a p : in se t 1 =  T a m p a  a re a ;  2 =  In d ia n  R iv er la g o o n ; B =  S a n ib e l I s la n d  (n o t 
e n la rg e d ) . H B F  = H a rb o r  B ra n ch  F o u n d a t io n ,  In c . sh ip  c h a n n e l. F P L  a n d  L ig h t C o rp .,  H u tc h in s o n  
Is la n d  n u c le a r  p o w e r  p la n t .

categories o f S tarck  (1968); Rare = 
species w here th ree  o r few er specim ens 
were observed o r collected ; O ccasional = 
species observed o r collected a t irregular 
in tervals; F requen t = species co llected  
on num erous occasions o r are tak en  in a 
large percentage o f collections; C om m on 
= species found  in  virtually  every o b ­
servation  o r collection; A b u n d an t =

com m on species p resen t in large num ­
bers. Q uantitative fish sam ples in the 
Indian  R iver lagoon were tak en  w ith 
gili nets, seines, and drop  nets following 
m ethods described by  G ilm ore, e t al. 
(1978).

A ll n om encla tu re  follow s Bailey, 
e t al. (1970) ex cep t fo r the  following 
recen t taxonom ic changes in  w hich the
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la tte r nam e was p referred : Diapterus 
o listhostom us  (G oode and Bean) =
D. auratus Ranzani (D eckert, 1973); 
Harengula pensacolae  (G oode and Bean) 
= H. jaguana Poey (W hitehead, 1973); 
M icropogon undulatus  (L innaeus) = 
M icropogonias undulatus  (L innaeus), 
Bairdiella chrysura  (Lacepede) = Baird­
iella chrysoura  (Lacepede) (C hoa, 19 77).

RESULTS

On 16 and 17 Jan u a ry  1977, an 
arctic cold front moved over the F lorida 
peninsula (Fig. 2). A significant drop in 
air tem peratu re occurred w ith in  a re ­
latively short period  o f tim e. A ir tem p era­
tures at 0700 h r on  15 Jan u a ry  were 17.2 
and 20.0 C at the  St. Petersburg-C lear- 
w ater and Vero Beach a irpo rts , res­
pectively, b u t by  the 1 8 th , 0700 hr tem ­
peratures were 2.8 and -1.7 C, res­
pectively. On the m orning  o f  the 19th a 
light snow fell over m uch o f  F lo rida  and 
on this and the follow ing th ree  days re­
cord low air tem peratures occurred  over 
m ost o f  the sta te  (Palm Beach Post, 
F ebruary  1977). D uring 17-23 Jan u ary  
strong  NW winds were recorded  w ith 
average velocities o f 4.7 m /sec (gusts to 
18.2 m /sec) and 3.7 m /sec (gusts to  11.3 
m /sec) for V ero Beach and St. P eters­
burg, respectively. M inim um  air tem ­
peratures lo r the m onth  were observed 
on the 19th at S t. P etersburg  (1.7 C) 
and on the 2 0 th  at V ero Beach (-3.9 C). 
Seaw ater tem peratu res in the  Indian 
River lagoon (2 7 °3 2 .l'N ) fell from 16.0 
C on the  17th to 6.0 C on the  19 th . T he 
drop  in w ater tem pera tu re  appeared to 
follow the d rop  in air tem p era tu re  by 
24 hours. T here was a th ree  day lag b e t­
ween the m inim um  air tem p era tu re  and 
the A tlan tic  w a te r tem p era tu re  m in i­
m um , as the A tlan tic  m inim um  o f 13.6C 
was n o t reached un til the 23rd  (27°
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F ig u re  2 . A ir a n d  w a te r  te m p e ra tu re s  (°C) fo r 
th e  In d ia n  R iver a n d  T a m p a  B ay s tu d y  arcas , 
J a n u a r y  19 7  7. A . A ir te m p e ra tu re s  a re  fro m  th e  
V e ro  B each a irp o r t  (• — ) a n d  th e  S t .  Peters- 
b u rg -C le a rw a te r  a irp o r t  ( o —• • —)• B- In d ian  
R iver la g o o n  w a te r  te m p e ra tu re s  fro m  th e  V cro  
B each m u n ic ip a l p o w e r  p la n t  (•— ) a n d  th e  
H a rb o r  B ran ch  f o u n d a t io n  s h ip  c h an n e l
( □ ------). O ld  T a m p a  Bay w a te r  te m p e ra tu re
m e an s  b e tw e e n  th e  H iggins a n d  B a r to w  p o w e r  
p la n ts  ( L  ). C. N e a rsh o re  A tla n tic  H u tc h in ­
so n  Is la n d  w a te r  te m p e ra tu re s  (•— ) a re  p lo t te d  
w ith  K gm on t K ey  w a te r  te m p e ra tu re s  (x - • -).

21 .3 'N , 365 m from  shore). Seaw ater 
tem peratu res a t Egm ont K ey at the 
m outh  o f T am pa Bay were considerably 
low er than A tlantic tem peratu res (Fig. 
2). E gm ont Key seaw ater tem peratures 
rem ained below 15.6 C from 25 Dec­
em ber 1976 until 26 February  1977 while 
nearshore A tlantic tem peratu res did n o t 
fall below  15.6 C u n til 20 Jan u a ry . 
A tlan tic  seaw ater tem peratu res were in ­
fluenced b y  the p ro x im ity  o f the  warm 
Florida C urren t. It is n o tew o rth y  th a t a 
com parable warm oceanic cu rren t does 
no t occur adjacent to  the  T am pa Bay 
area. However, inshore w aters on bo th  
coasts had a similar tem pera tu re  p a ttem  
although the Indian R iver lagoon reached 
low er estuarine w ate r tem peratu re 
m inim a than did Old T am pa Bay. A ir 
tem peratures at T am pa and Vcro Beach
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airports w ere generally low er and n o t  as 
m odera te  as those a t  th e  S t. Petersburg- 
C learw ater A irpo rt. The G ulf o f M exico, 
B oca Ciega Bay and Old T am pa Bay o b ­
viously influenced  air tem peratu res over 
pen insu lar S t. Petersburg. S trong  n o r th ­
w esterly  w inds associated w ith  the cold 
fro n t were blow ing from  the  G ulf o f  
M exico, giving S t. Petersburg and O ld 
T am p a  Bay higher tem p era tu re  m ini­
m um s relative to  the o th e r inshore sites 
m o n ito red  o n  b o th  coasts. T hese same 
w esterly  winds cooled b y  the  F lorida 
land mass b ro u g h t relatively colder 
coastal tem peratu res to  th e  Ind ian  R iver 
lagoon and vicinity .

H ypo therm al stress in the local fish 
fauna was n o t no ticed  un til 19’ Jan u a ry  
on b o th  coasts. (Snelson, 1978, concurs). 
Massive m o rta lity , p redom inate ly  o f 
tro p ica l and subtropical species (Table 1), 
was observed from  20 to  23 Jan u a ry  on 
b o th  the  G u lf and A tlan tic  coasts. T he 
follow ing regional accounts p resen t a 
m ore deta iled  analysis o f fish m o rta lity  
for respective areas o f F lorida.

INDIAN RIVER LAGOON

This shallow  saline lagoon (e.g. 
salin ity  range 5 - 55%°, m ean @ 25°/°°) 
ex tends 253 km  along the  east cen tral 
F lo rida  coast from  29°05 'N  to  26° 
5 8 'N. T he m ean d ep th  o f  the  lagoon is 
app rox im ate ly  1.5 m m aking m uch  o f 
th e  w a te r co lum n vulnerable to  a tm o s­
pheric  clim atic conditions. M uch o f  the  
lagoon is th ere fo re  subject to  w ind driven 
tidal m ovem ents, tu rbu lence, and tem ­
p era tu re  changes.

