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THE EFFECTS OF TEMPERATURE AND LIGHT OF LOCOMOTOR ACTIVITY
OF THE AMERICAN COCKROACH PERIPLANETA AMERICANA L.

INTRODUCTIOR

Constant environmental conditions of temperature and
1light are found only rarely in Horth Temperate terrestrial
environments, Examples of such environments are afforded by
the lower levels of the sell, the interior of trees and
fallen logs, the deep porticns of caves, and the accumula-
tions of stored products, Hence, for that vast number of
poikilothermiec organisas who are subjected to diurmal veria-
tions in temperature and light, we can regard fluctuations
in these parameters a8 "normal” and the sbsemce of fluctua-
tions as "sbnormal."” Yet, many experimental investigations
on the effects of temperature and light on animal activities
have falled to acknowledge the normality of fluctuating
conditions and have been conducted under constant condltions
with respect to these parameters (see: Bullock, 1955;
Hicholsen, 1934; Prosser, 1955; Uvarov, 1931; Wigglesworth,
1950).

vhere the effects of constant versus alternating
temperatures have beoen investigated, the evidence seems to
indicate that constant conditions may tend to depress while
fluctuasting conditions sccelerate various animal activities,
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Uvarov (19%1) and Cloudsley-Thompeoon (1953a) reported that
development in insects, The hateching rate from cysts of the
potato-roct eelworm fgteroders rostochesis has been found to
be higher under slternating temperature than under constant
temperature (Bishop, 1956). Alternating temperstures have
wors larve Ghlorissgvotis suxilisris (Cook, 1927), the flour
moth iphestis kuehniells, the fruit fly Drosophile melano-
gaster (Oromadska, 1949), and the malarisl mosquito
4Anopheles gusdrimeculalus (Huffeker, 1942), A decrease in
locomotor sctivity when kept &t prolonged censtant tempers-
ture has been shown in the millipedes Gphistrevtus sp. and
Oxydesmus platygersus (Cloudsley-Thompsen, 1951) and the
cockrosch Periplanets smeriesns (Cloudsley-Thempson, 1953b).
An inerease in activity with altermating temperature hes
been observed in the slug Agriolimex reticulatus (Deinton,
1954) and the guppy Lebistes reticulatus (Worris, 1959).

Recent emphasis has been placed on studying the
relationship between light conditions and diummal rhythme
{Brown, 1957; Bruce and Pittendrigh, 1957; Calhoun, 1944;
Cloudsley~Thompson, 1952; Harker, 1958; Park, 19540; Welsh,
1938), VWhere light conditions affeet diurnal rhythms,
constent conditions tend to eliminate the rhythm while



elternating conditions often engender a rhythm. Harker
{(1956) and Cloudsley-Thompson (1953b) have shown that the
American cockroach Periplaneta americena exhibits a diurnal
rhythm of activity correlated with perleds of light and
dark, the peak of activity occurring in the dark period.
After a period of less than a week in conditions of constant
light or dark, activity occurs at random intervale or tends
to be constant, Thus, the "normal diurnal rhythm of activ=-
ity 1s broken under constant condltions of light or dark,
Gunn (1940) and Mellanby (19#0) observed this phenomenon in
another specles of cockroach, Hlatta orientalis.

Since temperature and light normally vary together in
environmental conditions, it is surprising that so few labo-
ratory studies have been concerned with the interaction of
the two. A few investigations have been conducted on the
effects of temperature and light on diapause in insects
(Lees, 1955), development of the diamond-backed moth (Atwal,
1955), qung behavior of oriental frult fly (Roan, Flitters
and Davis, 1954) and various insects (Uvarov, 19%1), migra-
tory behavior of locusts (Uvarov, 1931), and tropismes in
insects (Fraenkel and Gunn, 1940), Park and co-workers
(1931) found an apparent correlation between changes in tem-
perature, light, and relative humidity and the change 1in
sctivity of dlurnal and noeturnal animels. The greatest
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activity of Ptimus tectus ooocursd under conditions of both
altemating temperature and light. Theses conditions most
olosaly reseamtled the amvironmental conditions of the
habitat of the animel (Bentley, Gunn and Swer, 1941).

