THE EFFECTS OF CARBAMATES ON BOBWHITE

(COLINUS-VIRGINIANUS) ACTIVITY

by

RICHARD WAYNE FELTHOUSEN

B.S., University of Rhode Island, 1972

A MASTER'S THESIS
submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE
Division of Biology

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1975

Approved by:

50y 2k

szbf;??of@%sor




i
2l¥
T‘/"’
1975
Fad
a0

T PYGE)
L tivie A

TABLE OF CONTENTS

INTRODUCTION . . . + v ¢ v s v o o o o & &

LITERATURE REVIEW . . . . . . . . . . . .

MATERIALS AND METHODS

Subjects . . . . . . .

Apparatus and Equipment . .

Feed . « v v § o s w
Treated Feed . . . . .
Chemicals . . . . .

Experimental Design . .

Procedure .,

Preliminary Experiments .

RESULTS . « « &+ ¢ « o & &

Behavior Changes . . .

Preliminary Experiments .

Experiment 1

Experiment 2 . . . . .
Experiment 3 . . . . .
Experiment 4 . . . . .
Experiment 5A ., . . . .
Experiment 5B . . . . .

Experiment 6 . . . . .

. LI ] LI ) L]

Free-running Rhythms Under CBL . . . .

Treatment Effects .

(O (3 " . 3 * a

11

11

11
14
17
17
18
21

23

30

30
30
31
37
43
50
57
63
69
76

76



Free-running Rhythms Under CDL . . . . . . .

Treatment Effects
Activity Patterns Under
Activity Patterns Under

Activity Patterns Under

DISCUSSION

SUMMARY AND CONCLUSIONS

- *

ACKNOWLEDGEMENTS .

LITERATURE CITED

APPENDIX .

(3

. .

CBL .
CDL .

14L;

. ) L] LI | . . . LI |

. . . * . *

10D Photoperiods

iii

76
80
90
90

99

116

125



INTRODUCTION

For years biologists have observed regular 24-hour rhythms
in both captive and wild animals (Hediger, 1950; Calhoun, 1945).
Experiment§ placing -animals under constant environmental conditions
have demonstrated that these rhythms are not merely reactions to period-
ically changing environmental stimuli but are based on an endogenous
biological clock. Reviews of these experiments have been published
by Bruce and Pittendrigh, 1957; Harker, 1958; Cloudsley-Thompson, 1961
and Aschoff, 1963. These free-running rhythms (after Pittendrigh, 1958)
have been termed circadian (Halberg, 1959) because they approximate 24
hours in duration. It is now known that these physiological and behav-
ioral rhythms afe part of the phylogenetic make-up of an organism and
| have obvious ecological and biological significance to an organism.
(Pittendrigh, 1961; Aschoff, 1964).

Time measurement is of critical importance in the synchroniza-
tion of physiological and behavioral activities of a living organism
to its natural environment. There are times of a day, month or year
to which a given biological activity, such as breeding, egg-layihg, or
molting is either necessarily restricted or is most appropriately
undertaken. As Harker (1964) aptly states, "physiological regulation
as a whole can be viewed in terms of supplying the right amount of
material to the right place, but such regulation would be inefficient
if at the right time were not fulfilled." The presence of an endogenous

circadian rhythm with approximately the same frequency as envirommental



cycles prepares the animal for environmental changes beforehand. This
enables the animal to use the most favorable conditions for survival
while avoiding those that are harmful. Such temporal organization

is necessary to synchronize reproduction cycles and breeding behavior
between sexual partners, to provide maximum utilization of feeding times
and to limit activity to those times when predators are less active
(Aschoff, 1964). Time measurement is found in bees that can be trained
to return to feeding sites at specific times (Remner, 1959) and in the
celestial navigation of various organisms that can compensate for the
changing position of celestial direction givers (Kramer, 1952; and

Papi, 1955). The seasonal timing of many plants and animals is regulated
by time measurement of photoperiod (Pittendrigh, 1966). Hamner (1963)
showed that some sort of time measurement by a Eircadian clock must be
involved in the photoperiodic testicular response of house finches (Car-

podacus mexicanus). Menaker (1965) studied the effect of photoperiod

on both the activity rhythm and testicular response in house sparrows

(Passer domesticus). He found a significant correlation between the

effect of an experimental photoperiod on testis weight and the amount

of the phase shift which it induces in the onset of the activity rhythm.
Twenty-four hour rhythms of activity are usually characterized

by temporal patterns of activity that show a definite phase-relationship

to the day-night cycle. Leopold and Eymon (1961) found the morning

and evening song of 20 species of songbirds were closely correlated

to light intensity. Williams and Stokes (1963) found similar results

in the rally call of chukar partridge (Alectoris chukar). The most

common pattern is bimodal with most nocturnal animals possessing a

major premidnight and a secondary predawn pericd of actiﬁity while



most diurnal animals possess a major prenoon and a secondary predusk
period of activity (Aschoff, 1957 and Calhoun, 1945). Aschoff (1966a)
has shown that the bimodal activity patterns in three species of finches
are endogenously determined; i.e., they do not depend upon a concurrent
change in environmental conditions.