A fte r th e  17 Jan u a ry  cold fron t 
m oved over the  F lorida east coast, 
Ind ian  R iver lagoon w aters appeared  to  
s tra tify  in itia lly  as strong cold w esterly  
w inds b low ing o ff the m ainland cooled 
and pushed  surface w aters tow ard  the

east shore. Because o f the  cold w esterly  
winds w idespread h ypo therm al m orta lity  
o f m angroves (R h izo p h o ra , e tc.) occurred 
only  on  the  w est shore a t th is 
la titu d e . Lagoon w ater tem peratures 
along the  east shore across from  the 
H arbor B ranch F o u n d atio n  L aborato ry  
(27°32'N ) fell from  14.5 to  6 .0  C w ith in  
24 hours, 18 to  19 Jan u a ry , w hile surface 
tem peratu res along the  w est shore re ­
m ained above 13.0 C. D uring this 
in itial cooling period  a deep ship channel 
(to 4 m  depths) on the  w est bank  
apparen tly  acted  as a therm al refuge 
(Fig. 2, H arbor B ranch F o u ndation  ship 
channel). H ow ever, as w a te r tem pera­
tu res d ropped  to  10 C in this channel on 
the  21st, m any  fishes th a t had apparen tly  
sought refuge here w en t in to  h y p o th e r­
m al shock and suffered massive h y p o ­
therm al m o rta lity . A t this la titude 
m inim um  lagoon seaw ater tem peratures 
varied betw een  6.0 to  9.0 C un til 22 
Jan u a ry  w hen tem peratu res rose to  
1 0 C . On the  2 4 th  w ater surface tem per­
atures (1 m  dep th ) had risen to  11 C 
w ith in  the  lagoon.

Because o f  this prevailing westerly 
w ind d irec tion , h y p o th erm a l stress and 
m o rta lity  was first observed in  the east 
side of th e  lagoon and in  m osqu ito  im ­
poundm ents w here little  vegetative cover 
was p resen t and th e  w ater was shallow 
(27°32'N ). Fish sam ples and observations 
were first m ade on 19 Jan u a ry  w hen 
juvenile and small adult C entropom us  
undecim alis, M ugil curema, M egalops 
atlantica, D iapterus auratus, D. plum ieri, 
E u cin o sto m u s gula  and E. argenteus b e ­
gan to  show  h y p o th erm a l stress, prim ary 
chill com a (D oudoro ff, 1942) and death  
near the east shore o f the lagoon. In ­
dividuals apparen tly  nearing a chill com a 
w ere observed sw im m ing erratically  near 
th e  surface, som e becom ing m oribund .O n  
20 Jan u a ry  fo u r add itional species were
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TABLE 1. Fishes killed by  low  seaw ater tem pera tu res, 19-24 Jan u ary  1977. Fish abundance cate ­
gories follow S tarck  (1968): R =  R a re ;0  = O ccasional; F  = F requen t; C = C om m on; A = A bundan t.

Species

O th e r Fia.
Indian  R iver T am pa Sanibel M orta lity  Rec.

Lagoon Bay Island 1887 - 1977*

Carcharhinidae
Carcharhinus leucas 

Sphyrnidae 
Sphyrna tiburo  

C lupeidae
Harengula jaguana 
O pisthonem a oglinum  
Sardinella anchovia  

Engraulidae
A nchoa'hepsetus

Elopidae
Elops saurus 
Megalops atlantica  

A lbulidae 
Albu la  vulpes 

O phichthidae
M ystriophis in tertinctus  
M. m ordax  
Bascanichthys teres 

Ariidae 
A rius fe lis  
Bagre marinus 

B atrachoididae 
Opsanus beta  
Opsanus sp.

Ogcocephalidae
Ogcocephalus radiatus 

H em iram phidae
H yporham phus unifasciatus 

Belonidae
Strongylura tim ucu  

Syngnathidae
H ippocam pus erectus 

C entropom idae
C entropom us pectinatus  
C. undecimalis
C. sp.

Serranidae
Epinephelus Ujara 
E. m orio
M ycteroperca microlepis 

Rachycentridae 
R achycen tron  canadum  

Carangidae
Caranx h ippos

Caranx crysos 
C hloroscom brus chrysura  
Trachinotus carolinus 
T. fa lcatus  
Selene vom er 

Lutjanidae 
Lutjanus analis 
L. griseus 
L. synagris 

G erreidae
Diapterus auratus
D. p lum ieri
E ucinostom us argenteus
E. gula
E. le froyi 
Gerres cinereus 

Pom adasyidae

R
O
O
F
C

O
O
o

A
C
c
c
o
o

o

o * *
c
o
R

7,9

9,11

6

4, 7, 10, 11, 12
3 ,4 ,  7, 10, 11, 12

6 , 10 ,  11

3, 7, 10, 11
7 ,1 0 ,1 1

11 

10 ,  11

3, 12

3 ,4 ,  6, 7, 8 , 10, 11

3 ,1 0 ,  11 
10 ,  11

?2, 3 , ?5, 6, 7, 10, 
1 1 ,  12
3 ,5 ,  7, 10, 11

1, 7, 10, 11 
6,10,11
5, 6, 7

3 ,5
3 , 5 , 7 , 8 , 9 ,  10, 11
3 , 5 , 6 , 9 , 1 0 , 1 1

4 , 7
6, 7, 8 
6, 7
6

3



H y p o t h e r m a l  m o r t a l i t y  o f  f i s h e s

T ab le  1 - (cont.)

O th er Fia.
Indian  R iver T am pa Sanibel M orta lity  Rec. 

Species Lagoon Bay Island 1887 - 1977*

A nisostrem us virginicus R — — 3 ,9
H aem ulon  parrai F — — 3 ,9
H. p lum ieri R R — ? 2 , 3 ,9 ,1 0 ,1 1

Sciaenidae
M icropogonias undulatus R — —

Sparidae
Lagodon rhom boides — — R

Kyphosidae
K yphosus sectatrix ----- R ----

Ephipidae
C haetodipterus faber O F 0 6 ,1 0 ,1 1

C haetodon tidae
Pom acanthus arcuatus — R — 3
Pom acanthus sp. R — —
C haetodon ocellatus — R —

Pom acentridae
Eupom acentrus dorsopunicans R — —

Cichlidae
Tilapia  sp. ■— 0 —

Labridae
Lachnolaim us m axim us — 0 — 3

Scaridae
Scarus sp . R — — 3
Sparisom a rubripinne R — —

M ugilidae
M ugil cephalus O O — ? 2 , ? 4 , 1 0 ,1 1
M. curema C 0 — ? 2 ,? 4 , 5 , 7 ,8 , 1 0 ,1 1
M. trichodon — 0 R ? 2 ,? 3 ,? 4 ,6
M. gaimardianus — — R

Sphyraenidae
Sphyraena barracuda O — ---- 2 , 3 , ?5, 8 , 9

U ranoscopidae
A stroscopus y-graecum — R —

G obiidae
Lophogobius cyprinoides R — —

A canthuridae
A can thurus  bahianus R — —
A . chirurgus R — ----

Scom bridae
Scom berom orus m aculatus 0 — — 7 ,1 0 ,1 1

S trom ateidae
Peprilus burti — R —

Soleidae
A ch irus fasciatus — — 0

M onacanthidae
A lu teru s  schoep fi 0 R R
M onacanthus hispidus F R — 3 , 5 ,6 ,  7

O straciidae
L actophrys quadricornis 0 C 0 6, 1 0 ,1 1 , 12
L. trigonus F — — 3

T etrao d o n tid ae
Sphoeroides nephelus F 0 R 7
S. spengleri F — — 3 ,7 ,1 0 ,1 1
S. testudineus 0 — —

D iodontidae
C hilom ycterus schoep fi O C R 6, 7, 10, 11

*Previous m orta lity  records: 1 = Everm ann and Bean (1897), 2 = F inch (1917), 3 = Galloway 
(1 9 4 1 ), 4 = G unter and Haii (1963), 5 = M iller (1940), 6 = R inckey and Salom an (1964), 9 = 
S tarck  and  Schroeder (1970), 10 = S to rey  (1 937), 11 = S to rey  and G udger (1936), 12 = Willcox 
(1887). A question m arker precedes th e  au th o r  reference n um ber if  th e  co rrec t species is n o t certain  
from  the reference.
**= New Florida-G ulf coastal record .
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seen dead on the east bank  o f  th e  lagoon, 
M ugil cephalus, Trachinotus carolinus, 
H yporham phus unifasciatus  and A rius  
felis. Large num bers (70+) o f ta rp o n , 
M egalops atlantica, th a t w ere sw im m ing 
sluggishly and show ing obvious h y p o ­
therm al stress on the  19 th , w ere found  
dead on  the 2 0 th  in an east b an k  im ­
po u n d m en t. In the  east ban k  m osqu ito  
im p o u n d m en t a t Jac k  Island S ta te  Park 
(S t. Lucie C ounty), 103 ta rp o n  were re ­
corded  dead, th e  only ad d itio n a l species 
killed being Diapterus sp. and M ugil sp. 
(R anger A. H offacker, personal com .)