The purpose of the present study 1s (1) to determine
the effocts of constant and alternating conditions of tem-
perature and light on the actividy of the Amerlcan eockroach
Zerivlsneta amevicens and (2) to determine whether tempera-
ture and light are interacting factors that influence total
sotivity per day. This information would supplement previ-
ous investigationa on the effecta of temperature and light
on animal activity, and furthermore, add to our kmowledge of
the effecta of comstant versua alternating environmental
eonditions.

A definition of the term "motivity” is desirable to
avold confusion. The temm “sctivity” 1s often used by the
fi0ld ecologlat and experimental physiologist, The field
ecologiet, vhen deseribing an animal as belng active, means
that the animal can be found moving sbout, presumably in
soaych of food, water, and aate, as opposed to resting.
¥here this behavior has been investigated in the laboratory,
activity has usually been taken to mean locomotor activity
because it is possible to obtaln a measure of this phenome=
non, end it necessarily accompanies the acquisition of
food, water, and mate, Unleass otherwise stated in this



investigntion, the term “"sctivity” will meean lncomotor
notivity.

A distinction between fluctunting end sliternating
temperatures will be made in this paper, The ters "fluctua-
ting" temperature will be used to refer to temperanture
variations ae they occur in & neturel envirommental situs-
tion. In referring to the term "sltermeting” temperature,
this term will meen a periodle change from a controlled
high temperature to a controlled low temperature over e
apecified time period. This situation would be found
primerily under laborstory cenditiomna,



MATERIALS AND METHODS

Latoriale

The American cockroach Periplsnete smeriecana L. is a
nember of the order Orthopters and the family Elattidse.
Nembers of this family can be recognized by their oval and
depressed body shape, long slender antemnse, partial con-
cealment of the head by the promotum, a backward projection
of the mouth parts, and well developed running legs (Ross,
1956). The adult American cockroach is reddish brown in
color, has well developed wings, and is quite large, meas-
mx}u%muxuu. This species, a mative of
Central America and NMexico, is cosmopolitan im dlstribution
throughout the United States (Essig, 1938),

Periplanets smericana is nocturnel, commonly
frequenting derk humid locations, and found eonly in limited
numbers in the fleld. lNost members of this species inhabit
human dwellings end heated buildings, thus enshling them to
thrive throughout the year (Ross, 1956).

The American cockroasch develops by incomplete
metamorphosis and completes its life eycle in approximately
21 months., The nymph stages are similer to the adults in
general structure; however, they leck wings., Hymphs are
extremely active but growv relatively slowly., Both adults
and nymphs are omnivorous, esting a wide variety of plant
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and enimsl food (Belding, 1952). imimals were maintained in
this laboratory on a diet of dog biscults and water,

Nymphs of Periplenets smeriesna were selected es the
experimental animel for the following reasoms: (1) these
animals were abundant and essily maintained; (2) they are
subjected to envircmmental fluctuations of temperature;
{3) a 1ight engendered rhyths of setivity has been demon-
streted in these animals; (4) nymphs, though not sexually
mature, sre extremely active and relatively slow growing.

Cookroaches used in this study were part of a
populaticn inhabiting the basement of Norton Seience Hall on
the Emporia State Cempus. The temperature of the basement,
during the period of study, varied frem 22° to 35°.
Although the cockroaches were subjected to the normal dlur-
nal rhythm of photoperied, the rhythm was occasionally
interrupted when ineandescent lights in the basement were
left on during the evening hours.

Captured animals were maintained in the laboratory
under room conditions (minimume-maximum temperatures of 12°
to 32°C., and mormal photoperiod) for periods of mot less
than two days nor longer than seven days prior to experi-
mentation, The individusls used weighed from 0,5 to 1.3
grams and renged from middle to late stages of nymphal
development, Iliymphs were maintained at constant



8
experimental temperetures of 10° 2 1.0%C, or 20° 2 1.0%, in
two Labline refrigerated incubators, A Sargemt incubator
wves used to maintein snimals at a temperature of 30°.,
Alternating temperatures were simulated by moving experi-
mental animals from one temperature to another every 12
hours, Animals were placed in one of three conditions of
light: constent light, constant dark, or alternating light
and dark., Fourteen watt fluorescent lamps were used as a
light source. Alternating photoperiod of 11 hours light and
13 houre dark were controlled by means of an electric timer
switch, Conditione of constant dark were produced by plac~
ing the animals in a black plastie box, All experimental
animels were maintained in appreoximately 100 per cent rele~
tive humidity as determined by an electrie hygrometer,
Animales were given am initisl supply of foed, and fresh
water was added every third day.