Not only the circadian rhythm but also its pattern are fitted
to the ecological requirements of an organism (Aschoff, 1966b). Kavanau
and Rischer (1968) found the patterns of time, duration and speed of
running in small nocturnal mammals in activity wheels are almost dupli-
éated from night to night. They concluded that the biological clock
controlling these patterns acts as a program sequencer of behavior.
Kavanay (1968) concluded that such patterns enable these animals to
""'keep close track” of their absolute position and displacement from
their nest. Spieth (1958) found different diurnal periods of maximum
activity served as an isolating mechanism between two species of droso-
phila, while Hirth (1963) found that because of different activity
periods, due to different thermal tolerances, two species of lizards
can occupy similar ecological niches.

Studies on chemical effects on circadian rhythms have been aimed
mostly at elucidating the biological mechanism of the clock. To date,
however, most studies have only shown how chemicals affect various
processes (é.g., spore discharge, running activity) controlled by the
clock. Reviews of these studies have been published by Hastings (1960)
and Pittendrigh et al. (1973). Wahlstrom (1965) studied the effects
of amphetamine sulphate, on the self-selected circadian rhythm of

activity and rest in the canary (Serinus canarius), administered at




different times during the activity cycle. He found amphetamine increased
the duration of activity in the P.M. series but had no effect during the
A.M. series. He concluded the responses to this drug were dependent

upon the time of administration. Wahlstrom (1964) found a single

dose of pentobarbitol had no effect on the self-selected activity

thythm in the canary while phenylisopropylhydrazine caused a distinct
shortening of the circadian period. He also found a single oral dose

of resperine decreased the amount of activity and increased the amount

of rest in such a manner that the length of the circadian period was
unaffected, Pélmer and Dowse (1969) added -deuterium to the drinking

water of African waxbills (Estrilda troglodytes) and found the periods

of the activity rhythms were increased as a direct function of the

dosage level. The effects of monoamine oxidase inhibitors and barbit-

urates on canary activity rhythms have also been studied (Wahlstrom, 1965}.
There is a paucity of research on how chemicals, especially

pesticides, affect free-running activity rhythms, temporal patterns

of activity and gross locomotor activity in a vertebrate as complex

as a bird. Therefore, the objective of this research was to study

how sub-lethal dosages of carbamate insecticides affect these parameters

of bobwhite (Colinus virginianus) behavior.




LITERATURE REVIEW

Pesticide studies during the past two decades have revealed
startling new data on the environmental fate and ecological damage of
these chemicals. Evidence indicates the greatest cause of ecological
damage results from persistent chemicals that accumulate in natural
systems (Macek, 1970). This accumulation of biomagnification has
resulted in serious toxicological and behavioral damage to birds, fish,
mammals and other organisms in the food chain (Stickel, 1968). Coupled
with these findings has been the increase in the number of pesticide
resistant insect species. It is currently estimated that over 224 pest
species, one hglf of which are harmful agricultural pesfs, have developed
resistance to various insecticides (Brown, 1972). Concern over the
environmental effects of persistent, non-biodegradable pesticides has
resulted in the development and increased use of less persistent sub-
stitutes. One such group of chemicals is the carbamate group.

Carbamates are highly regarded réplacements for organochlorines
because of their rapid biédegradability, their toxicity to organochlorine
resistant pests, their synergistic capabilities and in most cases their
low acute toxicity to non-target organisms (Metcalf, 1961; Fukuto et al.,
1962 and Carpenter et al., 1961). Carbamates can be used as insecti-
cides, herbicides, nematocides, fungicides and acaricides. They have
also been used as temporary immobilizing agents (Schafer et al., 1967)
and repellents (West et al., 1969). Certain carbamates are readily

synergized by such compounds as piperonyl butoxide (Brattsten and



Metcalf, 1970) sesamex (Eldefrawi and Hoskins, 1961) atrazine (Liéhten-
stein et al., 1973) and the PCB aroclor 1253 (Plapp, 1972). Many more
uses of this chemical group can be found in the literature.