By 21 Jan u a ry  w ater near the  w est 
ban k  o f  the lagoon had cooled to  8-10 C 
to  dep ths o f  4 m in the channels and 
deeper portions o f the  lagoon. F ifty  
species (Table 1) and thousands o f in ­
dividuals th a t had apparen tly  sought 
refuge in these deeper w aters subse­
q u en tly  w ent in to  h ypo therm al shock. 
M any fish con tinued  to  die on th e  22nd 
and 23rd  o f Jan u a ry . O n 22 Jan u a ry  
fisherm en dipped hundreds o f  Trach­
in o tu s  carolinus and T. falcata  from  the 
H arbor B ranch F o u ndation  ship channel. 
These were in m artke tab le  cond ition , 
m ostly  alive b u t obviously suffering  from  
h ypo therm al stress. As the  air tem p er­
a tu re  reached its m axim um  (15 C) on 
the  2 2nd , the pom pano  were n o t as 
read ily  caught. From  24 Jan u a ry  to  4 
F eb ruary  b loated  carcasses o f dead 
fishes floated  to  the  surface w ith in  the  
lagoon, indicating th a t m any  dead fishes 
had  gone to  the  b o tto m  and were n o t 
accoun ted  for during the preceding  week. 
As late as 4  February  w ith  lagoon 
seaw ater tem peratures a t 14 C, fishes 
(e.g. m ostly  Diapterus auratus and 
C entropom us undecim alis) were ob­
served swim m ing slowly head  up at the  
surface. Some dead specim ens appeared 
to  be relatively fresh. T he m ajo rity  o f  
these observations were m ade in the

Ind ian  River lagoon in S t. Lucie, Ind ian  
River, and Brevard coun ties as far n o rth  
as 28°40'N  and so u th  to  27°20'N . 
C oncurren t h ypo therm al fish m orta lity  
observations were m ade in  the  n o rth ern  
po rtio n  o f the Indian  R iver, B anana 
River and M osquito  lagoons by  Snelson 
(1978).

Previous accounts o f  extensive hy p o ­
therm al fish m ortalities have show n adult 
deaths to  greatly  surpass any juvenile 
m o rta lity  observed (G un ter, 1938 , 1941, 
1947). H ow ever, in  the  Ind ian  River 
lagoon b o th  juveniles and adults o f a 
num ber o f species died due to  h y p o ­
therm al stress, m ost n o ta b ly , the  m ojarras 
and M ugil curema. D iapterus auratus o f 
all sizes were killed in large num bers. In 
a finger canal on th e  east shore o f  the 
lagoon (Brevard C o u n ty , 28°03'N ) 
169 D. plum ieri w ere found  dead. O f the 
144 m easured, 40 (28%) w ere below  
100 mm in standard  leng th  and as small 
as 55 m m . Juvenile (i.e. < 1 2 5  m m  SL) 
Elops saurus, C haetodip terus faber, 
Caranx hippos, Bagre m arinus, M ugil 
curema, H aem ulon parrai, Trachinotus 
falcata, L u tjanus griseus, L. synagris, 
L. analis, and A lb u la  vulpes co n tri­
b u ted  from  a p o rtion  to  up to  100% 
o f the  m o rta lity , depending  on the 
species and location . Only juveniles 
o f A lbu la  vulpes, H aem ulon parrai, 
L utjanus synagris and L. analis were 
killed. M any juvenile and adu lt E ucino ­
sto m u s gula and E. argenteus were 
killed. In m any instances adults were 
m ore readily seen and observations 
ind icated  they  suffered greater m o rta lity  
th an  juveniles.

D ead fishes were n o t seen on the 
A tlan tic  beaches u n til 22 Jan u a ry . On 
this date  dead Sparisoma rubripinne, 
Scarus sp ., D iapterus auratus, Hae­
m ulon  plum ieri, A n isostrem us virginicus, 
E upom acen trus dorsopunicans, Poma-
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canthus  sp ., A can thurus bahianus, and 
A ca n th u ru s  chirurgus w ere found  on the 
beach  (Ind ian  River and  St. Lucie 
C ounties). As m ost all o f  these species 
are trop ica l p rim ary  reef form s found 
in shallow  w aters, som e h ypo therm al 
m o rta lity  had apparen tly  occurred  on 
th e  inshore A tlan tic  reef. The m inim um  
w ate r tem p era tu re  on these reefs is n o t 
kn o w n , b u t  su rf tem peratu res w here 
som e o f th e  dead reef fishes w ere beached 
reached  a m inim um  o f  11.1 C on  23 
J a n u a ry . D irect observations o f reef 
fishes w ere n o t  m ade u n til the  first week 
o f F eb ruary  w hen SCUBA dives were 
m ade on shallow  A tlan tic  reef structu res 
(3-7 m  dep ths) w ith in  the  stu d y  area. 
T hese observations dem onstra ted  th a t  a 
n u m b er o f  re e f  species survived the cold 
period  (e.g. E upom acen trus variabilis, 
H olacanthus berm udensis, Labrisom us  
nu ch ip in n is ).

D ifferen tia l therm al to lerance was de­
m o n stra ted  b y  several species o f  fishes 
enclosed in  an aquaculture po n d  1.0 m 
deep loca ted  at the  H arbor B ranch 
F o u n d a tio n  labo ra to ry . T he pond  con­
ta ined  th e  follow ing fish species on  19 
Ja n u a ry : C ynoscion nebulosus, C. regalis, 
P o m atom us saltatrix, T rachinotus carol­
inus, C en tropom us undecim alis, S c o m ­
berom orus m aculatus  and M ugil cephalus. 
T he fo u r la tte r  species died w hen pond  
tem p era tu res reached  6 C on 19 Jan u a ry . 
T he th ree  fo rm er species survived the  en ­
tire  cold period. This observation  de­
m onstra tes the  d ifferential therm al to l­
erances o f  these species. Sim ilar o b ­
servations w ere m ade o f  open lagoon 
fish popu lations. C ynoscion nebulosus, 
C. regalis and  C. n o th u s  and P om atom us  
salta trix  were com m only caught in 
“ good co n d itio n ” by  lagoon sp o rt and 
com m ercial fisherm en before the  20 th  
and a f te r  the  2 7 th , occasionally betw een 
these tw o  dates. N one o f  these la tte r

species were observed to  suffer h y p o ­
therm al stress. D ifferen tial m orta lity  
was also seen am ong fo u r tropical 
species w hich com m only  occu r w ith in  
th e  study  area th ro u g h o u t the  year, 
Strongylura  notata , S. tim ucu , E upo­
m acentrus variabilis and E. dorsopun­
icans. B oth  S. no ta ta  and E. variabilis 
occu r in h igher num bers th an  their 
congeneric species. H ypo therm al m o rta l­
ity  was only  observed in S. tim ucu  and
E. dorsopunicans  ind icating  th a t n o t only  
do they  occur in  few er num bers b u t they  
are possibly m ore sensitive to  h y p o th e r­
m al stress. Snelson (1978), however, 
observed only  S. n o ta ta  in the  n o rth ern  
p o rtio n  o f th e  Ind ian  R iver lagoon 
system  w here it  was “ killed o r stunned  
in small to  m odera te  nu m b ers .”