The technique used to record activity of ceckroaches
wvas designed specifically to measure tetal sctivity over a
24 hour period, This differs from previous technigues
vhich were designed to detect rhytims of activity through-
out a continuous peried (Cloudsley-Thompson, 1955), The
method of determining activity involved the measurement of
the amount of tracking by & cockroach on & smoked surface.
Two types of apparstus were constructed for this



determinstion: (1) & recording chamber in which
experinental animals were allowed to move about; (2) a
neasuring device to determine the amount of movement hy the
animal,

The recording chamber, designed to house ten
individuals, is shown in Plate I, The chamber is construc-
ted of wood and plexiglass, into which grooves are cut for
inserting a series of glass plates. The glass plates meas-
ure 6 inches by 6 inches and are smoked on ome side by the
means of & kerosene burner. A maze, constructed of card-
board and plastic, 1s placed on the smoked glass plate,
This maze promotes a uniform patterm of animel movement
over the plate, The froant of the recording chamber is &
removable gliding door., Small compartaents are attached to
this aliding door and an entrance to these compartments is
made by boring holes in the door. Animals are placed in
these compartments prior to each experimental r™un and con=-
tained there by a sliding aluminum strip. The door is
attached to the recording chamber, Upon removal of the
sliding aluminum strip, animals are able to move onte the
smoked glass plate, )

Flate II is an illustration of the measuring device,
A 1light source, provided by e Viewlex slide projector, 1is
directed on a tracked smoked glass plate, All light rays












1ﬂr

11



i2
not strikiang the plate are abhsorbed by a2 dark protective
screen constructed from & sheet of plywood. The light rays
passing through the plate are collected by a2 40 em, spheri-
eal gless mirror. The spherical mirror focuses the light
rays on the photosensitive surface of a Veston light meter,
A sereen, constructed of fine meshed screen wire, was placed
between the spherical mirror and the light meter. This
permitted light meter readings of 0-300 ft. candlea, The
asount of light passing through a plate is proportional to
the ameunt of tracking om the plate.

Hethods

Previcus studies (Richards, 1958; Dehmel and Segal,
1956) have shown that Periplanets americans can de main-
tained in the laboratory at temperatures from 10® to 30°C.
Richards (1958) has reported that they were active within
this temperature range., Therefore, 10°, 20°, and 30°C, were
selected as the experimental temperatures, It should be
noted, however, that individuals used in this experiment did
not feed at 10°C. and activity was oftem depressed to the
point of spasmodic movement of the legs. .

Three hundred and fifty animals were randomly divided
into 17 groups of 15 to 25 animals each, Cockroaches aain-
talned at 10°C, were subdivided inte three equal groups:
(1) conatant light; (2) constant dark; (3) and alternating
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1ight and dark, Animsls maintained et 20° end 30°C. were
subdivided in & similar manner. Eilght groups of animsle
were placed at altermating temperatures of 10° to 20°C, and

te 30°C. Sivee ¥ellanby (1939) has shown that insects
may scclimate to temperature conditions in less than 20
hours, it was necessary to determine the effect of the last
12 hours at a given temperature prior to recording. Cock-
roaches subjected to altemating temperatures of 10° to
30%°C. were subdivided into four groups with respect to light
and temperature during the 12 hours prior to reconding;
these groups are: (1) constent light and cold temperature,
(2) constent light and warm temperature, (3) constant dark
and cold temperature, and (4) constant dark and warm temperw
ature, Animales subjected to sltemmating temperature of 20°
to 30°C. were similarly divided into 4 temperature-light
groups. mm,mmmmm
mmmnummmm
experimental conditions for & pericd of one week.
In recording activity three chambers, each sontaining
ten animals, were placed in an incubator, A minimum of 30
minutes was allowed for the animels to becosio gquiescent, At
muormommmmumm
the smoked glass plates, A1l recordings of activity were
made at 30°C. in constant light, The sctivity of control
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groups was recorded in constant dark at 30°C, and in
constant light at 20°C. to determine the effect of temperas~
ture and light during recording. A relative humidity of
40 % 10 per cent was maintained in the reading chambers
using the proper mumotu(lo,), {Wexler and
Brombacher, 1951). To aveld possible diurnal rhythm
effects, all measurements were made over a 24 hour period
beginning at 7:00 te 10:00 a.m., Nelther food nor water was
provided during the period of recording,

