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ABSTRACT

The relationships between preferred temperature 
and ontogeny in the guppy Lebistes reticulatus were
investigated using a horizontal temperature gradient.
The results suggest a preference for warmer temperatures 
in the juvenile fish. It appears there is a gradual 
shift in selection from warmer to cooler temperatures 
as the guppy matures to the adult stage. This higher 
temperature preference in the younger fish may be related
to optimum growth rate and avoidance of predation
especially from its own species. Predation experiments 
were also run in the gradient. No definite conclusions
about the relationship between predation and temperature
selection could be made from the data.
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LITERATURE REVIEW

Temperature is one of the most important factors 
in determining an organism's distribution in nature. 
The regulation of temperature is achieved through various
biochemical, physiological and behavioral mechanisms.
Through the course of evolution vertebrates have evolved 
two basic means of temperature control (34).

Birds and mammals utilize one of these methods
and are referred to as warm-blooded, homeothermic or 
endothermic animals. While fish, amphibians and reptiles 
employ the other method of thermoregulation and are
labeled cold-blooded, poikilothermic, or ectothermic 
animals (34).

These two groups do not represent clear-cut divisions
in nature. Rather they serve as a general means of 
categorization for discussion purposes.

Endothermic Animals

Endothermic animals must maintain their body tempera
ture within a very close range of control. For example, 
mammals universally keep their temperature at approximate
ly 38 C whether they are found in the tropics or in artic
climates (35).
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This maintenance and regulation of body temperature 

is achieved through three means. First, heat is released 
during the burning of foodstuffs and absorbed by the 
body. Second, the endotherms possess insulators such 
as fat, fur and feathers to conserve body heat. Lastly, 
they have physiological mechanisms to manipulate body 
temperature such as sweating, panting, shivering and
dilation or constriction of blood vessels (34).

Because of their physiology endotherms usually 
choose an environmental temperature below their preferred 
body temperature so they may lose heat generated by
metabolism through passive diffusion. It is much harder 
for an endotherm to quickly lower its temperature than 
raise it. Endotherms have many more effective mechanisms
to raise their temperature. For example raising their 
metabolic rate is an effective way to quickly raise 
body temperature (34).

Endotherms as a rule have a higher rate of metabolism 
than comparably sized ectotherms. However, there is
a definite limit to the amount of metabolic heat that
can be produced in a given time period. Thus, insulators 
such as fur often provide an amazingly sufficient means
of conserving body heat. For example, the thick fured 
artic fox can rest comfortably at -50 C, a difference 
of 88°C from its body temperature (35).
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Ectothermic Animals

The ectotherms on the other hand do not rely on 
insulation or physiological mechanisms to maintain their 
body temperature. Due to the lack of efficient regulatory 
mechanisms the ectotherm's body temperature is always 
approximately equal to that of the ambient temperature. 
Ectotherms are at the mercy of their habitats' current 
temperature. To illustrate, as the temperature rises
ectotherms generally become more active and as the tem
perature falls they become more lethargic. The primary
means of temperature regulation in ectotherms is selecting 
an environment with the same temperature as their pre
ferred body temperature (34).

Why Fish are Ectotherms

The majority of fish are obligate ectotherms. Two
exceptions are some species of tuna and mackerel sharks.
These fish achieve a degree of endothermy by vascular 
specialization which reduces heat loss (11,23). Generally 
fish lack any physiological mechanisms for thermoregula
tion .

This inability to regulate body temperature by
physiological mechanisms in fish is due to their water 
environment and basic morphology. One cause of heat
loss in fish is due to direct conduction of heat from
the body surface to the surrounding medium. Fish lack
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effective thermal insulation. Also, heat loss results 
from the convection of body heat by the blood to the 
gills where respiration occurs (55).

Water from which the fish obtain their oxygen con
tains only 2.5% of the oxygen found in an equal amount 
of air. However, the same amount of water has 3000 
times the capacity of air for absorbing heat. Consequent
ly, the heat loss in fish during respiration can be 
100,000 times greater than the heat loss other animals 
experience in extracting oxygen from the air (11).

In fish respiration is accomplished when water 
flows over the gills. Here the oxygen from the water 
diffuses into the venous blood. The venous blood reaching 
the gills may have a higher temperature than the surround
ing water. This is due to the metabolic heat produced
in the body which is absorbed by the blood. The venous 
blood carries the heat from the body core to the gills
(11).

This relationship between blood flow and heat loss 
can be studied by comparing the heating and cooling
rates of live and dead fish. Dead fish heat and cool
at equal rates while live fish heat and cool at different
rates due to blood flow. It is estimated that blood
flow accounts for 5-30% of the internal heat loss of 
living fish (52,19).

The heat gained through metabolism and carried
by the blood is then quickly lost at the gills because
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heat diffuses into the water 10 times faster than oxygen 
into the blood. By the time the blood is adequately 
saturated with oxygen it is about the same temperature 
as the ambient water (11).

The physiological mechanisms of constriction and 
dilation of blood vessels employed by endotherms do 
not appreciably affect the body temperatures of fish.
The inner body temperature will only differ from a few
tenths to a few degrees C above the water temperature
depending on the mass of the fish and its surface area
(49).

At the gills the oxygenated blood will then return 
to the body tissues through the circulatory system. 
Here again the blood temperature may rise due to metabolic 
heat production. The temperature rise will be proportion
al to the amount of oxygen extracted from the blood 
for cellular respiration (11).

If a fish raises its level of metabolism by increas-
ing its activity there is still only a negligible rise
in body temperature. This is because the increased
rate of metabolism requires more oxygen which leads
to higher gill activity. Therefore, more heat is lost
at the gills negating the extra heat produced by metabo
lism (11).