As an extensive ecological survey was 
underw ay those fishes p resen t in a com ­
paratively “ n o rm al”  cond ition  during 
th e  “cold-kill”  period  w ere collected 
using ro d  and reel, gili, seine and drop  
nets . O f the species observed killed in 
Table 1 the follow ing specim ens were 
collected  alive and in “good co n d itio n ” : 
13 lethargic D iapterus auratus, 50 E uc­
inostom us gula, 3Æ . argenteus, 1 E lops  
saurus lep tocephalus and 2421 juvenile 
M ugil cephalus. In add ition  to  these, 
the  following species w ere collected 
and apparen tly  suffered  no hypotherm al 
m orta lity :

A bundan t
Lagodon rhom boides  
G obionellus boleosom a  

C om m on
Brevoortia sm ith i 
P om atom us saltatrix  
C ynoscion nebulosus  
C. nothus
C. regalis
Sciaenops ocellata  
Trichiurus lep turus  
G obiosom a robustum
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F requen t
M enidia peninsulae  
Syngnathus scovelli 

Occasional
F lorid ich thys carpio 
F undulus sim ilis 
Bairdiella chrysoura  
Pogonias chromis 
S ym p h u ru s plagiusa 

Rare
A nguilla  rostrata  
Urophycis floridanus  
Syngnathus louisianae 
Archosargus probatocephalus  
Paralichthys albigutta  
F rom  the d a ta  presen ted  it appears 

th a t  lethal therm al m inim a fo r the 
dead  fishes observed were betw een  6.0 
and 15.0 C. However, observations 
m ade during the  p rio r year, 1976, ten d  
to  indicate the  up p er m inim um  in this 
range m ay be nearer 13.0 C fo r the 
tro p ica l fishes th a t suffered h y p o th erm al 
m o rta lity  in the  Indian R iver lagoon (the 
up p er m inim um  is p robab ly  less than  
12 C in the T am pa Ba^ area based on 
Jan u a ry  1977 observations below ). D ur­
ing Jan u a ry  1976 (21st - 2 4 th ) an inci­
dence o f hypo therm al shock  and some 
m o rta lity  was recorded in the  Ind ian  
River lagoon. Surface w ater tem peratu res 
w ith in  the H arbor Branch F o u n d atio n  
ship channel (depth  3 4  m) had gone b e ­
low  15 C on the 19th follow ing a cold 
fro n t (0.0 C air tem peratu re  m inim um ) 
on  th e  18 th . A n o th er cold fro n t passed 
betw een  the  21st and the  22 n d  and air 
tem peratures reached  5.0 C on the  23rd . 
In  the  ship channel large num bers of 
dead Selene vomer, D iapterus auratus 
and L u tjanus griseus were observed on 
the  22nd and 23rd  w ith  surface w ater 
tem peratu res a t 13 to  14 C. Som e of 
the  form er species w ere sw im m ing 
erratically  a t the  surface, apparen tly  
preceding  h ypo therm al shock . R eports

were ob ta ined  o f C entropom us un­
decimalis sw im m ing erratically  a t the 
surface b u t n o  m o rta lity  was seen in 
th is species. N o fish m o rta lity  was 
n o ted  o th er th an  in the ship channel 
a lthough o th e r locations w ith in  the 
lagoon were investigated . W hen com ­
paring this m inor cold kill to  th e  1977 
m o rta lity , it  appears th a t  som e trop ical 
fishes w ith in  the  Ind ian  R iver lagoon 
were able to  to lera te  a “ tem p o ra ry ” 
surface w ater tem pera tu re  depression 
to  13 C fo r 24 hours and 14-14.5 C for 
96-144 hours. H aem ulon parrai, S p h y ­
raena barracuda and M ugil curem a, all 
trop ical species, were observed pre­
sen t and sw im m ing norm ally  w ith in  
the  ship channel and w ere apparen tly  
n o t affected  to  the  p o in t o f h y p o ­
therm al shock a t th is location . Ship 
channel surface tem peratu res did n o t 
go below  13 C in  1976 as th ey  d id  in 
1977, and air tem peratu res w ere n o t as 
low, n o r did they  stay  low  fo r long 
periods o f  tim e. The cold  fro n t passing- 
on 17-18 Jan u a ry  1976 began to  low er 
channel w ate r tem peratu res and the 
second fro n t 72 hours la te r low ered 
tem peratu res to  a lethal 13 C fo r the 
three species killed.

A to ta l o f  fifty-six fish species suffered 
cold m o rta lity  w ith in  the  Indian  River 
s tudy  region, m ost o f  w hich have a tro p ­
ical cen ter o f d istrib u tio n  (Briggs, 1958, 
1974; R obins, 1971; H errem a, 1974; 
G ilm ore, 1977). The m ost ab u n d an t 
fishes killed in the  Ind ian  R iver lagoon 
from  28°40'N  to  27°20'N  were D iapterus  
auratus, Caranx hippos, Selene vom er  
and Trachinotus fa lca tus  all o f  w hich 
have a Caribbean cen te r o f d istribu tion  
and m ay be  considered tropical.

TAMPA BAY AREA

On 25 D ecem ber 1976 , w a te r tern-
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p eratu res m on ito red  b y  the U. S. Coast 
G uard  at E gm ont Key fell below  15.6 C 
and rem ained  so un til 26  F ebruary  
1977.

Figure 2 sum m arizes physical co n d i­
tions during  passage o f the arctic cold 
fro n t th ro u g h  the  T am pa Bay area on 
17-23 Jan u a ry . Wind velocities fluctua ted  
b u t  rem ained from  310-350° d irection  
(Fig. 3). T idal levels w ere less th an  p re­
d ic ted  due to  strong  w inds, allowing 
shallow  b ay  w aters to  becom e w ind m ixed 
and chilled. W ater tem peratu re  m o n ito r­

ed b y  three T am p a  Bay area electric 
pow er p lants reached  a m inim um  12-16 
hours a fte r the  co ldest air tem peratu re 
(0 C) was recorded .

A t 1900 hours EST on 19 January  
1977 , several dead Trachinotus fa lcatus  
and D iapterus auratus w ere observed 
along S t. P etersburg  Beach w here the 
su rf w ate r tem p era tu re  was 8.1 C. These 
m ortalities ind icated  th a t inshore waters 
had  already reached lethal therm al 
th resho lds fo r som e fish species. These
D. auratus specim ens were th e  first re-
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cords fo r this tropical species from  the  
F lo rida  G ulf coast.

A dditional observations on 19 Jan u a ry  
at M cKay Creek, a tidal stream  flowing 
in to  the  sou thern  reaches o f C learw ater 
H arbor, provided only  one recorded  
m o rta lity , H ippocam pus erectus. H ow ­
ever, six o th e r species w ere experiencing 
h y p o th erm al stress a t w ater tem peratu res 
ranging from  6.7 to  7.7 C .M ug il curema', 
D iapterus plum ieri, Harengula jaguana, 
and E ucinostom us argenteus were lying 
on th e ir sides or belly-up and exh ib ited  
feeble sw im m ing a ttem p ts  only  w hen 
p ro b ed . O th er M. curem a  and a single 
C entropom us undecim alis (885 m m  TL) 
w ere observed swim m ing slowly near 
the  surface. D isoriented  Caranx hippos  
swam  in circles w ith  their heads breaking 
th e  w ater surface sim ilar to  behavior 
described for cen tropom ids and gerreids 
in th e  Indian  River lagoon. These species 
w ere apparen tly  approaching p rim ary  
chill com a and were found dead by  fish­
erm en the  follow ing m orning.

From  0230 to  0330 hours on 20 
Jan u a ry , w a te r tem peratu res in Boca 
Ciega Bay at Pinellas Bayw ay ranged 
from  a near surface reading o f 6.6 C 
(15 cm dep th ) to  9.2 C (3-4 m  d ep th ). 
D ead fishes included tw o L a ctophrys  
quadricornis and a single K yphosus  
secta trix . Individual specim ens o f  C ent­
ropom us undecim alis (975 m m  TL) and 
a L. quadricornis were alive b u t stranded  
in shallow  w ater.

D ead Elops saurus were observed on 
21 Jan u a ry  a t M em orial Causew ay in 
C learw ater (1404  spccim ens/1 .3  km ) 
w here the  w ate r tem peratu re  was 10.5 C. 
In co n tra s t, on 23 Jan u a ry  this species 
appeared  unstressed in Spring B ayou in 
T arp o n  Springs w here the  w ate r tem pera­
tu re  was 15.3 C. The higher w ate r tem ­
pera tu re  in  Spring B ayou is due to  a re­
latively w arm  freshw ater spring discharge

(W etterhall 1965) w h ich  provides a th e r­
mal refuge fo r these fish.