Carbaryl and carbofuran are both broad spectrum carbamate
insecticides. Carbaryl exhibits low mammalian and avian foxicity
(Tucker anq Crabtree, 1970 and Heath et al., 1970) but is extremely
toxic to honeybees (ﬂEiE.EER') (Shaw, 1959 and Morse, 1961), fish (Cope,
1961) and molluscs (Stewart et al., 1967).

Carbofuran is highly toxic to mammals (Neumeyer et al., 1969),
birds (Tucker and Crabtree, 1970) and earthworms (Kring, 1969). Sangha
(1972) studied the environmental effects of carbamates in a '"model
ecosystem"” and found carbofuran was highly toxic to several species of
snails (Physa spp.) and water fleas_(DaEhnia Spp.) .

An organism's susceptability to a chemical depends on a number
of factors such as age, sex, environmental conditions and method of
application (Durham, 1969). Hudson et al. (1972) reported l-week old

carbofuran treated mallards (Anas platyrhynchos) were less susceptable

than l-month and 6-month old ducks and 1-day old ducklings were the
most susceptable, An application of 1 lb/acre of carbaryl for gypsy

moth (Porthetria dispar) control resulted in the death of five tree

swallow nestlings (Iridoprocne bicolor) within 16 days after spraying
(Bednarek and Davidson, 1967). This was the only nest that hatched
young during the week of spraying. Sherman and Ross (1969) found no

difference in susceptability of Japanese quail (Coturnix japonica)

due to sex for a single oral dose of carbofuran, however, in chronic

studies of 400 to 800 ppm in diet male quail were more susceptable.



Severe pesticidal kills can disrupt community compositions,
alter species distribution and interfere with predator-prey relation-
ships (Ferguson, 1970). Moulding (1973) not only found a 55 percent
feduction in numbers but also a reduction in species diversity of
forest bird populations in an area sprayed with carbaryl. In an area
sprayed at a rate of 1 lb/acre, Kurtz and Studholme (1974) found lower
residues of carbaryi in ground feeding birds than in canopy feeders.

Barrett (1968) found a sub-dominent house mouse (Mus musculus) popu-

lation replaced the dominent cotton rat (Sigmodon hispidus) population

on a semi-enclosed grassland ecosystem treated at a rate of 2 lbs. of
carbaryl/acre.

Lethality to living organisms is only one aspect of the dangers
of pesticides. Heath et al. (1970) states . . . "there is little
apparent correspondence between a chemical's lethal toxicity and its
capacity to induce sub-lethal complications.'" Sub-lethal exposure to
carbaryl has resulted in the massive invasion on the central nervous

system in mosquitofish (Gambusia affinis) by a microsporidian parasite

(Fefguson, 1972)., Sub-1lethal dosages of carbamates affect the repro-
ductive performance of organisms in various ways. Shtenberg and Ozhovan
(1971) found sub-lethal dosages of carbaryl affected the function of

testes and ovaries in rats (Rattus rattus), with a resultant decrease

in fertility, a high loss of progeny during the first month of life
and a lag in physical development. Collins et al. (1971) also found
that carbaryl significantly decreased fertility in female rats and

gerbils (Gerbillus gerbillus) while Shilova et al. (1968) reported

reproduction in redbacked voles (Clethionomys gloreolus and Clethionomys

refocanus) was down 42 percent on a carbaryl treated area. Carbaryl



has been reported to increase the mean duration times of the estrous
cycle and its phases in both réts and mice (Rybakova, 1968). Barrett
(1968) found carbaryl caused a 4-week delay to cotton rat reproduction.
Nir et al. (1966) reported finding degenerated ovaries in white leghorn

chickens (Gallus domesticus). Sherman and Ross (1961) reported levels

of carbofuran as low as 200 ppm in diet greatly depressed weight-gain,
egg production, fertility and hatchability in white leghorn chickens.
At high dosages carbaryl has reduced reproduction in bobwhite quail

and pheasants (Colchicus phaseolus) (Anonymous, 1961). Reproductive

effects have also been reported in aquatic organisms. Exposure of

fathead minnows (Pimephales promelas) to concentrations of .68 mg/liter

of carbaryl for nine months prevented reproduction and decreased survival
(Carlson, 1971).