Consequently, fishes at rest or swimming vigorously 
will have approximately the same temperature and it
will be very close to the temperature of the surrounding
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water. Most fish due to their physiology and environment 
are obligate ectotherms. They have however developed 
their own means of adapting and responding to thermal
fluctuations.

Thermoregulation and Acclimation

Fish have developed two types of adaptations which 
allow them to survive in dynamic thermal environments. 
Fish especially in fresh water may be exposed to sudden
temperature changes where springs empty into main bodies 
of water, in sharp horizontal temperature gradients 
characteristic of shallow waters, during passing weather-
fronts and in areas with wide seasonal fluctuations
in temperature (5).

For example, it is conceivable that a wild guppy 
(Lebistes reticulatus) moving about in its natural envi
ronment will swim from warmer water to an entrance of
a spring and then into a brook where it lives. This 
movement could result in the guppy experiencing a rapid 
drop in temperature of 15 C and yet surviving the thermal 
shock (68).

The two types of adaptation that allow fish to
exist successfully in fluctuating thermal habitats are
thermoregulation and acclimation. Thermoregulation 
is an attempt to minimize changes in body temperature. 
This can be achieved by behavioral and physiological 
mechanisms (56).
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As mentioned earlier, fish relative to endotherms 

have few if any effective physiological mechanisms for 
thermoregulation. The majority of their thermoregulatory 
behavior relies on acute temperature sensitivity and 
locomotory capabilities which enable them to detect 
and leave thermally unsuitable environments (9,4).

Acclimation, the other type of adaptation, refers 
to the physiological and biochemical changes that are 
induced by an alteration in temperature. These changes 
take place over a period of hours or days. The purpose 
of these long-term adjustments is to enable the animal 
to operate more efficiently at the new body temperature 
(33) .

Some of the changes due to the acclimation process
include the use of temperature-dependent alternative 
forms of enzymes (60), alterations ip the fatty acid 
composition of membrane lipids (33), and the adjustment 
of bicarbonate and ion exchange mechanisms at the gills 
(20).

Both thermoregulation and acclimation work together
to determine a unique range of tolerable temperatures 
for each species. A fairly wide range of temperature
tolerance 16-36 C is exemplified in the guppy Lebistes 
reticulatus). However it can only endure the extremes 
of this range for short periods (68).

In most cases the extremes of thermal existence
are found at 45 C when proteins begin to denature and
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at 0 C when intracellular water begins to freeze (34). 
The limits of temperature tolerance in a species of 
fish will never span this whole range. Few fish species 
can withstand temperatures above 40 C and the lower
lethal point for some species especially tropical fish 
such as the guppy is well above freezing (55).

The Effects of Temperature on Fish Physiology

It has been demonstrated in sockeye salmon (Oncorhyn- 
chos nerka) that a majority of the physiological processes 
are optimized at a particular temperature (8). This 
temperature as will be discussed later is termed the 
final preferendum (27).

In fish the fluctuation of temperature away from
the final preferendum, can have severe physiological 
effects which must be responded to either by immediate 
thermoregulatory behavior and/or through long-term accli
mation processes.

The adverse affects of temperature change can be 
explained quite simply on the molecular level. Biochemi
cal reaction rates are directly affected by temperature. 
A rise in temperature will cause an increase in thermo-
molecular motion and thus increase the chance of molecular
collision. This will result in a higher rate of reaction. 
Biochemical reactions though are catalyzed by enzymes. 
Thus as temperature rises it will begin to have a dele
terious effect on the rate of reaction when the enzymes
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begin to lose their tertiary structure and denature. 
The combined result of these interacting factors means 
each enzyme catalyzed biochemical reaction proceeds 
most efficiently at a certain optimum temperature (38).

This general effect of temperature on the rate 
of biochemical reactions has far reaching influence 
on many interrelated physiological processes such as 
osmoregulation, acid-base balance and cellular respira
tion.

For example, in fish a large part of ion-regulation 
takes place at the gills. The cells for active ion 
uptake are very sensitive to temperature alterations. 
It has been shown in the case of the goldfish (Carassius 
auratus) that a rapid decrease in temperature will slow 
the active uptake of ions. Thus more ions will be lost 
by passive diffusion and a net loss in plasma electrolyte 
will result (39).

In the threespine stickleback (Gasterosterus aculea- 
tus) it was shown that salinity can affect temperature 
selection. The fish chose 18 C when placed in salt
water and 16 C when in fresh water. The selection of
cooler water by the stickleback was probably to reduce 
the overall metabolic and ionic stress it was experiencing 
(20).

In acid-base balance temperature also plays a crucial 
role. To illustrate, it has been shown in four species; 
trout (Salmo gairdner), Carp (Cyprinus carpio), seatrout
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(Cvanoscion arenarious) and dogfish (Scyliorhumus stellar- 
is) that a rise in temperature is accompanied by a 
decrease in the pH (47).

The mechanisms of acid-base balance in fish however
are not the same as in other animals. In air breathing 
animals carbon dioxide is in dynamic equilibrium with 
bicarbonate and this relationship serves as the primary 
buffering system. For example, in humans experiencing
acidosis ventillation will be increased which will
lower the carbon dioxide concentration and thus raise
the pH (42). Fish are not able to affect carbon dioxide 
levels in the blood through respiration because carbon 
dioxide is 30 times more soluble in water than oxygen. 
Thus carbon dioxide is lost from the blood at the gills
much easier than oxygen is absorbed. As a result the
rate of gill ventillation cannot be used to manipulate 
acid-base balance (21).