The activity of each group was computed as a
percentage of the most active group. The moat aective group
was arbitrarily assigned a value of 100 per cent. Individ-
ual data were discarded Af very low or very high values were
obtained which were shown to be due to injury or death of
the animal,

Activity dats collected from animals maintained at
10°, 20°, and 350°C. were compared to determine the effects
of temperature on setivity at a given condition of light,
The effects of constant light, constant dark, and alternat-
ing light and dark on ectivity at a given temperature were
determined by comparing data collected from experimental
groups maintained at each of these conditions. To deter-
mine the effeet of temperature during the 12 hours prior to
recording, the activity of groups maintained at a high
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temperature was compared with the activity of groups

maintained at a low temperature,
Zreatuent of date

‘ The statisticsl methods employed were as outlined in
:M(M). Au-moruuuwm“

experimental group was caleulated. The § test was used %o
mmmnmamumwmm.
mgmmmmum;mm
m(nuumtﬂ)ummmw
velue, Probabllity values of P < .05 were considered
statistically eignificent, '

The sctivity data were plotted grephically by the
use of the bar graph. The percentage of activity plotted
for each group was the mean activity of the group.



Effect of temperature on setivity

Temperature is a primary factor in determining total
activity of F. gmerigcans. Vhen the total activity of ani-
mals maintained under conditions of alternmating light and
derk was measured at 30°C, 1t was found that as temperature
increases activity incoreases. Total sctivity of three
of 10°, 20°, and 30°C, were measured at 30°C. and a compar-
ison of percentages of activity for these groups is shown in
Figure 1C, Over the size range measured, the 30°C. animals
showed approximately 25 per cent greater setivity than the
20°C, animals and B6 per cent greater than the 10°C. group.
The animals meintained at 20°C. showed 63 per cent greater
activity than the 10°C. individuals, A comparison of the
variations from the mean with the t-distribution table
showed the differences in total asetivity of animals main-
tained at 10°, 20%, and 30°C. to be significent at the 0.5
per cent level (Table I).

Under conditions of constant light and constant dark
animals were found to be most active at 20°C., Figures 1A
and 18 1llustrate a comparison of percentages of activity
for groups maintained at 10°, 20%, and 30°C. in constant
light and constant dark for each temperature, inimals
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meintained st 20°C, showed approximately 66 per cent greester
sctivity than the 10°C. group, regardless of light condi-
tions. Only the 30°C, snimals showed a differential
response to being meintained under conditions of constant
light end constant dark. Vhen kept in constant dark the
30°C. animals showed 26 per cent less activity than the
20°C. group and 40 per cent greater activity than the 10°C,
group. The activity of cockroaches maintained st 30°C. in
constent 1ight was 46 per cent less than 20°C., snimals and
15 per cent greater tham the 10°C., individusls. Animals
maintdined et 30°C. constant dark were approximately 50 per
cent more active than those kept in comstant light, A1l
differences in total activity between the groups were
statistically significant st the 5 per cent level (Table I).

mmmnmnnmmmn

In determining the effect of elternating temperatures
on setivity, it appeared necessary to determine the effect
of the tempersture condition during the 12 hour pericd prior
to recording, Figure 2 1llustrates a comparison of the
effects of the last 12 hours at low versus high teamperature
in conditions of comstant light and constent dark for each
tempereturs, At slternating temperatures of 10° to 30°C,
animals kept in constant dark were 52 per cent more active



Flgure 2. Activity of
alternating temperatures of ( L) m‘
30°C. and in both situations, ﬁolutuh.ln

- ’u-n-num B constant dark
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when meintained in the cold (10°C.) for the last 12 hours
than those msintained in the warm (30°C.). In constant
1ight, enimals at 10°C. for the last 12 hours showed 13 per
cent greater sctivity than animals at 30°C, for the last 12
hours, Differences between the twe groups maintained at
alternating temperatures of 10° to 30°C. in constant dark
were statistliecally significant at the 0.1 per cent level,
vhile differences between those groups kept at the same
significant (Table II).

