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Synopsis

The most important factor affecting the potential range of 14 non-native fishes in Florida appears to be
their lack of tolerance to low temperatures. In this study, temperatures associated with reduction in feed-
ing, cessation of feeding, loss of equilibrium and death were identified by decreasing water temperature
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Methods

Fishes were collected with cast nets, seines and/or
electrofishing gear from populations in Florida.
The number, size ranges and trial dates for fishes
tested are given in Table 1. One adult fish or 1-15
subadult or juvenile fish were stocked per aqua-
rium. Fish were held for 7-10 days at the same
temperature from which they were collected in eight
freshwater aquaria. Temperatures were then de-
creased 1°C + day ! in six of the eight aquaria and
kept constant in the remaining two control aquaria.
Daily monitoring included (i) counting and remov-
ing uneaten food (pelleted Purina Trout Chow! or
live Gambusia affinis) left over from a known
amount fed the previous day; (i1) observing fish for
behavioral changes associated with decreasing tem-
perature; and (iii) maintaining water quality by
exchanging 10% of the water and removing feces.

Temperatures associated with reduction in feed-
ing, cessation of feeding, loss of equilibrium and
death were noted. Dead fish were weighed, mea-
sured and examined for parasites and diseases. The
‘reduced feeding temperature’ was defined as the
point where there was a marked reduction in
feeding which was normally preceded by a gradual
reduction in feeding activity. Temperature-feeding
interactions identified using these methods are not
necessarily indicative of those in the natural envi-
ronment.

A semi-closed temperature control system was
used in these experiments. It consisted of a 1700-
liter cold water reservoir, eight 190-liter aquaria
and a 190-liter collection and return box. This
system was filled with city water which was vigor-
ously aerated 2-4 days prior to each trial to remove
residual chlorine. Cold water was gravity-fed to
each aquarium where temperature was accurately
maintained (£ 0.1° C) by individual heater-thermo-
regulator controls. Airlifts in each aquaria mixed
the water evenly. Ammonia and pH levels were
measured weekly with a Hach model DR-EL/2
diagnostic kit. Municipal water supply analysis
yielded the following chemical characteristics ex-
pressed in mg+ 17 !: calcium 24. 9-32.3, magnesium

! Reference to trade names does not imply endorsement by the
Florida Game and Fresh Water Fish Commission.
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2.1-3.1, iron 0.03-0.05, sulfate 16.0-19.0, chloride
39.5-55.0, nitrate nitrogen 0.15-0.22, ammonia ni-
trogen 0.08-0.18, organic nitrogen 0.52-0.76, ortho-
phosphate (as PO,) 0.04 and total phosphate (as
POy) 0.05-0.07.

With these methods, a sample size of six or more
will yield the true mean lower lethal temperature (+
1°C) for these fishes 999 of the time. This value
was based on the maximum standard deviation (S
< 0.9) for lethal temperatures of the 14 species
tested and a 1° C acceptable standard error of the
mean (2.58 ¢, = S/(N-l)%, where 6, = standard
error of the mean, S = standard deviation and N =
sample size).

Results

Lower lethal and sublethal temperatures for the 14
non-native fishes tested are summarized in Table 1.
A t-test comparison of mean lower lethal tempe-
ratures for juvenile (X = 6.0°C; 45-161 mm total
length) and adult (X = 6.5°C; 266-309 mm total
length) Tilapia aurea was significant (¢ = 0.01);
however, differences between juvenile and adult
Astronotus ocellatus, Cichlasoma trimaculatum and
Tilapia mariae were not significantly different (t-
test, a = 0.01).

Control fish, with the exception of one juvenile
tilapia which died due to intraspecific aggression,
remained healthy and fed throughout each test. No
unusual physical anomalies or infestations of para-
sites were noted in post-mortem examinations.
Ammonia nitrogen (N) and pH levels ranged from
0.07-0.51 ppm and 7.1-8.0, respectively.