Carbaryl has been reported to be teratogenic in beagle dogs

(Canis familiaris) (Smalley et al., 1968) and white rats (Orlova and
Zhalbe, 1968). Robens (1969) reported carbaryl produced abnormalities

in guinea pigs (Covia procellus) embryoes only when treated on days

12-16 of gestation and suggests . . . "that time of ingestion is important
criteria in determining its reproductive effects." Carbaryl has been
found to be teratogenic to chickens, both when injected into eggs
(Marliac, 1964 and Dunachie and Fletcher, 1969) and when included in
the diet (Ghadiri et al., 1967). Ghadiri and Greenwood (1965) found
a direct correlation bet%een the maximum quantity of carbaryl adminis-
tered and chick hatchability.

Changes in the electricai activity of the brain has been used
to indicate an altered functional state of the intact animal. Desi

et al. (1974) reported EEG records made after 50 days of treatment



showed that carbaryl at 100 ppm and 200 ppm/day in diet slightly increased
slow and fast wave components in rats while arprocarb at dosages of 25

and 12.5 ppm/day in diet decreased all wave components. These research-
ers concluded the two agents have slightly different modes of action

in the nervous system. Santolucito and Morrison (1971) conducted an

18 month 1oy-1eve1 carbaryl feeding experiment with Rhesus monkeys

(Macoca mulata) and observed no obvious change in behavior, however,

they did find a significant reduction in waveform abundance for the
12-18 H; class.

Carbaryl and carbofuran both produce chelinesterase inhibition
(Hayes, 1967 and Metcalf et al., 1968). Carpenter et al, (1961) found
carbaryl significantly reduced erythrocyte and brain cholinesterase
levels in rats. Rats given carbaryl for three months had reduced
plasma and tissue cholinesterase levels while monkey plasma cholinesterase
was inhibited in a 6-month study (Serrone et al., 1966). Cholinesterase
is a vital component of the neuromuscular system in vertebrates.
Neuromuscular effects of carbaryl have been found in swine (Sus scrofa)
and chickens (Smalley et al., 1968 and Gaines, 1969).

Behavioral changes represent the final integrated results of
a diversity of biochemical and physiological processes (Warner et al.,
1966). Evidence relating behavioral alteration to inhibition of brain
acetylcholinesterase caused by carbamate poisoning has been reported
(Rosecrans et al., 1968); Goldberg et al. (1963)‘found compound 10854,
an N-methyl carbamate, reduced avoidance behavior of rats to footshock
by 90 percent with a concomitant 30 percent loss in escape behavior.
Goldberg et al. (1965) reported carbaryl injected at 5 ﬁg/kg signifi-

cantly decreased avoidance behavior of rats to footshock and the response
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was dose related. Pfeiffer and Jenny (1957} reported physotigmine was
a potent depressant of learned behavior in rats.

Because of obvicus physiological and behavioral implications,
iocomotor activity has been the subject of numercus pharmacological and
toxicological studies. Desi et al. (1974) found carbaryl and arprocarb
increase the running time and number of errors for rats in a T maze.

Rats injected subcuganeously with a 1 percent solution of carbaryl in
corn oil at 10 mg/kg exhibited a transient decrease in locomotor activity
of 1-2 hours duration (Sideroff and Santolucito, 1972). Singh (1968)
found carbaryl antagonized the‘running wheel performance of caffeine
treated rats and Singh and Frazold (1970) found carbaryl alone depressed
running wheel activity in female rats.

Perhaps, because of their obvious survival values, most pesticide
studies have been concerned with mortality and reproductive effects.
However, Warner et al. (1966) believes, . . . '"that most, if not all
normal processes probably have distinct survival value to organisms
in their natural habitats" and that "any deviation from the norm of.
any'process is deleterious." Therefore, in order to thoroughly evaluate
the effects of pesticidal contaminants all physiological, behavioral

and ecological aspects of an animal should be assayed.



MATERIALS AND METHODS

Subjects

Quail used in all experiments were adult males obtained from
the Kansas State Quail Farm at Pittsburg, Kansas. The birds were
individually housed in polypropylene cages that measured 48x24x13 cm
and were equipped with 0.63 cm (1/4 inch) hardware cloth sliding tops
and 1.27 cm (1/2 inch) hardware cloth bottoms. The birds were divided
into two groups and kept in walk-in environmental chambers prior to
and during all experiments. Group I was kept under conditions of 25°C,
65 percent relative humidity and a 14L:10D light regimen while group II
was kept under conditions of 20, 65 percent relative humidity and
14L:10D light régimen. Birds were kept under these conditions for at

least one month prior to being used in experiments.