In fish the acid-base balance during temperature 
fluctuations depends on a constant state of protein 
ionization rather than hydrogen ion activity. As the 
body temperature decreases the pH must increase approxi
mately 0.016 pH units per C. To achieve this bicarbonate 
must be excreted at the gills. Thus, changes in bicarbon
ate seem to be the main regulatory device for acid-base 
control in fish (48). This excretion of bicarbonate
is achieved through ion exchange mechanisms found on
the gills (10) .
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Cellular respiration is also dramatically affected 

in fish by a change in temperature. Cellular respiration
can be considered a measure of metabolism. A rise in
temperature will increase the metabolic rate while a 
decrease will lower it. This is partially due to tempera
ture induced changes in the fluidity of mitochondrial 
membranes. The change in fluidity may alter the rate
of diffusion through the membrane and thus affect the
rate of oxidative metabolism (69).

Another example of the effect temperature has on 
cellular respiration is seen in the green sunfish (Lepomis 
cyanellus). When it is cooled from 25 to 5 C the rate 
of synthesis and degradation of cytochrome C is altered (21).

Besides effects on the molecular level, observable 
behavioral changes reflect overall temperature effects
on metabolism. To illustrate increased swimming speed
can be observed when fish are introduced to warm water.
It has also been shown in many species that maximum 
swimming speed is severely reduced in cold water (67).

An increase in metabolism also presumes an increase 
in oxygen consumption. The effect of temperature on 
metabolism can be exemplified by the increased gill
ventillation rates as well as cardiac output of fish
exposed to warmer conditions (15,51). This increase
in ventillation and cardiac output will satisfy the
higher oxygen demand of the tissue due to the temperature
induced increase in the metabolic rate.
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Detection and Integration of Thermal Changes

Because of thermal stresses placed on various physio
logical processes such as gas exchange, ion regulation 
and pH balance fish need to be able to detect temperature 
changes in order to avoid unsuitable environments and/or 
anticipate physiological changes and make corrections
before the adverse effects become manifest.

Study of the brain has revealed that the behavioral
and autonomic responses to temperature change in fish
and other vertebrates including mammals are similar 
and controlled in the anterior brainstem or preoptic
area. Both warm and cold sensitive neurons have been
located in the anterior brainstem of fish (30).

The role the brain plays in thermoregulation has 
been investigated using thermoelectrodes, various drugs
and lesions in a variety of areas of the brain. Thermo
electrodes have been placed in the forebrain of artic 
sculpins (Myoxocephalus) and the brown bullhead (Ictalurus 
nebulosus). Heating the thermoelectrodes caused the 
fish to swim to cooler water while cooling caused them 
to move to the warmer water (31,16).

The effects of neuroamines in fish were studied
and then compared to previous studies on endotherms.
The results indicate many of the drugs had similar effects
and that fish must modulate thermostats in the central
nervous system in a manner similar to endotherms (29).
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Also other drugs such as sodium pentobarbital, an anesthe
tic, and DDT which are known to disrupt thermoregulation 
in endotherms also interfered with thermoregulation 
in fish (45,46).

Further proof of the importance of the preoptic 
region in thermoregulation was produced by lesion experi
ments in green sunfish (Lepomis cyanellus) and goldfish 
(Carassius auratus). After lesioning these fish showed 
no temperature preference when introduced to a temperature 
gradient (43).

Fish also possess peripheral temperature receptors. 
It was demonstrated that several thousand temperature 
sensitive units are scattered over the body surface 
of the goldfish (Carassius auratus) (3). The outer 
skin of fish is exquisitely sensitive to temperature. 
They have an ability to sense changes of less than 1 C. 
However, to provoke observable behavioral adjustments 
usually requires a change of several degrees in tempera
ture (21) .

Peripheral temperature receptors play an important 
role in sensing temperature changes before the central 
nervous system and body core temperatures change. This 
may allow anticipatory adjustments of physiological 
mechanisms. For example, in the carp (Cyprinus carpio) 
the gill ventillation rate was shown to vary in relation 
to the change in temperature before any detectable change
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implanted thermoelectrodes. If the temperature was 
raised quickly the gill ventillation would increase 
proportionally thus increasing the oxygen supply before 
an actual deficit was produced due to the inevitable
increase in metabolism (18).

Behavioral Responses to Thermal Stress

Since it has been shown that the anterior brainstem
along with sensitive peripheral temperature receptors 
play a role in thermoregulation it is probable that 
fish are adequately equipped to recognize and respond 
to their optimum preferred temperature in a dynamic
thermal environment.

In fish the primary means of thermoregulation is 
movement away from adverse temperatures to a preferred 
temperature range. This is a behavioral response of 
which there are two types; innate or learned. An innate 
response is one fish of the same species will make consis
tently without prior experience. For example young 
fish with limited experience in temperature selection 
will often swim straight down when confronted with a 
stressfully warm temperature. This in the natural envi
ronment would usually lead the fish to cooler water 
(44,21).

Learned responses are those acquired through condi
tioning or experience. In temperature selection this
often involves artificial laboratory environments in
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which the fish learn specific responses to maintain 
their preferred temperature. For example, fish can 
be trained to associate feeding with an increase in 
temperature. These conditioned fish learned to swim 
up a ramp to reach food when the temperature was raised
as little as .03 C (9).

Also goldfish (Carassius auratus) placed in too 
warm water can be taught to press a lever which will 
introduce cold water into the chamber (57).

Behavioral response to temperature whether innate 
or learned allows fish to survive thermally fluctuating 
environments. Fish distribution in nature appears to 
be strongly influenced by temperature. Crawshaw (1981) 
states, "thermoregulatory behavior appears as the most 
important of the homeostatic drives, and is thus one 
of the best predictors of fish location." For example, 
the lingcod (Ophiden elongatus) inhabits shallow inshore 
areas in Alaska but is found in deep water of approximate
ly the same temperature along the Baja California coast 
(21). Innumerable other specific examples of how tempera
ture affects fish distribution in nature have been record
ed (44).