Similar results were obtained when animals were
subjected to slternating temperatures of 20° to 30°C.
Animals kept in the dark-cold prior to measurement were 60
per gcent more active than those kept in the dark-warm,
vhile those kept in light-cold showed 20 per cent grester
activity than those kept in light-warm, Iifferences between
the two groups maintained in comstant dark were statisti-
ecally significent at the 0.5 per cent level, while
differences between those groups kept in constant light
were not statistically significant (Table II).

Effegt of 1liszht on setlvity
Figure 3C illustretes the effect of light on total

activity of a laboratory population of Perivlencts gmericans
kept at a temperature (30°C.) approximating that of the



Table II., £ values and probablility values for differences
total sotivity of groups of l?t

at alternating temperatures of 10%- 20%-
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natural habditat, Alternating light and derk {(11-13 hr,)
resulted in imeressed activity wvhem compared with elther
constant light or constant dark, IT values are compared
it 13 seen that total activity has incressed in the slter-
nating light and dark group by 49 per cent over that of the
constant dark group, snd 73 per cent over that of the con-
stent light group., These differemeces in sctivity arve
statistieslly signifieant at the 0.5 per cemt level
(Table I).

Other experiments with the ssame 1light conditions but
different temperstures (10° and 20°C.), demonstrate the sig-
nificence of temperature in determiming the effect of light
conditions on total esectivity. Light conditions have no dis-
tinguishable affect on activity when animals are maintained
at 10° and 20°C, (Pigures 3A and 38). With respect to the
most active group, thess animals showed approximately 11 per
cent setivity at 10°C, and 70 per cent sctivity at 20°C,
A11 @ifferences in activity within both the 10° and 20°C,
groups were not statistically significant (Teble I),

Activity of coeckroaches maintained under various

conditions of temperature and light ias shown in Figure 3.
The greatest activity ocoured when animals were maintalned
at 30°C, in alternating light and dark., This group showed
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25 per cent greeter activity than 20° animale kept in
constant light, constant dark, or alternating light and
dark, 50 per cent greater asctivity than 30°C. enimals kept
in eonstant dark, and 75 per cent greater activity than
30°C. animals kept in constant light, The 10°C. animals,
regardless of light conditicns, were the least sctive group,
being approximately 89 per cent less active than the most
actlve group.

Effects of other varisbles on sotivity
Size, within the weight renge of 0.5 to 1.7 grams,

appesred to have no affect on total setivity. Total activ-
ity was measured for groups of 10 animals each maintained at
10%, 20°, and 30%C. and in constant 1ight, constant dark,
and alternating light end dark Tor each temperature, Under
these conditions, welght had no spparent effect on total
activity.

Temperature conditions during recerding appears to
influence the degree of total activity im the 20° and 30°C,
enimeles, but not that of 10°C. amimals., The sctivity of
nmm.fmm“mm_atm'c.hm-
stant light. The values obtained were compared with values
cbtained from animals measured at 30°C. in comstant light.
Aetivity of the 20° and 30°C. groups was docreased at the
lower tempereature, but differences between groups and within
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groups were similear to those when measured at the higher
temperature.