Apparatus and Equipment

| Activity cages measured 76x35x30 cm and were constructed of
1 cm thick plywood. Each cage was equipped with 1.27 cm mesh hardware
cloth sliding top. The floor was spring mounted and constructed. of
a 0.63 cm diameter steel rod covered with 0.63 cm mesh hardware cloth.
A 0.63 cm diameter steel rod was welded across the width of the floor
and acted as a fulcrum. Plastic tubing spacers kept the floor centered
~ within the cage frame. A pressure sensitive microswitch was mounted
beneath one end of the floor (Fig. 1). Metal trays were used to collect

feces and spilled feed.
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Locomotor activity was recorded on an Esterline Angus 8-channel
Minigraph continuous event recorder operating at a chart speed of 2.54
cm/hr (1.inch/hr). Chart paper was graduated ihto 15-minute intervals.
Locomotor ﬁctivity was defined as the movement of the bird from one
end of the cage to the other. A contact was elicited each timerthe
bird crossed over the fulcrum and was recorded simultaneously by the
recorder, These recordings appear as vertical marks on the chart
paper and fuse together to foim a solid band during intense activity
(Fig. 2).

Eight cool white flourescent lights were suspended directly
above each cage and provided the light source for the continuous bright
light and light-dark experiments, while 6-watt lamps were the light
source in the continuous dim light experiment.,-Light readings were
taken at the top center of each cage with a Gossen Tri-Lux foot candle
illumeter. Light intensity varied by 30 lux, depending upon the bird's
pﬁsition in the cage, during CBL and LD expériments.

During the first two experiments it was found that some birds
were mimicking each others activity. Although visually isolated they
could still hear each other. To prevent this behavior a random-noise
generator operating at 80 dB of white noise was installed in the

environmental chamber for the remaining experiments.

Feed

Feed was prepared by the Grain Science and Industry Department
at Kansas State University. It was a mixture of grain (P-18) consisting

of 46 percent ground sorghum (Sorghum vulgare) grain, 28 percent soybean

(Glycine max) oil meal, 15 percent ground corn (Zea mays), 2 percent
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alfalfa (Medicago sativa) meal, and trace amounts of vitamins, coarse

fibre and antibiotics. The feed was sifted through #20 (0.83 mm openings)
and #6 (2.10 mm openings) mesh screens in the laboratory to provide
uniform particle size and facilitate gross separation of spilled feed

from feces. Grit was not provided.

Treated Feed

Tfeated feed was prepared by mixing the powdered form of each
insecticide with dry P-18 meal, tumbling the mixture for 30 minutes
and then pelleting it. Maximum temperature of the feed dﬁring the
pelleting process was 69°C. The pellets were then put through a corn
cutter and crumbled. The feed was then stored in a freezer at -16°C
until used. Twenty pounds of treated feed was prepared for each experi-
ment, No tests were underfaken to determine if the insecticide was
distributed evenly throughout the feed.

Treatments equivalent to daily dosages of 20 and 100 mg/kg
carbaryl and 2 and 10 mg/kg carbofuran were prepared. Daily dosages
were calculated on the basis of the mean body weight for each group
of birds used in an experiment and a mean daily food consumption of

approximately 15 grams (wet weight) per bird (Case, 1973).

Chemicals

Gratis samples of technical grade carbaryl (1 naphthyl N-
methylcarbamate) and carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl
methylcarbamate) were provided by the Union Carbide Chemical Corporation

and the Niagara Chemical Division of the F.M.C. Corporation, respectively.



Experimental Design

Four experiments, of eight birds each, were conducted under
continuous bright light (CBL; 300 lux), one experiment, of eight birds,
was conducted under continuous dim light (CDL; 10 lux) and two experi-
ments, of four birds each, were conducted under a 14L:10D rectangular
light-dark cycle (LD). All experiments were divided into a sequence
of four phdses; a 14-day acclimation phase, a 35-day pretreatment
phase, either a 7- or l4-day treatment phase (depending upon the insec-
ticide) and a 14-day posttreatment phase. The 35-day pretreatment
ﬁhase served as each bird's coﬁtrol against which data collected during
treatment and posttreatment were :bmpared. All birds were maintained
under a 14L:10D rectangular light-dark cycle during acclimation. A
summary of methods and environmental conditions for each experiment

is shown in Table 1.