On 26 Jan u a ry  w ate r tem peratures 
ranged from  12.8 to  13.0 C in  McKay 
Creek, Boca Ciega Bay (M axim o M oor­
ings) and  low er T am pa Bay (W histler 
Y acht Basin). M ugil sp. (approx . 200 
mm  T L ), Tilapia sp. and D iapterus 
p lum ieri swam lethargically  near sea­
walls. D isoriented M ugil sp ., Elops  
saurus and Caranx h ippos  swam 
erratically  a t the  surface and occasion­
ally collided w ith  pilings o r seawalls. 
W ounds, presum ably  caused b y  m ech­
anical abrasion, w ere evident on  these 
fishes.

A ir tem pera tu re  fell to  3.3 C at 
A lbert W hitted  A irp o rt in St. Peters­
burg  on 30 Jan u a ry ; T am pa Bay w aters 
were su ffic ien tly  chilled to  cause fu rther 
mass m ortalities in M ugil spp ., L acto­
p hrys quadricornis, C en tropom us un­
decim alis and C hilom ycterus schoep fi 
at M ullet Key.

P redation as a secondary  effec t o f  
h ypo therm al stress m ost likely plays a 
significant role in th e  to ta l n u m b er o f 
fish m ortalities. Moss (1973) n o ted  p re­
da tion  by double-crested  corm orants, 
Phalacrocorax auritus, on M onacanthus 
hispidus and A lu teru s  schoep fi during 
periods o f low tem pera tu re  in a New 
England estuary . A sim ilar incident 
occurred  in St. Petersburg at F renchm an 
Creek on  23 Jan u a ry  w here a double­
crested corm oran t was observed eating- 
small M ugil sp. to o  lethargic to  evade 
cap ture. On an o th er occasion a single 
C entropom us undecim alis was n o ted  to  
consum e a m ojarra experiencing  equil­
ibrium  problem s.

S torey  (1937) s ta ted  th a t C. un­
decim alis was consisten tly  harm ed by  
freezes at Sanibel Island , F lorida; M ar­
shall (1958) also n o ted  th e ir vulner­
ab ility  to  cold. However, during Jan u a ry
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lethargic C. undecim alis  th a t had n o t 
com pletely  succum bed to  low tem ­
peratu res, w ere highly visible near sea­
walls. C ap tu re  em ploying cast nets, 
snatchhooks and  spears was com m on in 
b o th  the  T am p a  Bay and Indian  River 
areas.

In the  T am p a  Bay area C. undecim alis. 
Caranx hippos. Megalops atlantica, E lops 
saurus, M ugil sp. and D iapterus p lum ieri 
were observed to  crowd in to  shallow 
w ater in m arinas and tidal creeks. In  the 
up p er reaches o f  M cKay C reek, w here 
w ater d ep th  a t high tide does n o t exceed 
1 m , unusually  large num bers o f Caranx 
hippos  and D iapterus p lum ieri were dis­
covered during  th e  coldest periods o f 
Jan u a ry . O bservations in the  T am pa Bay 
area seem  to  ind icate  th a t  p ro tec ted  
m arinas, as well as spring fed tidal creeks, 
served as shallow  w ater refuges, possibly 
sub ject to  so lar w arm ing.

A to ta l o f  th irty -six  fish species su ffer­
ed cold m o rta lity  in the  T am pa Bay study  
area during  Ja n u a ry  1977. O f the  16 fish 
species recorded  as affected  b y  low w ater 
tem p era tu res in  T am pa Bay during  1962 
(R inckey  and Salom an 1964), only four 
species w ere n o t  observed in th e  p resen t 
study : L u tjanus synagris, S yn o d u s fo e ­
tens, M icrogobius gulosus, D iodon  sp. 
The d o m in an t fishes killed in 1962 and 
1977 were Caranx h ippos  and Diapterus 
plum ieri.

U nderw ater observations o f fishes 
associated w ith  offshore reef form ations 
were m ade from  13 F ebruary  to  30 Ju n e , 
im m ediately  follow ing th e  described in ­
shore fish m ortalities. Surface and 
b o tto m  seaw ater tem peratu res in the 
G ulf o f  M exico w ere taken during tw o 
hydrograph ic transects m ade on 25 
Jan u a ry  and 15 February  up to  64 km  
due w est o f  E gm ont Key (Fig. 4). 
B o tto m  w aters 8-32 km  offshore in 
10-25 m dep ths reached tem peratu re

m inim a on 25 Jan u a ry  (11.6-12.7 C). 
F u rth er offshore, 48  to  64 km , 30-40 
m d ep th s , b o tto m  w ate r tem peratures 
reached tem p era tu re  m inim a on 15 
F ebruary  (13.0-13.6 C). D uring  a SCUBA 
dive on 13 F ebruary  m ade on  offshore 
ledges 18.3 m deep (27°29 'N , 83°0l'W ) 
decom posing  rem ains o f  several Lutjanus  
griseus were found . Live individuals of 
L. griseus and Lachnola im us m axim us  
show ed evidence o f lateral scale loss and 
eroded  fins. Sim ilar cond itions were 
n o ted  fo r these same species inhabiting  
ledges 39.6  m  deep (27°24 'N , 83°22'W ). 
T his la tte r  observation  tends to  indicate 
th a t even offshore reef fishes at depths 
o f 39 m w ere n o t  p ro tec ted  from  h y p o ­
therm al stress in the  G ulf o f  Mexico 
during  F ebruary  1977. Scale loss was 
evident on these same species at these 
reefs u n til Ju n e . An a ttem p t to  isolate 
op p o rtu n is tic  pathogens from  an affected 
L. griseus was unsuccessful; a necropsy 
revealed no in ternal pathological m ani­
festations. Scale loss and eroded  fins 
were in itially  assum ed to  be a result of 
b u ffe tin g  o f L u tjanus griseus and Lach­
nolaim us m axim us  against lim estone

CD 11 

IO -

D IS T A N C E  O F F  E G M O N T  K E Y  

( K I L O M E T E R S )

F ig u re  4 .  G u lf  o f  M e x ico  b o t to m  w a te r  te m ­
p e ra tu re s  t o  6 4  k m  o f f  E g m o n t K e y  o n  a 
t r a n s e c t  o f  253°.
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ledges as th ey  a ttem p ted  to  m ain ta in  in 
tu rb u len t w aters. However, sim ilar cond i­
tions were observed in these fishes a t a 
d ep th  o f  39.6 m  w here tu rbu lence w ould  
presum ably  be insignificant. D uring F eb ­
ruary  and early  M arch M ycteroperca  
microlepis and E pinephelus m orio  were 
found  u n d er deeply u n d ercu t ledges. 
Lethargic individuals o f  Balistes cap­
riscus and H aem ulon p lum ieri could  be 
rem oved from  their hiding places by 
hand . Species appearing relatively active 
during th e  cold included: Serranus 
subligarius, C entropristis sp .,D ip lec tru m  
fo rm o su m , Halichoeres b iv itta tu s  and 
others.

T he to ta l num ber o f offshore species 
o f fish adversely affected  is unknow n . 
However, the  chance sighting o f dead 
P om acanthus arcuatus and C haetodon  
ocellatus floating at the  surface 28 km  
SW o f  E gm ont K ey on 23 Jan u a ry  
(G. B. Sm ith , personal com .) ind icates 
th a t  m ore species were killed than  
those listed here.

SANIBEL ISLAND

Sanibel Island w est o f F t. M yers, 
F lorida, is bordered  b y  the  G u lf o f 
M exico to  the  w est and so u th  and by 
Pine Island S ound to  the n o rth ea s t and 
San Carlos Bay to  the  sou theast. I t  is 
connected  to  the m ainland b y  a three- 
bridge causew ay (4.5 km  long) w ith  tw o 
m ajor fill areas (to tal 2 km ). O bservations 
re la ted  to  this rep o rt w ere from  ca. 
26°25 ' - 2 9 'N , 82°02'W.