Temperature Selection Studies in the Laboratory

However, fewer
selection in nature
The literature that

studies exist relating temperature 
to that in laboratory experiments.
does exist shows a close but not
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perfect correlation between natural and laboratory tem
perature selection (2,24,62).

In studying fish in the laboratory three basic 
types of temperature gradients have been used. The
type used in our study was a horizontal gradient. This
usually involves a series of chambers connected together 
in which various temperatures are maintained in each
chamber.

The second type is a vertical gradient which utilizes 
the tendency for warm water to float on cold. Depth 
selection is also a variable to be considered along 
with temperature in this system. The vertical gradient 
cannot be used with some species who show a thigmotatic 
response and tend to remain close to the bottom (44).

The third type of gradient is a shuttle type appara
tus which allows the fish to move back and forth between
only two compartments. A modification of this apparatus
allows the fish to act as its own thermostat. For exam
ple, if the fish chooses the warmer of the two compart
ments, the temperature will gradually increase. A con
stant differential is always kept between the two compart
ments as the temperature changes according to the fishes' 
responses (6).

When given a free choice in a thermal gradient 
a fish will occupy a certain limited range of tempera
tures. This can be quantitatively described as the
temperature which occurs most often or the mode of occur-
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rente. Fry (1947) has termed this the "preferred" tempera
ture and defined it as "the region in an infinite range 
of temperature at which a given population will congregate 
with more or less precision."

If the fish species studied in the laboratory is
acclimated to several different temperatures then the
"final preferendum" can be determined. It has been 
defined by Fry (1947) as "the temperature around which 
all individuals will ultimately congregate regardless
of their thermal experience before being placed in the 
gradient." The final preferendum may also be described 
as the temperature at which the preferred temperature 
equals the acclimation temperature (27). The preferred 
temperature is usually measured within two hours or 
less in a gradient and is influenced by prior thermal 
experience while the final preferendum is usually obtained 
within 24 hours or less in the gradient (55).

It is of importance to realize that temperature 
preference in a gradient is strictly a statistical mea
sure. The connotation of "preference" or "final preferen
dum" could produce the image of a fish eventually choosing 
a temperature and remaining there. However, in actual 
experiments the fish tend to move continually back and 
forth between the extremes from which they are repelled. 
Naturally upon repulsion the fish will pass back through 
an intermediate temperature zone and then be repelled 
again when encountering a thermally stressful temperature.
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Thus the highest number of observations will occur some
where in the intermediate zone and this is defined as
the preferred temperature (28).

The natural tendency of most fish to explore the
gradient serves a dual purpose. First it allows them
to become familiar with the whole range of available
temperatures and also to become relaxed and adjusted
to the new environment. Fish that do not move in the
gradient cannot be selecting a preferred temperature. 
Some experimenters actually found it necessary to stimu
late movement in their fish (25). This obviously intro
duces another variable that has to be considered when
evaluating the data.

Many other factors may influence the distribution 
of fish in nature and in laboratory studies besides 
temperature. In the laboratory these variables must
be compensated for by the experimental apparatus or
taken into account when analyzing the data obtained.

The goal of an experimenter is to isolate and study 
a single phase of the fishes' behavior, in our case 
temperature selection. The very simple act of removing
the fish from its natural environment can render question
able the experimental results (44). If the laboratory 
apparatus does not appreciably affect the species' behav
ior and the other variables have been removed then the
experiment can be considered a success. Norris (1963)
states, "In this case the fish selects a range of water
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temperature while swimming calmly within the gradient."

Other factors affecting the temperature selection 
of fish, which need to be considered in the laboratory 
setting, can be divided into three categories. The
first group of factors are those affecting the chemical
condition of the water. These may directly affect a
fishes' physiological state and therefore influence 
temperature selection. Included in this group are pH, 
salinity and the oxygen saturation level. These can 
be easily adjusted by conditioning the water.

Of the three oxygen levels would seem to play the 
most crucial role. In a temperature gradient the warmer 
water will naturally contain less oxygen. This can 
be overcome by saturating all the water with oxygen. 
Water saturated with oxygen considerably exceeds the
normal requirements of an undisturbed active fish when 
other water quality factors are normal (44).

Salinity can also have a major effect on temperature 
selection due to the physiological adaptations employed 
by the fish to reduce osmotic stress (28).

Acid-base balance although of importance to the
fish is not as high a priority as maintenance of an

adequate concentration of oxygen in the blood. As alluded
to earlier a fish will select its temperature relative 
to its immediate oxygen needs rather than carbon dioxide 
levels and afterwards slowly adjust its pH through bicar
bonate excretion at the gills (21).
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The relatively insignificant role pH plays in rela
tion to temperature selection in a gradient can be illus
trated by experiments in which a pH gradient is superim
posed over a thermal gradient. In one experiment the
fish selected its preferred temperature even when the 
pH in this area was near the lethal point (41).

The second category of factors affecting temperature
selection are those introduced by the environment. These
include photoperiod, seasonal changes, phototaxis, rheo- 
taxis and thigmotaxis. They can generally be a.ppraised 
and considered when studying the gradient results.

For example in the bluegill (Leopmis macrochirus) 
it was found that daytime activity was typically two 
to three times higher than at night (5). A regular 
seasonal change was found in the selected temperature 
of brook trout (Salvelinus fontinalis) irrespective 
of the temperature at which they were kept (63). Trout 
were also used by the same experimenters to study the 
affect of illumination or phototaxis. It was found 
trout would avoid their preferred temperature if intense 
light was present in that area of the gradient (64).

Rheotaxis, the response to water currents, must 
also be considered in gradient design (44). Thigmotaxis 
has also been shown to affect and generally override 
temperature in some species. For example, the fantail 
darter (Etheostona flabellare) when placed in a gradient 
would move to the nearest corner regardless of the tem
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perature. In the natural environment however its distri
bution was definitely governed by temperature responses 
(62).