Experiment 1

Eight birds were randomly selected from group I, weighed,
individually housed in activity cages and then placed in a walk-in
environmental chamber. The experiment was conducted under CBL with
constant conditions of 256C and 65 ﬁercent relative humidity. Birds
were treated at daily dosages eéuivalent to 2d mg/kg carbaryl in diet

for a period of seven days.

Experiment 2

Eight birds were randomly selected from group I, weighed,
individually housed in activity cages and then placed-in a walk-in

environmental chamber. The experiment was conducted under CBL with

18
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constant chamber conditions of 25YC and 65 percent relative humidity.
Birds were treated at daily dosages equivalent to 100 mg/kg carbaryl

in diet for a period of seven days.

Experiment 3

Eight birds were randomly selected from group II, weighed,
individually housed in activity cages and then placed in a walk-in
environmental chamber. The experiment was conducted under CBL with
constant chamber conditions of 20°C and 65 percent relative humidity.
Birds were treated at daily dosages equivalent to 2 mg/kg carbofuran
in diet for a period of 14 days. A random-noise generator producing

80 dB of white noise operated throughout the experiment.

Experiment 4

Eight birds were randomly selected from group II, weighed,
individually housed in activity cages and then placed in a walk-in
environmental chamber, The experiment was conducted under CBL with
constant chamber conditions of 20°C and 65 percent relative humidity.
Birds were treated at daily dosages equivalent to 10 mg/kg carbofuran
in diet for a period of 14 days. A random-noise generator producing

80 dB of white noise was operated throughout the experiment,

Experiment 5A

Four birds were randomly selected frem group II, weighed, indi-
vidually housed in activity cages and then placed in a walk-in environ-
mental chamber. The experiment was cohducted under a 14L:10D rectan-
gular light-dark cycle with constant chamber conditions of 209C and

65 percent relative humidity. Birds were treated at daily dosages



21

equivalent to 10 mg/kg carbofuran in diet for a period of 14 days.
A random-noise generator producing 80 dB of white noise operated through-

out the experiment.

Experiment 5B

Four birds were randomly selected from group II,weighed, indi-
vidually housed in activity cages and then placed in a walk-in environ-
mental chamber. The experiment was condﬁcted under a 14L:10D rectangu-
lar light-dark cycle with constant chamber conditions of 20°C and 65
percent relative humidity. Birds were treated at daily dosages equiva-
lent to 10 mg/kg carbofuran in diet for a period of 14 days. A random-
noise generator producing 80 dB of white noise operated throughout the

experiment.

Experiment 6

Eight tirds were randomly selected from group IT,weighed,
individually housed in activity cages and then placed in a walk-in
environmental chamber. The expefiment was conducted under CDL with
constant chamber conditions of 20°C and 65 percent relative humidity,
Birds were treated at daily dosages equivalent to 10 mg/kg carbofuran
in diet for a period of 14 days. A random-noise generator producing

80 dB of white noise operated throughout the experiment.

Procedure

During acclimation, microswitch position and spring tension
were adjusted to provide maximum sensitivity to the bird's movement
from one end of the cage to the other. To encourage bird movement,

feed and water bottles were piaced at opposite ends of the cage.
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Activity cages were cleaned every two weeks and at the beginning
and end of each experimental phase. During these times food consumption
data were collected. Spilled feed was separated from feces by sifting
tray contents through #20 and #6 mesh screens. The amount of feed
collected from each cage was then subtracted from the total amoﬁnt
given each bird. This provided a gross estimate of food consumption
for each bird. Food consumption data were not collected during acclima-
tion. Body weight data were collected at the end of each experimental
phase. Birds were fed every other day at different times so as not
to condition them to a false rhythm. |

A quantitative expression of locomotor activity per hour was
determined by converting the number of pen deflections on the chart
paper into minutes. A value of four seconds waé_assigned for every pen
deflection. When pen deflections fused to form solid bands, the length
of activity time was taken directly from the chart paper. From these
data the daily activity for each bird was determined. Daily activity
was defined as the total activity for.a 7-day period divided by seven.