Light conditions during recording appear to have no
affect on total activity. Control groups of animals were
recorded at 30°C. in constant derk., These animels showed no
significant difference in activity from those groupe
recorded at the same temperature in constant light,



DISCUSSION

Effect of temperature on sctivity

Body temperatures are determined mostly by
envirommental temperatures for polkllothermal animals, and
there 18 evidence that their rates of locomotion and other
activities are governed largely by the direct influence of
temperature, Under the conditions of this study it was
found that temperature was a primary factor in determining
daily setivity in P. smericana. In normal condltions of
alternating light and dark, an inerease in temperature
resulted in an increase in activity (Flgure 1C). However,
in abnormal conditions of constant light or dark, activity
et the higher temperature was depressed (Figures 1A snd 1B),

Richards (1958) has investigated the effect of
temperature on other bodily activities (02 consumption,
heart beat, running epeed, and wing frequency) in this same
specles, He found that in all cases as temperature
increases the rate of these sctivitles increases, Similar
responses to temperature by insects have been shown in many
wldely divergent groups and are well docunoptod in reviews on
this subject by Gunn (1942), Nicholson (1934), and Uvarov
(1931).

Temperature eppears to have only a weak effect on

orientation responses of P. emericana (Gunn, 1935; Gunn and
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Cosway, 193¢) and fluctuations in temperature do not appear
to heve any influence on the diurnal rhytha of activity of
this species (Cloudsley-Thompson, 1953b). Therefore, the
influence of tempersture on total activiiy mey be of consid-
ereble ecological significance in determining habitad
selection and geographiecal dletribution., Vhether this is
the case, however, could be established only by a detalled
field investigation.

%mmnl—:nsmmmn

In Getermining the offoct of alternating temperatures
on total daily setivity, 1t would appear necessary to deter-
mine the effect of temperature conditions during the 12 hours
prior to recording., It was found that prior temperature
conditions were important im determining the effect of
alternating temperatures in P, smericana. Animals main-
tained in the cold (10° or 20°C.) during the 12 hours prior
to recording were more amotive than those groups kept in the
wara (30°C,) when measured at 30°C. (Figures 2i and 28).
This phenomenon has also been observed in this laboratory by
¥hite (unpublished thesis) wvhile investigating the rate of
thermal ecclimation in the garden slug Limex flawvus,
Howvever, no mention of this response has bdeen made in the
litereture reviewed.
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There are severel possibilities which might explain

the cause of this phenomenon, First, it seems possidle that
the response to different temperature conditicms prier to
recording ie due to short term aceclimation as expressed by a
change in setivity of these animels, In the relatively fow
investigations concerning time course of scelimation for
terrestrial poikilotherms, acclimation appears to be com-
plete in one day or less., HNellandy (1979, 1954), investiga-
ting the effects of acclimation with respect to chill-coma
temperature end thermal death peint in insects, roported
that acclimation occurred within 20 hours. OColhoun (1954)
observed that the Cerman cockroach Elatelle gerpanics
showed scclimation to chill-coma temperature in one day.
scelimation with respect to inoreased activity im §.
gzericana 1s not clearly understood. Animals kept at con-
stant 10°C. 4id not show inoreased setivity whem measured
at 30°C,, wheress those kept at alternating 10° to 30%C.
showed increased activity when taken from 10°C. and moasured
at 30°C. However, animals kept at constant 10°C. were
notably depressed and dld not feed., It seems possible that
the failure of these animals to shov scclimation may have
been due to the effects of starvation on eetivity,

A second possibility may be that activity was
incressed in response to rising temperatures. Animale kept
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at 30°C. for the last 12 hours and measured at 30°C. would
not be subjectad to temperature changes, whereas, animals
kept at 10° or 20°C. and measured st 30°C. would be sube
Jected to rising temperatures, Thus, the incresse in
activity of animsls kept for the last 12 hours at a low
temperature may be due to the temperature change per se.
Dainton (1954), using the slug Asrlolimax retisulstus,
found that incressing temperstures above 21°C, and decreas-
ing temperatures below this peint caused an inerease in
locomotor sctivity, She attributed this inerease in
ectivity to changing temperature,

Due to the epparent importance of temperature
conditions prior to recording, it was impossible to deter-
mine the offect of constant versus alternating temperature
on sctivity.

Effect of lisht on sctivity

Numerous investigators (Cloudsley-Thompson, 19523
derker, 1958; Calhoun, 1944; Park, 1940; Welah, 193%) have
demonstreted that light conditions influence periods of
animal activity. These investigations emphasize the impor-
tance of light conditions im initiating setivity. Using o
different approach to the problem of light effects on
activity, I have found that light conditions, in combimation
with temperature, may offect total sctivity per day. Light
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had no apparent effect on activity vhen animals were kept at

10° and 20°C. Mt has & significant effect vhen animals were
xept st 30°C. In alternating 1ight and dark 30°C. snimals

weore spproximately twice as active as those kept in constant
dark, and thres tises as sotive as those Rept in constant

1ight (Figure 3C).