F our paired  tem peratu re  records were 
m ade w ith  a handheld  th erm o m eter:
D ate EST A ir°C  S urf°C

Ja n . 21 0720 12.2 11.1
J a n . 22 0830 8.3 10.6
Ja n . 22 0930 12.2 12.8
J a n . 22 1300 14.4 13.6

Fish m orta lity was first recorded

Sanibel Island a t 1030 EST, Jan u a ry  20. 
H undreds o f Bagre m arinus and several 
Trachinotus fa lca tus  were dead along the 
tw o  fill areas o f  the  causew ay. O bserva­
tions and collections o f  representative 
dead fishes w ere m ade along the  causeway 
on th e  a fte rnoon  o f Jan u a ry  20 and the 
m orning  o f Jan u a ry  21 and along the 
sou thern  G u lf beach  on  the  afte rnoon  o f 
Jan u a ry  21. N ineteen  fish species were 
recorded  during the  period : ca. 5 ,000 
to  10,000 Bagre marinus, 47 Trachi­
no tus falcatus, five species w ith  tw o to  
seven individuals each , and 12 species 
represented by  a single specim en each 
(Table 1). In add ition , dead C entropom us  
sp. were rep o rted  in som e island canals.

T hree o f the  47 Trachinotus falcatus  
recorded  were the  only  fish living and 
show ing h ypo therm al stress seen in the  
survey. These w ere slow ly and erratically  
sw im m ing in the  su rf during  Jan u a ry  20 
and 21. Som e stressed C entropom us  sp. 
were repo rted  from  som e canals.

Several unexpected  occurrences and 
aspects were n o ted  fo r the  dead species 
observed. A  size-selected sam ple of 
Bagre m arinus ranged 256 to  455 mm FL 
(fork  length) and 228 to  1650 gm 
RD (round w eight) while the  single 
A rius fe lis  was 220 m m  FL and 127 RD. 
T he size range o f  Trachinotus falcatus  
was appreciable, ranging from  160 to  
462 mm FL and 107 to  2142  gm RD. 
O nly tw o specim ens o f M ugil were 
fo u n d  and these w ere w ith in  a 25 m eter 
d istance on the causew ay and were 
d iffe ren t species {Mugil trichodon  262 
m m  F L  and 210 gm, M ugil gaimardianus 
305 m m  FL and 440  gm).

DISCUSSION

Steno therm ic trop ical and subtropical 
fishes suffered th e  greatest m orta lity  
during Jan u a ry  1977. These species were 
alm ost en tire ly  typ ical estuarine and
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shallow  coastal zone inhab itan ts. Those 
species killed th a t belong to  large, w idely 
d istrib u ted  neritic  families (predom i­
n an tly  found  offshore) w ith  species 
occurring  th ro u g h o u t b o th  tropical and 
tem perate  regions were e ith er inshore 
representatives o f  th e ir  fam ily (e.g. 
Carcharhinus leucas and H yporham phus  
unifasciatus) an d /o r steno therm ic  re­
presentatives o f  th e ir fam ily (e.g. Har­
engula jaguana).

A com bination  o f physical conditions 
p roduced  the  extensive fish m orta lity  
observed in th e  s tu d y  areas: 1) the 
passage o f the  cold  fro n t was sudden, 
2) w a te r tem p era tu re  m inim a were 
very low (to  6.0 C) and 3) w a te r tem ­
peratu res rem ained  low  (6.0 - 12.0 C) 
fo r five to  six days. D eeper w ater w ith in  
the  estuaries was n o t  an adequate haven 
as high n o rth w este rly  winds associated 
w ith  the  A rc tic  fro n t caused extensive 
w ate r tu rn o v er and  an adequate p ro ­
tective therm ocline  did n o t develop. 
S ubsequen tly , the  en tire  w a te r colum n 
to  dep th s o f  4  m  cooled  w ith in  48 
hours to  72 hours, p roducing  extensive 
m o rta lity  in these p o ten tia l refuges. A 
sim ilar deep w a te r “refuge-death  trap ” 
p heno m en o n  has been  n o ted  b y  o ther 
au thors (Tabb 1966; M oore 1976; 
Snels on 1978). L ow er th an  average 
tides p artia lly  induced  b y  strong n o r th ­
w esterly  w inds increased the  severity of 
therm al cond itions in the  T am pa Bay 
area. In som e cases, shallow  p ro tec ted  
w aters and creeks fed b y  therm al springs 
(e.g. Spring B ayou, T arpon  Springs) did 
n o t  coo l to  le tha l tem peratu res and some 
fishes w ere able to  live th ro u g h  the cold 
period  in  these areas.

Fishes w ith  lim ited  m obility  were 
greatly  affec ted . Plectognathi fishes 
(puffers, T e trao d o n tid ae  and D iodon­
tidae ; boxfishes, O straciidae; filefishes, 
M onacan th idae; and trigger fishes, Balist­

idae) are n o tab le  fo r th e ir  tropical 
a ffin ity , poo r m ob ility  and high occur­
rence in h ypo therm al fish kills. T hey  
could n o t  escape the  rapidly cooling 
shallow waters as readily  as o th e r species, 
and subsequen tly  th e ir  bodies were 
com m only found  along lagoon beaches.

M any cryp tic  and dim inutive tropical 
blennies and gobies w ere p robab ly  also 
killed b u t w ere n o t  as readily  observed. 
Of these la tte r  tw o families on ly  tw o 
gobies, L ophogob ius cyprinoides  and 
M icrogobious gu losus , have been  ob­
served in w in ter m ortalities (R inckey 
and Salom an 1964). A dequate ob ­
servations o f very small species (adults 
25 m m  or less SL) and larvae (< 20  mm) 
o f larger species have y e t to  be m ade.

M ost observations m ade b y  S torey 
(1937) are in  agreem ent w ith  our find­
ings. However, h er p lacem ent o f the 
pom pano , Trachinotus carolinus and 
Spanish m ackerel, Scom berom orus m a­
culatus on the  “ seldom  h u r t”  list does 
n o t  agree w ith  observations m ade in the 
Ind ian  River lagoon. B o th  species are 
well know n  fo r th e ir narrow  therm al 
lim its (Berry and Iversen 1966; Klim a 
1959) and have suffered  hypo therm al 
m o rta lity  along the F lorida east coast 
(Everm ann and B ean 1897; Snelson 
1978). Since cold m o rta lity  in  these 
species was only n o te d  w ith in  the  con­
fines o f the  Ind ian  River lagoon, it is 
possible th a t these m obile species were 
n o t able to  m ake i t  to  the  nearest ocean 
access before th ey  su ffered  hypo therm al 
stress and subsequen tly  lapsed in to  a 
prim ary  chill com a. R eady access to  
w arm er A tlan tic  O cean o r G u lf waters 
m ay prevent m o rta lity  in T. carolinus 
and S. m aculatus  in o th er areas o f 
F lorida.

Jan u a ry  1977 tem p era tu re  d a ta  ind i­
cate th a t seaw ater tem peratu res were 
generally low er in  G u lf coastal areas of
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the  sam e la titu d e  than th ey  were on the 
A tlan tic  coast (Fig. 2). A rctic cold 
fron ts com ing from  the  n o rth w est, 
shallow er offshore G ulf w aters, and the 
F lo rida  C urren t along the  A tlan tic  coast 
can help explain  this neritic  w a te r tem ­
peratu re  phenom enon . Y et inshore est­
uarine w aters had a sim ilar tren d  on 
b o th  coasts, w ith  Indian River lagoon 
w ate r revealing a low er m inim um  due to  
strong  w esterly  winds cooled fu rth e r by  
the  F lo rida  land mass.