The third category of factors influencing temperature 
selection are those affecting the general state or condi
tion of the fish being tested. These include reproductive 
status, interactions involving dominance or territori
ality, health status, nutritional status, interactions 
involving predator and prey and ontogenic status.

These factors usually have a strong influence on 
temperature selection. Crawshaw (1981) states, "short
term requirements such as food-seeking, territorial 
defense and sexual activity often take precedence over 
temperature regulation."

The ontogenic status or stage in development appears 
to play a crucial role in temperature selection in some 
species. This was a variable investigated for the guppy 
(Lebistes reticulatus) in this thesis.

Early developmental stages such as the egg and 
larva are often the most sensitive to changes in tempera
ture (7). This thermal susceptibility is partially 
due to their lack of behavioral responses such as swimming 
to avoid thermally stressful waters.

The ability to recognize and select temperatures 
seems to be present at birth for many species. Experi
ments have indicated that in trout and salmon fry the
ability to select temperature is well established when
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the fry are first able to sustain forward swimming (25).

In some species as they develop their temperature
tolerance levels and preferred temperature seem to change. 
For example, in two species the Gulf grunion (Leuresthes 
sardina) and the California grunion (Leuresthes tenius) 
the larval forms are tolerant to a wider range of tempera-
ture than the juveniles (49).

The phenomenon of juveniles choosing warmer water
than adults has been studied in Girella. Juveniles
were observed congregating in shallow waters of tide
pools up to 5 C warmer than the deeper areas. The juve-
niles were seen in areas of the tide pools so shallow
that they occasionally exposed their dorsal fins above
the water line (44).

Norris (1963) hypothesized that temperature selection 
may guide the young into habitats in which predator
pressure is low and where growth rate is greatest.



MATERIALS AND METHODS

Gradient Apparatus

The horizontal temperature gradient was constructed 
of 1cm clear plexiglass. The entire apparatus was rec
tangular in shape with sides of 60 x 32cm. The gradient 
channel was U-shaped. Each end contained the heating 
and cooling systems. The gradient channel was 8cm wide 
x 12cm high. The water level was maintained at approxi
mately 6cm (Fig. 1).

The gradient channel was separated from the heating 
and cooling chambers by plastic screens. Glycol was 
pumped through an aluminum coil immersed in the cooling 
chamber. Three aquarium heaters provided heat in the 
opposite end. The desired temperature gradient in the 
channel could be adjusted by manipulating a separate 
thermostat connected to an immersed thermal probe.

The temperatures in each area of the gradient channel 
were initially monitored by several thermometers immersed 
at intervals along the inner side of the gradient channel. 
It was found simpler to manually take temperature readings 
at the beginning and end of the trials.
ent had stabilized the temperatures 
constant throughout the day. If any

After the gradi- 
usually remained 
major fluctuation

23



a

60cm

Fig. 1. Temperature gradient tank used in temperature 
selection studies of Lebistes reticulatus. 
aaerator
^aquarium heater 
sscreen
^-styrofoam insulator
ccooling chamber containing glycol coil 
^baffles

*Upper case letters correspond to assigned 
areas of the gradient tank. Each area was 
further subdivided into 2 numbered areas.
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occurred during a trial it was discarded.

The temperature gradient could be adjusted to estab
lish a steep or moderate gradient. The temperatures 
of the end chambers were maintained at thermally intoler
able levels. This prevented any thigmotatic response 
from overriding temperature selection behavior. To
create a workable gradient the heating chamber was gener
ally maintained at a temperature between 35-45 C while
the cooling chamber was kept around 5-15 C.

The gradient could be adjusted enabling us to move
the apparent preferred temperature to various chambers
along the gradient channel. As a result we could test 
whether behavioral response was influenced by temperature 
selection or gradient design.

The gradient channel was divided into twelve continu
ous compartments by placing thirteen pairs of vertical
baffles along the sides. Each baffle protruded 1cm
into the channel. The baffles facilitated the establish
ment of an even temperature gradient. The baffles also
helped to quickly locate and record the fishes' position.
Each of the 12 compartments was divided into two areas 
resulting in 24 possible locations. Since occasionally 
a fish's body would span two areas simultaneously, the 
position of its head was recorded as the fish's position 
in the gradient.

Twelve aerators were secured at the midline of
the inner wall of each compartment. The aerators served
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three purposes; to keep the water circulating in order 
to establish an even gradient, to reduce thermal stratifi
cation, and to provide a saturated level of dissolved
oxygen in both the warm and cold waters.

Since the aerators created some minor turbulence
which the fish had to negotiate, it was important to 
maintain an equal level of disturbance throughout the 
gradient. It initially appeared that the fish might 
be preferring the two corners because there was slightly 
less turbulence in those two compartments. Therefore
two additional aerators were installed to minimize this
behavior.

The whole temperature gradient apparatus was elevated 
5 meters above the floor to facilitate viewing. The 
fish were observed in the gradient channel through the 
clear plexiglass bottom of the gradient.

Occasionally, movement of the observer would notice
ably disturb the fish in the gradient. If a disturbance 
was noted, the trial was discarded. Cardboard panels 
were taped to the sides of the gradient to prevent any 
lateral disturbance due to movement about the laboratory.

Selection of Species

The species to be studied was selected by observing 
various fish in the gradient apparatus including sword
tails, goldfish, black mollies and guppies. The guppy 
showed the best response in the temperature gradient
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and had a relatively short period of adjustment. The 
guppy was also a live-bearing, easily obtainable and 
inexpensive fish.