The results odtalned were in part contrery to those
reported by Ounn (1940) and Harker (1956). In investigeting
the offoots of light and temperature on activity in Llatta
gorientalis, Gunn states that "1t 1s surprising to find that
1ight had 1ittle, if any, effect on the total activity per
day.” Harker also reports this phenomenon in P. gmerjcsns.
Sowever, descrepancies between this investigation and those
by Gunn end Harker might be expected since: (1) Cumn wes
vorking with enother species kept at a temperature of
25.5%,.; (2) Harker, though working with the same species,
m-dmuMWWMM

Effect of tempepsture gnd Aisht on sctivity

Several investigations indleate that temperature and
light mey act together in regulation of animal behavier
(rark ot al., 1931; Roberts, 1942; Uvarov, 1931). Gener-
ally, these investigations have shown that the reaction to
1ight may be reversed or prevented vhen animals are sub-
Jecteéd to temperatures sbove or below certaln levels, The
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interaction of temperature and light appears to affect total
locomotor activity in P. gmericsns in this mamnmer, At tem-
peratures of 10° and 20°C. light conditions seem to have no
affect on daily setivity (Figures 3A and 38). Vhereas, at a
temperature of 30°C, light conditions play = eritical rele
in determining eotivity (Figure 3C). Simes both temperature
and light norsally vary together in an enviromment, it is
mmmmummmmmwu
influsneing a complex behavorial phenomenon such as sotivity.

The interaction of tempersture and light, as in the
case of mest interacting factors, depends on the relative as
well as the absolute values for ecach factor. Under the cone-
ditions of this experisent it was not possible %o sccurately
determine the relative interaction of temperature and light,
Nore specifically designed studies will be necessary te
fully understand this interection.

Further evidence of the interaction of temperature and
1ight may be seen by comparing the sotivity of experimental
aninals with that of animals collected from the natural habe
itat. It was found that 50°C. amimels kept in slternating
1light and dark most closely resembdled animals takem from the
natursel populstion., This 1s not surprising sinece these
experimental conditions of tempersture and light are simsilar
to the environmental conditions of the naturel populstion
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(mintmus-saximim temperatures of 22° to 35°C. and 2 meowmal

photoperiod).



1. A guentitative method of recording total
locomotor activity per day has been described,

2. Activity has been studied in the Ameriecan
cockroach, Feriplaneta gmericans, that have been maintained
at experimental temperatures of 10°, 20°, and 30°C., and in
constant light, constant dark, and alternating light and
dark at each temperature,

3. In normal conditions of altermating light and
dark, 30°C. animals were 23 per cent more active than 20°C,
animels, and 86 per cent more active than those kept at
10%c.

4, 30°C, animale kept in slternating light and dark
showed 49 per cent greater activity than groups kept in
constant dark, end 75 per cent greater activity than animals
kept in constant light, At low temperstures (10° and 20°C.)
there was no statistieal difference in activity between
groups kept in the 3 light conditions,

5. Vhen maintained at alternating temperatures of
10° to 30°C. end 20" to 30"C. and in constant light or dark,
animals kept in the cold (10® and 20°C,) for the last 12
hours were more active than those kept in the warm (30°C.),
These data suggest that the immediate thermel history of an
organism may be of primery importance in determining
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subsequent locomotor sotivity and possibly other activity
rete measures. Future studies certainly camnot neglect this
factor.

6. W¥ithin the weight range of 0.5 to 1.3 grams theve
was no statistical differences in sctivity within and
between experimental groups,

7. The importance of tempersture, as o factor which
may be of ecological algnificance 1n dotermining habitat
selection and geographicel distribution, is dlseussed.

8. The interaction of tempersture and light has been
shown to be importsnt in determining locomotor sctivity,
however, the data ere imsufficient to determine the
relative significance of esch in the interection.
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