Few er fishes were observed to  su ffer 
m o rta lity  in the T am pa Bay area th an  in 
the  Ind ian  R iver lagoon (36 versus 56). 
F ew er fish species o ccu rin  th eT a m p a B a y  
area (27°00'-28°00'N , 82°25 '-84o30'W ), 
(approx im ately  370 species, S p rin g eran d  
W oodbum  1960; Moe and M artin 
1964: Powell e t al. 1972; Sm ith 1976) 
than  in the  Indian River area (664 species, 
G ilm ore 1977 , and unpublished  da ta). 
Those trop ical and eu ry therm ie  trop ical 
species th a t do occur in the T am pa Bay 
area appear to  m ake a seasonal m igration 
offshore during  the co lder w in ter m onths 
(Springer and W oodbum  ibid). In the 
Ind ian  R iver lagoon m any tropical forms 
appear to  rem ain w ithin the  lagoon al­
though  in few er num bers as ind icated  by  
w in te r seine captures (G ilm ore e t al. 
1975, 1 976 , unpublished  H arbor Branch 
F o u n d atio n  A nnual R eport) and the  
recen t fish kill. The topography  o f  the 
T am pa Bay area perm its ready access 
from  inshore bays to the G ulf o f  M exico, 
and this access is apparen tly  u tilized  by  
m any  steno therm ic w arm  w ate r species 
in th e ir annual offshore m igration as 
coastal w aters cool (Springer and W ood­
b u m  1960). F or 253 km  along the 
F lo rida  cen tra l east coast there  are 
on ly  five small inlets th a t  con tinually  
give access to  the  open A tlan tic  O cean 
from  the Ind ian  River lagoon system . 
Warm steno therm ic  fishes in  the  T am pa

T A B L E  2 . S a m p le  o f  tro p ic a l fishes c o m m o n ly  
o c c u rr in g  in sh a llo w  c o as ta l w a te rs  o f  the  
In d ia n  R iv er s tu d y  a re a  b u t  n o t  re c o rd e d  f ro m  
th e  T a m p a  B ay area .

SPECIES ABUNDANCE
OBSERVED COLD 

E FFE C T , 1977

Scorpaenidae
Scorpaena plum ieri com m on ?

C entropom idae
C entropom us pectinatus frequent killed

A pogonidae
Apogon  maculatus com m on ?

C arangidae
Caranx ruber com m on ?

Lutjanidae
Lutjanus analis com m on killed
L. jo cu com m on ?

G erreidae
E ucinostom us lefroyi com m on killed

Pomadasyidae
A  nisostrem  us surinamensis com m on ?
H aem ulon parrai com m on killed

Sciaenidae
Bairdiella sanctaeluciae com m on ?
Umbrina coroides com m on ?

Pom acentridae
E upom acentrus dorsopunicans com m on killed

Labridae
Halichoeres maculipinna com m on ?
Thalassoma bifasciatum com m on ?

Scaridae
Sparisom a chrysopterum com m on ?
S. rubripinne com m on killed

Clinidae
La briso m  us n  u  c  hip in  n  is abundant ?
M alacoctenus triangulatus com m on ?

Blenniidae
Blennius cristatus com m on ?
H ypluerochilus bermudensis com m on ?

G obiidae
Coryphopterus dicrus frequent ?
G obionellus smaragdus com m on ?
G. stigm aturus com m on ?
Lophogobius cyprinoides com m on killed

A canthuridae
A canthurus chirurgus com m on killed

Bothidae
C itharichthys spilopterus com m on ?

Tetraodontidae
Sphoeroides testudineus com m on killed

Bay area m ay be able to  escape colder 
tem peratu res m ore readily than  those 
in the  Indian River lagoon. T hey  m ay also 
be b e tte r  cond itioned  to cold tem pera­
tu re  response as seasonal w a te r tem pera­
tures decrease earlier and apparen tly  
m ore gradually than on the central east 
coast (Fig. 2). These coastal differences 
in tem pera tu re  regimes m ay accoun t for 
the  absence o f a num ber o f tropical 
species from  th e  T am pa Bay area, w hich 
are n o t uncom m on in the Indian R iver 
region (Table 2). Table 2 is a partia l list 
o f  the  tropical species no t shared by  
b o th  study  areas and only the m ore 
com m on forms o f the Ind ian  R iver 
lagoon system  are listed (Gilm ore 
1977). A num ber o f these fishes occur 
in the  n o rth ern  G u lf along the  F lorida
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coast (H astings, 1972; G. S m ith , 1974; 
Walls, 1975) p rim arily  during the  w arm er 
m onths as juveniles and in  some cases as 
adults also. I t  shou ld  also be n o ted  th a t 
un til th is s tu d y , D iapterus auratus, w hich 
is com m on to  ab u n d an t in the  Indian 
River lagoon, suffering the  highest 
h ypo therm al m o rta lity , was n o t recorded 
from  the  F lo rid a  w est coast.

Few er species w ere seen in the  h y p o ­
therm al m o rta lity  at Sanibel Island than 
in the  o th e r study  areas. O th er observers 
in the  Sanibel Island area also ind icated  a 
relatively low  m o rta lity  occurred  (T. H. 
Fraser, E n v ironm en tal Q uality  Lab.; 
Fia. M arine P atro l, personal com .). The 
m in im um  recorded  su rf tem pera tu re  was 
10.6 C on 22 Ja n u a ry , tw o to  th ree  de­
grees h igher th an  m inim um s on th e  same 
day a t T am pa Bay and th e  Ind ian  River 
lagoon. Besides having higher w ate r tem ­
peratu res, th e  Sanibel study  area was a t a 
location  accessable to  the m ore m odera te  
open w aters o f  th e  G u lf o f  M exico. These 
observations ind ica te  th a t the Sanibel 
Island area d id  n o t  have as severe m o rta ­
lity  as the  T am p a  Bay area and Indian 
River areas.

U npublished d a ta  on  spawning periods 
and seasonal juvenile  abundance w ith in  
the  Ind ian  R iver lagoon indicate th a t 
juveniles o f  m any  species are n o t com m on 
or p resen t during  the  colder w in ter 
m onths (G ilm ore, e t al., 1976, u n ­
published F larbor B ranch F oundation  
A nnual R ep o rt). H ow ever, there  are a 
few trop ica l species th a t are p resen t as 
juveniles during  th e  w in ter (e.g. Dia­
p terus auratus, H aem ulon  parrai, etc.). 
Because large num bers o f  juveniles and 
adults o f  a n u m b er of these tropical 
species (e.g. D. auratus, E. saurus, H. 
parrai) suffered  h y p o th erm a l m o rta lity  it 
can be assum ed th a t  trop ica l species are 
tem pera tu re  sensitive at m ost stages of 
developm ent. G u n te r (1 9 3 8 ,1 9 4 1 ,1 9 4 7 )

has ind icated  th a t juvenile fishes may 
w ith stan d  low er w ater tem pera tu re  than 
adults o f  the  same species. This m ay be 
tru e  o n  the  Texas coast as m any  juvenile 
sciaenids, atherin ids, e tc . (subtem perate - 
C arolinian fauna) m ay be  found  in 
shallow  coastal w aters during the colder 
m onths o f the  year (G unter, 1945; 
Gallaw ay and S traw n, 1974). However, 
the  sou thern  ha lf o f  the  Indian River 
lagoon has a depaupera te  sciaenid 
p o p u la tio n  (excluding C ynoscion nebul­
osus and Bairdiella chrysoura  w hich 
spaw n during th e  w arm er m onths) and 
there is n o  large in flux  o f juvenile 
sciaenids (e.g., M icropogonias undulatus 
and L eio sto m u s xan thurus)  during  the 
w inter-early  spring com parable w ith  th a t 
seen along the  Texas coast (G unter, 
1945; G allaw ay and S traw n, 1974). 
Two no tab le  exceptions to  the  juvenile 
cold m o rta lity  w ere observed in the 
m o n th ly  seine catch  w ith in  the  Indian 
River during Ja n u a ry , 1977. Large 
num bers o f juvenile  (10-25 m m  SL) 
M ugil cephalus, w hich has a circum trop- 
ical-warm  tem perate  d istrib u tio n  (M oore, 
1976), and Lagodon rhom boides, p re­
dom inately  a w arm  tem perate  Carol­
inian species (Caldwell, 1957), were 
cap tu red  in active schools at tem ­
peratu res as low  as 10.0 C during and 
afte r the  observed period  o f m axim um  
cold m o rta lity . H ow ever, ad u lt Mugil 
cephalus did die during the  period of 
m axim um  cold m orta lity . A lthough no 
juvenile croaker, M icropogonias un ­
dula tus, were seen, several adults of 
this species w ere found dead  a t tw o 
lagoon stations. These d a ta  suggest th a t 
sten o th erm ic  trop ical and subtropical 
fishes are cold sensitive at all stages o f 
developm ent while sub tem pera te  Carol­
inian form s are relatively eurytherm ie 
as juveniles. S ub tem pera te  Carolinian 
adults are som ew hat less eurytherm ie
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th an  th e ir juveniles and are capable o f 
m aking extensive m igrations to  w arm er 
w a te r (G un ter, 1945; Springer and W ood­
b u m , 1960).