Visual observations

Visually observed effects of decreasing temperature
were generally associated with changes in behavior
and coloration. Universally experienced behavioral
changes included a gradual decline in activity,
darkening of body and fin coloration, and a rela-
tively abrupt loss of equilibrium. In addition to
these, there were some species specific responses.
These included: 1. A brief period lasting 1-3 days
when fish (7. mariae, T. mossambica, C. trimacu-
latum, C. batrachus) became actively agitated by the
daily siphoning ritual. 2. Fish (7. mariae, C. bima-
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Table 1. Lethal and sublethal temperatures identified for 14 non-native fishes from Florida (N = number of specimens, TL = total
length range in millimeters, W = weight range in grams, X = mean, R = range, s = standard deviation).

Species Temperature (° C)
N TL W Trial Initial Parameter Reduced No Lost Died
dates temperature feeding  feeding  equilibrium
Cichlasoma 6 143-186 58-143 13 July to 30 X 18.2 17.0 8.0 5.0
cyanoguttatum 15 Aug 1978 R 16-23 13-22 7-9 5-5
$ 2.6 3.1 0.6 0
Tilapia 20 45-309 2-585 25 Augto 28 X 13.3. 11.0 7.2 6.2
aurea 26 Sept 1977 R 13-16 10-12 7-8 6-7
S 0.8 04 04 0.4
Cichlasoma 6 59-80 4-12 18 Oct to 20 X 16.0 13.2 9.0 8.0
octofasciatum 11 Nov 1978 R 15-18 13-14 9-9 8-8
s 1.1 04 0 0
Cichlasoma 13 88-159 13-94 18 Jan to 21 X 16.3 14.0 10.4 8.9
bimaculatum 28 May 1978 R 15-19 12-17 9-12 8-11
$ 1.3 1.4 1.0 0.9
Hemichromis 6 95-100 15-19 20 Dec 1978 to 21 X 16.8 13.5 11.5 9.5
bimaculatus 10 Jan 1979 R 16-17 13-15 11-12 9-10
s 04 0.8 0.5 0.5
Tilapia 6 217-244  189-280 15 June to 28 X 15.0 11.8 11.2 9.5
mossambica 11 July 1978 R 14-17 11-13 10-12 9-10
s 1.1 1.0 0.8 0.5
Belonesox 11 119-178 14-47 24 Apr to 24 b3 14.6 12.5 10.6 9.7
belizanus 17 May 1978 R 13-16 11-15 10-11 9-11
s 1.2 1.4 0.5 0.6
Clarias 6 301-355 198-325 17 May to 29 X 15.7 14.0 —! 9.8
batrachus 13 June 1978 R 14-18 12-15 — 9-10
s 1.6 1.9 — 0.4
Cichlasoma 9 93-115 71-88 21 Nov to 25 X 17.9 15.2 11.3 10.3
meeki 14 Dec 1978 R 16-20 15-16 11-12 10-11
s 1.8 0.4 0.5 0.5
Tilapia 9 121-153 44-85 13 Sept to 25 X 16.7 15.2 11.1 10.3
melanotheron 8 Oct 1978 R 16-18 14-16 11-12 10-11
s 0.7 0.8 0.3 0.5
Cichlasoma 19 32-269 1-407 22 Nov to 22 X 18.4 16.3 11.8 10.9
trimaculatum 9 Dec 1977 R 17-21 16-20 11-13 10-10
s 1.1 0.9 0.5 0.4
Tilapia 9 70-240 10-350 31 Mar to 25 X 15.8 13.1 11.9 11.2
mariae 21 Apr 1978 R 15-17 12-15 11-12 10-12
s 0.7 1.4 0.3 0.7
Hypostomus 6 273-331  214-352 2 June to 25 X 20.5 18.7 —1 11.2
sp. 28 June 1980 R 19-23 18-20 — 11-12
s 1.8 0.8 — 0.4
Astronotus 23 40-296 1-642 16 Aug to 28 b3 17.1 14.5 13.6 12.9
ocellatus 11 Sept 1978 R 16-19 14-18 13-14 12-14
s 0.7 1.3 0.5 0.4

No loss of equilibrium observed since these fish died in a normal resting position.