Maintenance and Breeding of Guppies

The guppies were obtained from a private breeder 
and various tropical fish stores. Adult and intermediate 
sized fish were kept in a standard 20 gal aquarium. 
The water temperature was maintained at 20.0+2.0 C. 
The aquarium was equipped with an aerator coupled with
a carbon filter. The guppies were fed daily with dry
Tetramin flakes after the trials were run.

Fish that were pregnant, newborn or ill were isolated 
in separate glass jars. Each jar was provided with 
an aerator and also maintained at room temperature. 
Pregnant females and young fry were separated because 
larger guppies will feed on the young.

Temperature Gradient Testing Procedure

The standard procedure was to first siphon out
the water from the gradient tank. Any debris or algal 
growth was removed in order to prevent feeding behavior 
from interfering with temperature selection. The gradient
was then refilled with charcoal-filtered water.

After time was allowed to establish a non-fluctuating 
gradient the temperatures in each of the 24 determined
locations were then measured and recorded.
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Adults sere transferred to the gradient by means 
of an aquarium net while fry were transferred with a 
siphon to minimize injury.

The fish were entered into a location of the gradient 
with a moderate temperature and allowed to adjust. This 
period of adjustment averaged 20-30 minutes. No trials
were run with a period of adjustment of less than 15
minutes. Adjustment was a subjective decision of the 
observer. In adults and intermediate fish adjustment 
was based on swimming speed, general movements and gill 
operculum rate. In fry, gill operculum rate could not 
be used as a measure. Therefore criteria for adjustment
for all fish was established in which the fish must
have explored both temperature extremes at least once
before starting the trial. If a fish did not explore 
adequately or became disoriented in either the hot or
cold extremes the trial was cancelled.

Trials were started after the period of adjustment. 
The fishes' position was recorded every 15 seconds for
30 minutes. A total of 121 observations were made during
each trial. The timing was facilitated by an electronic
timer.

After each trial the standard length of each fish
was recorded. Standard length is defined as the distance 
from the snout to the caudal peduncle (26). The fish 
were then returned to the aquarium or jars and the data
was tabulated and graphed.
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Nutritional Deprivation Trials

Trials were run in which the effects of food depriva
tion on temperature selection were studied. The fish
studied were isolated in separate jars without food. 
Their preferred temperatures were then determined by 
the standard gradient procedure described above. It
was especially critical that the gradient channel was 
free of debris and algal growth.

Predation Trials

Trials were run to study the relationship between 
predation and temperature preferences in the adults
and fry.

Two cylindrical screen cages were constructed which
could be immersed in the gradient channel. An adult
was placed in one cage while a newborn fry was placed
in the other. The cages were located in the gradient
close to the preferred temperatures of the adults and 
fry. The two fish were visually separated from each 
other located in adjacent sides of the gradient tank.
Presumably they were unaware of each other's presence
in the gradient.

After a period of adjustment the cages were simul
taneously lifted and the positions of both fish were
recorded. The interactions of the two fish were observed.
In some trials the adults were starved for periods of
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time to see what effect this had on their predation
behavior. In addition, control predation tests without
a temperature gradient were run.



RESULTS

Thermal Gradient Tank

Three size ranges of guppy were tested in the thermal 
gradient: fry (<1.0cm), intermediate (1.0-2.Ocm), adult
(>2.0cm). The frequency distribution of the three size 
ranges of guppy in the thermal gradient was determined
for each gradient temperature. The mode temperature 
for fry, intermediate and adult-sized fish was 27.0 C, 
25.0 C and 22.0 C, respectively (Table 1). Adult response 
was strong at 22.0 C. Fry showed a greater temperature
preference range. In the intermediate range there was 
a gradual progression between temperatures which peaked 
at 25.0 C. Another similar peak occurs at 26.0 (Figs. 
2,3,4).

A frequency distribution was determined for inter
mediate-sized fish in which the temperature was uniform
throughout the tank. The results of control tests indi
cate that the fish were attracted to the end of the
gradient tank usually maintained at about 14.0 C. Percent 
frequency at the corners of the apparatus did not vary 
significantly with the values obtained for other inter
mediate areas of the gradient tank (Table 2).
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Food Deprivation of Fry

In order to determine whether the availability 
of food affects temperature selection in guppy fry, 
two fry were tested in the gradient tank after 2 and 
3 days of food deprivation. In one case, mode temperature
increased from an initial measurement of 22.0 C to 24.0 C
and 26.0 C. On the sixth day of deprivation, this fry
was inactive on the bottom of the holding tank, indicating 
that the fish had become ill. The second fry showed
a steady decrease in temperature preference from an
initial mode response of 27.0 C to 23.5 C and 18. 0 C
(Table 3, Fig. 5) .

Predation Tests

Actual predation was difficult to assess as fry
and pregnant females were observed within the same areas 
of the gradient tank without exhibition of aggressive 
behavior. It was also difficult to record aggressive
behavior which occurred within the 15-sec intervals
when the fishes' position was recorded. The gradient 
tank design presented variables which we could not elimi
nate while running two fish simultaneously.



Temperature
(°C)

Table 
1. 

The 
percentage 

frequency 
distribution 

in 
a 

thermal 
gradient 

of 
3 

size 
ranges 

of 
Lebistes 

reticulatus
; 

fry 
(<1.0cm), 

intermediate 
(1.0-2.Ocm), 

adult 02.0cm).