A chi-square goodness of fit test was performed for each group of birds
to determine if daily activity data, food consumption data and bo&y
weight data were distributed normally. An analysis of variance was

used to test for weekly variations in mean daily activity, mean daily
food consumption and mean body weight. A probability of P<0.10 was
considered significant for AOV tests. An LSD test was used to determine
significant differences between treatment means. A probability of
P<0.05 was considered significant for LSD tests. Product-moment and

partial correlations between activity, food consumption and body weight
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and between changes in these variables were calculated, A probability

of P<0.05 was considered significant for all correlations. The periodo-
gram analysis as.described by Enright (1965) was used to determine the
circadian period of free-running activity. The periodogram allows

the detection of any natural frequency of periodic phenomena without
a-priori.knowledge of the exact value of the period (Cauter and Huyberecht,
1973). A periodogram analysis was performéd on data collected during

six time periods; days 1-7, 8-14, 15-28, 29-35, treatment and post-
treatment, for each bird. The periodogram with the greatest amplitude

was used to estimate the periodicity of the rthythm. Actograms showing

intense activity periods, greater than 45 minutes, were also constructed.

Preliminary Experiments

Two groups of eight birds each were allowed 21-days to self-
select either a spatial or temporal preference of light intensity.
Birds allowed a spatial selection of light intensity (group I) were
individually housed in light-dark boxes constructed of 1 cm thick
plywood. Each box measured 76x35x30 cm and was equipped with a 0.63 cm
hardware cloth floor and al.27 cm hardware cloth sliding top. A 1l cm
thick piece of plywood partitioned the box widthways into two equal
sections. A piece of black plastic covered one of the sections, An
opening 20 cm high by 13 cm wide allowed the bird to move from one
section to the other. The box was spring mounted and balanced on a
fulcrum. A pressure sensitive microswitch was mounted beneath one end
of the box (Fig. 3). The bird's movement from one section to the
other elicited a response to an Esterline Angus 8-channel Minigraph

continuous event recorder which recorded the bird's position in the
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box. Feed and water bottles were placed in the light section of
the box. Birds were maintained under chamber conditions of 25°C
and 65 peréent relative humidity. Light intensities were 300 and
5 lux for the light and dark sections, respectively.

Birds allowed a temporal choice of light intensity (group II)
were individually housed in cages constructed of 1 cm thick plywood.
Each cage measured 76x35x30 cm and was.equipped with a spring mounted
split section floor, constructed of a 0.63 cm steel rod covered with
0.63 ¢m hardware cloth, with microswitches positioned beneath each
section (Fig. 4). One microswitch controlled the on-off function of
a 30-watt cool white fluorescent light, suspended directly above the
cage, while the other microswitch recorded the bird's position in the
cage. A 6-watt lamp, also suspended directly above the cage, remained
on at all times. The bird's position in the cage determined the light
intensity. When on one section of floor the 30-watt fluorescent light
was on and light intensity was 300 lux. When on the other section
of floor only the 6-watt lamp remained on and light intensity was 10
qu; A black plastic curtain was placed around the entire unit to
prevent interference from external light sources. Feed and water
bottles were placed in the light section of the cage. Birds were
kept under chamber conditions of 25°C and 65 percent relative humidity.

Average period lengths were determined by constructing a
trend line, fitted by inspection, through the day to day self-selected
onsets for bright conditions for each bird. The slope in the line
determined the change in onset times over the 21-day period. This

total change (in hours) was divided by 21 days and an average daily
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shift in onset times determined. This amount was subtracted from 24
hours for phase advancing birds and added to 24 hours for phase delaying

birds.



RESULTS

Behavior Changes

The only noticeable beﬁavioral changes occurred during treatment
to bird no. 6 (experiment 4) and to bird no. 2 (experiment 6). Both
birds developed diarrhea by the fourth day of treatment. Fecal matter
was greenish white in color and lacked consistency. After ten days
of treatment bird no. 2 became practically incapacitated and offered
little resistence to hand capture. Symptoms of diarrhea disappeared
within three days after the start of posttreatment for both birds.

By the eighth day of posttreatment bird no. 2 appeared to have fully

recovered its mobility.

Preliminary Experiments

Only two of 16 birds, (both from group I) established a free-
running activity rhythm, when provided with either a spatial or tem-
poral choice of light intensity, during preliminary experiments. The
period length was 23.5-hours for both birds. Six of the eight birds |
in group I nevei entered the dim section of the cage during the 2l-day
experiment. Birds in group II ;eacted differently to dim light condi-
tions. Some birds would remain under dim conditions for a few minutes
and then return to bright light conditions, thle others would enter
the dim light section and then immediately return to bright lighf
conditions. Although data were not quantified, it could be determined

from inspection, that the frequency with which birds entered the dim
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light conditions decreased with time until no such instances occurred

during the last week of the experiment.

Experiment 1 - Carbaryl Low Dosage (20 mg/kg) Continuous Bright Light
(300 Lux).