culatum, C. trimaculatum) resting near the bottom,
swimming and/or surface bobbing at an angle of 45-
90°. 3. Head down twirling and somersaulting (H.
bimaculatus). 4. Intermittent swimming in an un-
coordinated and lethargic manner (7. aurea, T.
melanotheron). 5. Clamped fins (7. aurea). 6. Ex-
tended fins (C. meeki). 7. Rhythmic side to side

movements while resting in one place on bottom (C.
meeki). 8. Hemorrhaging at the base of some fins
(T. mariae, T. mossambica, B. belizanus).
Changes in coloration were, as noted above,
characterized by a gradual darkening of all fishes.
Several species exhibited a dramatic intensification
of red abdominal chromatophores. Fishes dying
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with exaggerated red pigmentation were T. mariae,
C. meeki, C. trimaculatum, and H. bimaculatus. The
heavy paired fin spines of Hypostomus sp. changed
from their normal brown to orange-red when water
temperatures were decreased to 12°C.

Incidental observations were made on brooding-
feeding-temperature interactions of two tilapias. A
female 7. aurea was observed brooding unfertilized
eggs in a preliminary unreported trial after having
been held alone for 34 days at 23-27°C. This fish
stopped feeding and continued to brood eggs for 7
days while temperatures were decreased 1°C -
day ! to 16°C. At this time, she released her eggs
and immediately began feeding again.

Two female T. mossambica continued brooding
eggs, embryos or juveniles, after capture, transport
and stocking into the experimental system. Both
females continued to feed throughout the trial at
levels commensurate to non-brooding fish. One
group of 100-125 were released and free swimming
12 days after the trial began. When disturbed this
female continued to receive her brood for 2 more
days. Temperatures during this time ranged from
28-22° C. These juveniles appeared healthy and fed
actively until temperatures had been decreased to
15°C, after which the female began brooding the
young again. Young were continuously brooded
until 13°C and intermittently until 11°C. When
released at 11° C most were dead. All were dead by
10°C. Lower lethal temperature for this adult fish
was 10°C.

A second group of 25 larger young were first
observed free swimming 6 days after the trial had
begun. Parental care and juvenile behavior were
similar to the first group. Young continued to be
intermittently brooded for 8 more days, after which
they were not received by the female until the
temperature had been decreased to 11°C when she
once again took juveniles into her mouth. Lower
lethal temperature for this adult was 9° C. Range of
lower lethal temperatures for young from both
females was 9-12°C.

Discussion
A universal lower lethal temperature for these fishes
cannot be extrapolated from these data. We concur

with Greenwood (1975) and others that there are
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probably several lower lethal temperatures for any
given species, each of which is dependent on exist-
ing internal and external conditions of the fish.
Important criteria affecting lower lethal tempera-
tures include acclimation temperature, cooling rate
and salinity (Brett 1956, Allanson et al. 1971,
Chervinski & Lahav 1976).

Temperature is a range determinant for some
plants and animals (Odum 1959), however the
mode(s) of temperature induced mortality is not
well understood. Climatological and hydrological
differences also necessitate interpretation of tempe-
rature data on a regional basis. Sublethal tempe-
ratures may become lethal if exposure duration is
extended (Yashouv 1960). Diel temperature fluc-
tuations may decrease cold tolerance of fish in
restrictive habitats (Hauser 1977), and be innocu-
ous in larger systems, where fish can select from a
variety of temperatures.

Tilapias are apparently able to select the warmest
available water when exposed to low temperatures.
Tilapia aurea have been observed congregating in
heated power plant effluents when stressed by low
water temperatures (Buntz & Manooch 1969, Noble
et al. 1976). In ponds they occupy the warmer
shallow water in the afternoon and deep water at
night (McBay 1962). Tilapia aurea also move into
warmwater refuge areas provided by protected
deep, flowing waters and springs when tempera-
tures fall below their preferred temperature range
(H. L. Moody, personal communication).