Fry Inter.
14.0 .2
15.5
16.0 .03
17.0 .03 .03
17.2
17.5 .05
17.8 .08
18.0 .05
18.2 . 06
18.5 . 03 .06
19.0 .08 .7
19.2 .08
19.5 .03 .6
19.8 .4
20.0 1.8 .4
20.2 . 1 .4
20.5 3.0 .3
20.8 .5 .8
21.0 4.1 .9
21.2 1.0 .6
21.5 2.6 2.3
21.8 .8 1.1
22.0 3.5 2.5
22.2 .9 .2
22.5 1.7 1.2
22.8 1.2 .4
23.0 4.6 3.5
23.2 1.5 1.4
23.5 1.7 4.2
23.8 1.3 1.2
24.0 5.3 4.6
24.2 .8 2.1
24.5 2.7 5.2



Adult
Temperature

(°C) Frv Inter. Adu 11
24.8 1.1 .08 4.0

.05 25.0 1.6 8.7 5.9

.05 25.2 .5 3.3 . 4

. 1 25.5 .4 2.5 1.7

. 05 25.8 2.5 3.2 3.7

. 1 26.0 3.3 8.2 2.0

.2 26.2 1.7 2.1 . 1
26.5 1.3 3.8 .4

. 05 26.8 1.6 2.1 2.6

. 1 27.0 9.0 3.9 . 2

. 1 27.2 1.0 .5 1.8

.7 27.5 2.8 2.9 . 3
27.8 2.8 1.3

2.2 28.0 5.4 3.6 1.7
. 3 28.2 1.2 .4 1.4

3.3 28.5 5.7 2.1 1.8
1.0 28.8 2.8 1.7 .3
.7 29.0 2.0 4.7 .05

7.3 29.2 4.0 1.2
5.1 29.5 1.4 2.2 1.0
6.1 29.8 .8 1.2 . 1
2.1 30.0 1.7 .7 .05

17.3 30.2 . 1 1.0 . 3
. 5 30.5 1.4 1.5 . 2

7.9 30.8 . 1
2.6 31.0 .6 1.0 . 5
1.6 31.2 .6 . 08 .05

. 9 31.5 .4 .1 . 1
2.3 31.8 1.4
1.6 32.0 . 2 .6 .05
2.5 32.2 .2 . 1
1.2 32.5 . 5 .2
.8

Total No. 
Observations 3751 3630 2057
No. of Fish 11 10 7
Mode (°C) 27.0 25.0 22.0
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Area Percent Obs
B-l 11.8
B-2 6.4
C-l 2.2
C-2 1.3
D-l 1.4
D-2 1.3
E-l 5.4
E-2 4.8
F-l 2.1*
F-2 2.4*
G-l 3.9
G-2 4.0
H-l 2.7
H-2 1.9
1-1 3.5*
1-2 2.9*
J-l 1.9
J-2 2.4
K-l 5.5
K-2 9.5
L-l 6.4
L-2 5.2
M-l 8.1
M-2 3.2
Total No.
Observations 968

Table 2. The percentage frequency distribution for 
area in the thermal gradient tank of 8 inter
mediate-sized Lebistes reticulatus (1.0-2.0cm). 
The tank temperature was uniform at 19.41.4 C. 
This test was run in order to determine whether 
the apparatus influenced temperature selection. 
Compare with Fig. 3.
♦corner of apparatus
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Control 2 Days 3 Days
Temperature

(°C) £1 #2 #1 £2 £i £2
18.0 73.6
18.2 20.7
19.0 1.7
19.5 .8
20.0 .8
20.5 .8
21.0 1.7 1.7 14.0 .8
21.5 .8 1.7
22.0 24.8 2.5
22.5 4.8 3.3
22.8 1.7
23.0 5.0 4.1 16.5 9.1 7.4
23.5 23.1 26.4 2.5
24.0 .8 43.8 9.9 2.5
24.5 11.6 11.6
24.8 3.3 .8 2.5
25.0 9.9 1.7
25.2 2.5 3.3
25.5 5.0
25.8 8.3
26.0 6.6 7.4 9.9
26.2 11.6
26.5 37.2
27.0 4.1 47.1 3.3
27.5 9.1
27.8 1.7
28.0 19.8 20.7 5.8
28.5 .8
29.0 5.8 5.0 .8
29.5 1.7
30.0 .8
30.5 12.4 4.1
31.5 11.6
32.2 5.8

Total No.
Observations 121 121 121 121 121 121
Mode(°C) 22.0 27.0 24.0 23.5 26.5 18.0

Table 3. The percentage frequency distribution in a
thermal gradient of two Lebistes reticulatus
fry after 0, 2 and 3 days of food deprivation.

to t> c* 00 00 
00
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0
5
0
5
0

0 12 3
Days of food deprivation

Fig. 5. Mode temperature selection after 0, 2 and 3
days of food deprivation in two Lebistes reticula
tus fry. The guppy fry (0.7cm) were placed 
in a horizontal temperature gradient tank and 
tested for percent response to temperature. 
The mode temperature was determined for each 
day of food deprivation.
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DISCUSSION

The mode temperature from the frequency distribution 
for each size range of guppy was 27.0 C, 25.0 C and 
22.0 C for fry, intermediate, and adult-sized fish,
respectively. This indicates that there may be differen
ces in temperature preference associated with age. It 
has been demonstrated in yellow bullheads (Ictalurus 
nebulosus) that the juveniles prefer a mean temperature 
1.2 C higher than the adults (54). This trend is also 
seen more dramatically in rainbow trout (Salmo gairdneri) 
(40).

Fry exhibited a wider range of temperature prefer
ence. They seem to show a less specific temperature 
selection than in intermediate and adult-sized guppies. 
Results suggest a preferred temperature range from 21.0 
to 29.0 C, however the fry show a definite peak at 27.0 
C within this preferred range (Fig. 2). This may be 
due to a greater tendency to explore the gradient tank.

The frequency distribution in the intermediate
range more closely approximates a normal curve than
observed in guppy fry. Preferred temperature occurs 
between 25.0 C and 26.0 C. This is a decrease of approxi
mately 2.0 C from the mode temperature observed in fry.
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Intermediate-sized guppies appear more committed to 
a specific temperature preference.