V ariable hypo therm al m o rta lity  o f 
trop ical fishes in the Indian  River 
lagoon in b o th  Jan u a ry  1976 and 1977 
dem onstra tes  d ifferen tial low  lethal 
tem peratu res in these fishes. O bserved 
le tha l tem peratu res ranged from  6 to  
13 C. D iapterus auratus, Selene vom er  
and Strongylura  tim ucu , e tc . w ere 
observed dead a t the  upper end o f  the  
lethal tem peratu re  range w hile S tro n g ­
ylura  notata , H aem ulon parrai and 
C entropom us undecim alis, e tc . died 
nearer the  low end o f the observed 
lethal tem peratu re  range. This d iff­
eren tial dea th  o f tropical fishes over a 
range o f le thal tem peratu res has also 
been  observed b y  G raham  (1971, 1972) 
in con tro lled  lab o ra to ry  experim ents. 
His low er lethal tem peratu re range was 
8-13 C using various trop ical species 
from  Panam anian w aters. T hese ob­
servations dem onstra te  th a t som e tro p ­
ical fishes are m ore eu ry therm ie  than  
o thers.

In add ition  to  the 77 species affected  
by  cold in Jan u a ry  1977, 55 o th e r 
fishes have been recorded  in previous 
publications as suffering m o rta lity  during 
periods o f extrem e cold in  F lo rida  
(Table 3). T herefo re, a to ta l o f 132 fish 
species have suffered cold  m o rta lity  in 
F lorida w aters. The vast m ajo rity  o f 
these fishes are trop ical and sub trop ical 
species. I f  m ore extensive observations 
were m ade o f h ypo therm al m o rta lity  
in shallow  w ater ree f fishes, the  co m ­
prehensive m orta lity  list for F lorida 
w aters w ould  u n d o u b ted ly  be longer.
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TABLE 3. Fishes previously reco rded  as killed b y  cold in  Florida b u t n o t recorded  
b y  th e  au thors during th e  Jan u ary  1977 freeze. A u th o r code num bers follow Table 1 
w ith  one add ition : 13 = T abb , 1958.

SPECIES' AUTHOR

C archarhinidae
Carcharhinus sp. 11
R hizoprionodon  terraenovae 11

Sphyrnidae
S phyrna  (zygaena)? 11

Clupeidae
B revoortia sm ithi 7*

Synodontidae
S yn o d u s  fo e ten s 6 ,1 0 ,1 1

Batrachoididae
Opsanus tau 1 0 ,1 1

A ntennariidae
A ntennarius ocellatus 3

H em iram phidae
C hriodorus atherinoides 3
H em iram phus brasiliensis 3

Belonidae
Strongylura  notata 7 ,1 0 ,1 1
Tylosaurus crocodilus 3

Serranidae
Epinephelus striatus 3
D iplectrum  fo rm osum 3
M ycteroperca  bonaci 3 ,1 0 ,  11

Pom atom idae
P om atom us saltatrix 11

Echeneidae
Echeneis naucrates 7 ,1 1 ,1 0  (possibly 

neucratoides)
Carangidae

Oligoplites saurus 10,11
Seriola  sp. 10,11
Caranx latus 8

Lutjanidae
L utjanus apodus 3 ,9
L. jocu 9
O cyurus chrysurus 3 ,9

Pom adasyidac
Haem ulon parrai 3
H. aurolineatum 3
H. flavolineatum 3
H  m acrostom um 3
H. stria tum 3
O rthopristis chrysoptera 10 ,11

Sparidae
Archosargus probatocephalus 11 ,12
A . rhom boidalis 5
Calamus sp. 5
Lagodon rhom boides 7 ,9 ,1 1

Sciaenidae
Bairdiella chrysura 7
Cynoscion nebulosus 7*, 1 1 ,1 2 , 13
E q u e tu s  acum inatus 3
L eiostom us xanthurus 7
M enticirrhus  sp. 11
Sciaenops ocellata 11 ,12

Pom acanthidae
Holacanthus bermudensis 3
H. ciliaris 3

Pom acentridae
A b u d e fd u f  saxa lilis 3

Scaridae
N icholsina usta 3
Scarus guacamaia 3
S. coeruleus 3
Sparisom a  (chrysopterum  o r rubripinne) 3 (as S. flavescens)

G obiidae
M icrogobius gulosus 6

A canthuridae
A can thurus coeruleus 3

Trichiuridae
Trichiurus lepturus 7*

Scorpaenidae
Scorpaena  sp. 3

Bothidae
S yac ium  m icrurum 3

Balistidae
Balistes capriscus 10, 11
M onacanthus ciliatus 3

O straciidae
L actophrys bicaudalis 3

D iodontidae
C hilom ycterus atinga 3
D iodon hystrix 3
D iodon  sp. 6

T o ta l: 55 species
* = fish th a t m ay have been killed b y  fishermen.

We w ould  like to  thank  Eustice
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Pam elle and  Ross W ilcox o f th e  F lorida 
Pow er and L ight C orpora tion  fo r p ro ­
viding w a te r tem peratu res from  plants 
in the  T am p a  Bay and Indian  River study  
areas, respectively . Mr. Shuler Massey 
k ind ly  p rov ided  w ate r tem p era tu re  data  
from  th e  V ero B each m unicipal pow er 
p lan t. M r. Charles G ollnick o f  th e  Vero 
Beach R ecreation  D ep artm en t k indly  
provided  V ero  B each su rf tem peratu res. 
George K ulczycki, Phil H astings, Jo n  
Do drill, D avid M ook and C oddy Wilhams 
to o k  w a te r tem p era tu re  d a ta  and re la ted  
valuable observations from  the  Indian  
River lagoon. B rian B arn e tt o f  the 
F lorida Gam e and Freshw ater Fish 
C om m ission and  R anger A llen H offacker 
o f the  F lo rida  D ep artm en t o f N atural 
R esources b o th  provided  invaluable 
com m ents and observations on fish 
kills in  Ind ian  R iver and  St. Lucie 
counties, respectively . We w ould  like 
to  th an k  George H enderson , D annie 
H ensley, M ark L eiby , Jam es Seagle, 
G regory S m ith  all o f  the  F lo rida  D e­
p artm en t o f  N atu ral R esources M arine 
R esearch L ab o ra to ry , S t. Petersburg 
and R o b ert Jo n es  o f  the  H arbor B ranch 
F o u n d a tio n  fo r th e ir  constructive com ­
m ents on  the  m anuscrip t.
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p. 78, left column, line 7: for “ 1958; Moore, 1976)”  read “ 1958; Moore, 1976 a)”

p. 80, left colum n, line 9: for “ (Choa, 1977)”  read “ (Chao and Musick, 1977)”

p. 82, Table 1, line 39: for “ Epinephelus itjara”  read “ Epinephelus itajara”

p. 83, Table 1, foo tno te: for “ *Previous m ortality records: l=Everm ann and Bean (1 8 9 7 ) ,. .  .12=
Willcox (1887)”  read “ *Previous m ortality records: l=Everm ann and Bean (1 8 9 7 ) ,. .  .7=Snelson 
(1978), 8=Springer and W oodbum ( 1 9 6 0 ) ,. .  .12=Wilcox (1887).”

p. 84, left column, line 26: for “T\ falcata”  read “T. falcatus”

p. 84, right column, lines 27, 28: for Trachinotus falcata ” read “ Trachinotus falcatus”

p. 86, left column, line 8: for “ Pogonias chromis” read “ Pogonias cromis”
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p. 90, left column, lines 2, 3, 4, and 5 for “ Howeyer, similar conditions were observed in these fishes at a 
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p. 92 , Table 2, lines 1, 2: for “ Scorpaenidae Scorpaena plumieri”  read deleted
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p. 93, le f t  column, lines 1, 2: for “ (Hastings, 1972; G. Sm ith, 1974; Walls, 1975)”  read “ (Hastings, 
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p. 94, Table 3, line 49: for “ Bairdiella chrysursa”  read “ Bairdiella chrysoura”

p. 96, right column, Une 41: for “ Moore, 1976”  read “ Moore, 1976 b”
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