Predicting the impact of non-native fishes in
Florida requires knowledge of their potential range.
Although definitive statements cannot be made,
tentative generalizations can be considered. Mean
monthly air temperatures in Florida can be used to
predict mean monthly stream temperatures (Ander-
son 1975). Figure 1 depicts mean monthly air
temperature isotherms for January, normally Flo-
rida’s coldest month of the year (Bradley 1974).

Comparison of these isotherms with tempera-
tures reported here indicates suitable winter stream
temperatures exist (i) throughout Florida for Cich-
lasoma cyanoguttatum and Tilapia aurea: (i1) south
of Jacksonwille for Cichlasoma bimaculatum and C.
octofasciatum; (ii1) south of Gainesville for Belone-
sox belizanus, Cichlasoma meeki, Clarias batrachus,
Hemichromis bimaculatus and Tilapia mossambica;
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Fig. I. Isotherms (after Thomas 1974, Wood & Fernald 1974) depicting estimated low mean monthly stream temperatures in Florida.

(iv) south of Daytona Beach for Cichlasoma trima-
culatum, Tilapia melanotheron, T. mariae and Hy-
postomus sp.; and (v) south of Tampa for Astro-
notus ocellatus. These estimates of potential ranges
are based on subjective evaluation of sublethal
temperatures and long term mean temperatures.
Eventual ranges of these fishes will be determined
by a combination of biotic (e.g. susceptibility to
discase, predation) and abiotic (e.g. warm water
springs) factors.

Ranges of native fishes restricted by low tempe-
rature might also be used for predicting eventual

range extensions by introduced tropical fishes.
Dorosoma petenense, endemic to the immediate
Gulf of Mexico drainage, exposed to decreasing
1°C+ 72 h™! temperatures began dying at 9° C and
never survived at 4°C, indicating a lower lethal
temperature of 5°C (Griffith 1978). These tempe-
ratures are similar to the lowest lethal temperature
identified here; therefore, maximum eventual range
for any of the 14 fishes tested should be limited to
the immediate Gulf of Mexico drainage. Stocking
and dispersal of D. petenense, however, has ex-
tended its range as far north as the Ohio River
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System and West Virginia, and west to California
and Hawaii (Griffith 1978). Continued intervention
by man is expected in translocating Florida’s non-
native fishes, particularly the tilapias. Thus, poten-
tial range extensions can not be based entirely on
biological and climatological data.

These range estimates represent considerable ex-
pansion potential for these fishes in Florida. Clarias
batrachus is rapidly expanding its range (Courtenay
1978) and T. aqurea occurs over 75% of the state
(Foote 1977). Tilapia aurea has occassionally over-
wintered in north Florida and southern Alabama
(Rogers 1961, Barkuloo 1964, Habel 1975).

Cold induced mortalities in Florida have only
been reported for T. aurea, C. batrachus and Hypo-
stomus sp. (Courtenay 1970, Foote 1977, Martz
1979). Most of these observations were made in
January-February 1977 when Florida experienced
its coldest winter on record. Large numbers of T.
aurea and C. batrachus died; however, no changes
in density or range of either species were sub-

“sequently reported. The insignificance of low water
temperatures to date indicates that these fishes are
not currently limited by low temperatures.

Tilapias

Members of the genus Tilapia (Sarotherodon),
family Cichlidae, are warmwater stenotherms that
occur naturally in Africa as far north as Israel; some
have been introduced in most tropical-subtropical
areas of the world. The four tilapias established in
Florida are T. aurea, T. mossambica, T. mariae and
T. melanotheron. Tilapia are known for their overall
hardiness, tolerance to a variety of environmental
conditions, feeding low on the food chain, repro-
ductive capabilities, maintenance of high standing
crops and ability to become established outside
their native range (Chimits 1955, 1957, Hickling
1963). Potential habitat for tilapias is restricted only
by their limited tolerance of low temperature (Hick-
ling 1963). Due to their importance as aquacultural
species, more emphasis has been placed on the
effects of temperature on 7. aurea and T. mossam-
bica than other tropical fishes.