Since we were not able to study the complete life 
cycle of any individual fish, the phases of development 
between fry, intermediate and adult stages were not
examined. We did observe a temperature decrease between 
fry and intermediate-sized fish. Norris (1963) has
shown that as transformation occurs in Girella there
is a sharp increase in preferred temperature which then
lowers as the morphological stages of transformation 
are completed.

A decrease in mode temperature of 3.0 C was found
in the progression from intermediate to adult-sized 
guppies. The adult guppies showed a marked temperature 
preference at 22.0 C. However, Ruff and Zippel (1966), 
Ruff and Zippel (1966), and Ogilvie and Fryer (1971) 
found the temperature preference of adult guppies to 
be 28.2, 27.6, and 29.0 C respectively (58,59,56). Other 
literature suggests that the optimum temperature is 
at 22.2 C (1) while the ideal breeding range is between 
23.8-29.4 C (68). These discrepancies among the litera
ture and our findings could be due to the acclimation 
temperature and/or genetic variability.

The high percent of response that we observed in 
adults may be due to acclimation but fry and intermediate
sized fish, maintained at the same temperature outside 
the gradient as the adults, exhibited very low response
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at this temperature. The ability to acclimate may be 
influenced by age.

All the fish we studied were maintained at 20.0±2
C. This is a very uniform thermal environment. In 
their natural habitat fish normally encounter fluctuating 
thermal surroundings. Prolonged acclimation to a constant 
temperature may reduce a fishes' accuracy of temperature 
selection (16, 44). However, Ogilvie and Fryer (1971) 
also maintained their guppies at 20.0 C and obtained
a preference of 29.0 C. This may indicate that genetic 
variability among the guppies can affect physiology 
and thus temperature preference. Presumably significant
genetic differences exist among guppy strains in the 
wild and in those interbred by guppy enthusiasts.

The adult frequency distribution was skewed towards 
the cooler temperatures. In all guppies studied, very 
low response was observed below 20.0 C. This suggests 
a clearcut lower limit of preference in the guppy. The 
upper limit was less defined but appeared to be at 31.0
C.

Control trials run without a temperature gradient 
show that the fish probably were not behaviorally respond
ing to other factors inherent in the gradient design 
and operation. A high frequency of response was observed 
at one end of the gradient tank usually maintained at 
14.0 C. This response in the control is presumably
attributed to a thigmotactic or tactile response. The
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establishment of the temperature gradient eliminated 
this behavior as temperatures in this location were 
generally thermally stressful.

After analysis of our results for temperature prefer
ence in fry, intermediate and adult-sized guppies, we 
have concluded that the younger guppies prefer warmer 
temperatures. Preference for warmer temperatures may 
have survival value in nature. Crawshaw (1981) states, 
"Warmer temperatures are typically selected by younger 
fish. Younger fish are likely to benefit from the selec
tion of warm water in two major ways: warm, shallow 
water is typically safer from predation of larger fish, 
and it also permits more rapid growth given adequate 
food supplies" (21).

Nutritional status plays a definite role in tempera
ture selection but has varying effects. For example, 
brook trout (Salvelinus fontinalis) and rainbow trout 
(Salmo gairdneri) both select cooler water during starva
tion presumably to decrease their rate of metabolism
and therefore to conserve energy. However, the Atlantic 
salmon (Salmo salar) selects warmer water during a similar 
period of starvation (36). This could be a response
to the greater availability of food in warmer water
for this fish, if in fact that is the case.

We observed contradictory results when testing
the effect of food deprivation in fry. The increase
in mode temperature in one of the fry can probably be
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attributed to a bacterial infection. It has been shown
that the health of an individual can dramatically affect 
temperature selection. A higher body temperature probably 
enhances the defense mechanisms of the immune response 
(53). The second fry showed a progressive decrease 
in mode temperature during food deprivation. Presumably
this selection was to lower metabolic rate in order
to conserve stored energy.

In relation to growth rates, the preferred tempera
ture chosen by guppy fry may represent the temperature 
for optimum growth rate. It has been shown in sockeye 
salmon (Oncorhychus nerka) that the preferred temperature 
corresponds to the optimum growth rate when unlimited 
food is available (8). In Girella juveniles peak appe
tites were found to roughly relate to preferred tempera
tures (44) .

In relation to predation no studies have shown 
conclusively that thermal preference is affected by
predation. The studies that have been done on predation 
demonstrate an enhanced vulnerability of thermally 
stressed fish to predation (12,66). It was proposed 
that this may be due to a marked decrease in activity 
as seen in the bluegill (Lepomis macrochirus) immediately 
after exposure to thermally stressful environments (5). 
Norris (1963) has shown that Girella often selects warmer 
temperatures which are typically in shallow waters, 
which may help them to avoid predation.
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Guppy fry are subject to predation by their own 
species (6$). We attempted to study the relationship 
between temperature selection and predation. Although 
we hypothesized that a higher temperature preference
in guppy fry enhances survival against predation, we
cannot conclude that avoidance of predation was enhanced 
by the higher temperature preference in the young. Actual 
predation was difficult to assess. The phenomenon of 
predation may be better suited to study in the natural 
environment. In addition, the use of video equipment 
or photocells may make the study of predation of live- 
bearing fish in the laboratory more feasible.

In conclusion, our study of the guppy (Lebistes 
reticulatus) shows a preference for warmer temperatures 
in juvenile fish. It appears that there is a gradual 
shift in preferred temperature from warmer to cooler 
temperatures as the guppy matures to the adult stage. 
The mode temperature for fry (<1.0cm), intermediate 
(1.0-2.Ocm) and adult (>2.0cm)-sized fish is 27.0 C, 
25.0 C and 22.0 C, respectively. The higher temperature 
preference in the younger fish may be related to optimum 
growth rate and/or avoidance of predation which in turn 
may enhance the survival of the offspring.
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