Descendants of 7. aurea imported from Israel by
Auburn University, were first introduced in Florida
in 1961 (Crittenden 1963, Smith-Vaniz 1968). Yas-
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houv (1960) reported T. nilotica (T. aurea according
to Thys Van den Audenaerde 1968) exposed to 5°C
stopped moving and laid on their sides, although if
temperature increased within a few hours they
recovered. McBay (1962) reported temperature-
induced mortality of juvenile and adult T. aurea in
Alabama ponds began when water temperature
dropped to 8.9 and 7.2°C, respectively, although
some survived short exposures to 2.8°C.

In a controlled temperature study, Kelley (1957)
found T. mossambica stopped feeding at 15.6°C
and died by 8.3°C, when temperature was decreas-
ed 0.6°C- day !. When water temperatures were
decreased more slowly (0.6°C« day ! until 14.4°C
after which 1.1°C- week™ 1), all fish died by 9.7° C.
These results were corroborated with pond obser-
vations in which mortality was noted at 7.8°C. In
California ponds, temperature-induced mortality of
T. mossambica occurred at relatively high tempera-
tures (12.8-15.6° C), although some apparently sur-
vived until temperatures dropped below 9.0°C
(Hoover 1971).

In 5% seawater (salinity about 2 ppt) both 7.
aurea and T. mossambica tolerate lower tempe-
ratures than when they are in fresh water (Allanson
et al. 1971, Chervinski & Lahav 1976). This may
explain why, in the coldest parts of its natural
range, 7. mossambica occurs more frequently in
estuaries than in fresh waters (Allanson et al. 1971,
Wheeler 1975). Tilapia mossambica and T. zillii

have been found in marine and brackish waters of -

California (Knaggs 1977). In Florida, T. aurea, T.
mossambica and T. melanotheron occur in fresh,
brackish and probably marine habitats.

Lethargic 7. melanotheron (originally misiden-
tified as 7. heudeloti Demuril according to Thys Van
den Audenaerde 1968) were observed in Tampa
Bay, Florida in water temperatures as low as 9.6°C
(Springer & Finucane 1963). This temperature is
lower than the lethal limits reported here and may
be attributed to brackish Tampa Bay water.

Cichlasomas

Members of the genus Cichlasoma, family Cich-
lidae, are native to Central and South America; one
species (C. cyanoguttatum) occurs as far north as
the Rio Grande River, Texas (Nelson 1976). Since
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Burgess (1958) reported the establishment of C.
cyanoguttatum in Florida, C. bimaculatum, C. octo-
fasciatum and C. meeki have also become estab-
lished (Courtenay et al. 1974, Hogg 1976). A
remnant population of C. trimaculatum was thought
to exist following an attempt to eliminate them in
1975 (Shafland 1976), but none have been collected
since.

Only limited data are available on the life history
of cichlasomas in their native habitats (Lowe-
McConnell 1975) and there are apparently no
previous records documenting lower lethal tempe-
ratures for the five species reported on here. Cur-
rent Florida distributions of Cicklasoma center
around the Miami and Tampa areas. There have
been no documented temperature induced mortali-
ties (i.e. winterkills) of any Cichlasoma in Florida.

Other species

Lower lethal temperatures identified here for Be-
lonesox belizanus and Clarias batrachus closely
approximate those reported previously. Belshe
(1961) concluded that the distribution of B. beli-
zanus would be limited by water temperatures at or
below 10°C. Pardue (1970) reported lower lethal
temperatures for C. batrachus from 9.4-12.8°C,
depending on thermal history. Reddening of the
pectoral fin spines in pond held Hypostomus
plecostomus occurred when water temperatures
dropped below 12.8°C, with death presumably
following shortly thereafter (Grier 1980). Appa-
rently, effects of low temperatures on Hemichromis
bimaculatus and Astronotus ocellatus have not been
previously documented.

Conclusions

In addition to its tropical-subtropical climate, Flo-
rida’s many warmwater springs and interconnected
waterways provide opportunity for establishment
and dispersal of many non-native fishes. The modi-
fying effect of brackish water on tilapias lower
lethal temperatures may permit them and possibly
other non-native fishes to extend their ranges still
further. There appears to be more suitable habitat
in Florida for these fishes than was previously
recognized.
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