A chi-square goodness 6f fit test indicated that daily activity
data were not normally distributed (p<0.005). Therefore, although
standard deviations are presented for mean daily activity the vari-
ability they represent is not symmetrical about the means. Food con-
sumption and body weight data were normally distributed and therefore
standard deviations are symmetfical about the means.

The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 2,
Variation in a bird's daily activity was considerable as is evident by
the range. The range of activity means, from 235-minutes for bird
no. 7 to 838-minutes for bird no. 5, also indicates considerable
variation exists between birds.

The mean daily activity (S.D.) was 386(195) minutes during
pretreatment 344(212) minutes during treatment and 374(214) minutes
during posttreatment. Weekly daily activity for each bird is shown
in Table 3 and mean daily activity for each week is shown in Figure 5.
Changes in mean daily activity during treatment from pretreatment ranged
from a 37 percent decrease for bird no. 7 to a 5 percent increase for
bird no. 2 (average change was 1l percent; a!42~minute decrease) .
Changes in mean daily activity during posttreatment from treatment
ranged from a 15 percent decrease for bird no. 4 to a 46 percent increase

for bird no. 3 (average change was 9 percent; a 27-minute increase).
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An analysis of variance disclosed no significant weekly variation
in mean daily activity for the group (Table 18, Appendix).

Mean daily food consumption (+S.D.) was 12.9(*1.3) grams during
pretreatment, 12.9(%2.2) grams during treatment and 12.4(%2.2) grams
during posttreatment (Table 19, Appendix). The changes in mean daily
food consumption during treatment from pretreatment ranged from a 23
percent decrease for birds no. 3 and 5 to a 10 percent increase for
bird no. 2 (average change was 0.7 percent; a 0.09-gram decrease).
Changes in mean daily food consumption during posttreatment from treat-
ment ranged from a 14 percent decrease for bird no. 5 to a 17 percent
increase for bird no. 3 (average change was 4 percent; a 0.5-gram
decrease). An analysis of variance disclosed no significant differences
between collections in mean daily food consumption for the group (Table
20, Appendix).

Mean body weight (:S.D.) was 177.5(210.1) grams at the end of
acclimation, 178.2(*8.0) grams at the end of pretreatment, 178.2(%8.9)
~grams at the end of treatment and 178.0(*8.6) grams at the end of post-
treatment (Table 21, Appendix). Changes in body weight during pretreat-
ment from acclimation ranged from a 1.6 percent decrease for bird no. 7
to a 2.7 percent increase for bird no. 3 (average change was 0.4 percent;
a 0.7-gram increase). Changes in body weight during treatment from
pretreatment ranged from a 1.6 percent decrease for bird no. 8 to a
0.7 percent increase for bird no. 5 (average change was 0.0 percent).
Changes in body weight during posttreatment from treatment ranged from
a 1.3 percent decre;se for bird no. 5 to a 0.8 percent gain for birds

no. 2 and 8 (average change was 0.1 percent; a 0.2-gram decrease).
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An analysis of variance disclesed no significant variation between
phases for the group (Table 22, Appendix). ‘

No significant correlations were found between activity and
body weight, or body weight and food consumption during any phase.
Activity and food consumption were significantly correlated dufing all
three phases (r = 0.8862, 0.9160 and 0.8410 for the pretreatment,
treatment and posttreatment phases, respectively). No significant
correlations were found between changes in activity, food consumption
and body weight during any phase.

Experiment 2 - Carbaryl High Dosage (100 mg/kg) Continuous Bright Light
(300 Lux).

A chi-square goodness of fit test indicated that daiiy activity
data were not normally distributed (P<0.005). Therefore, although
standard deviations are presented for mean daily activity the variability
they represent is not symmetrical about the means. Food consumption
and body weight data were normally distribufed, therefore, standard
deviations for these variables are presented as being symmetrical
about the means.

The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 4.
Variation in a bird's daily activity was considerable as is evident
by the range. The range of activity means, from 188-minutes for bird
no. 4 to 685-minutes for bird no. 6, also indicates considerable vari-
ation exists between birds.

The mean daily activity (S.D.) was 481(176) minutes during
pretreatment, 466(162) minutes during treatment and 482(177) minutes

during posttreatment. Weekly daily activity for each bird is shown
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in Table 5 and mean daily activity for each week-is shown in Figure 6.
Changes in mean daily activity during treatment from pretreatment ranged
from a 29 percent increase for bird no. 1 to a 22 percent decrease for
bird no. 3 (average change was 3 percent; a l4-minute decrease). The
changes in mean daily activity during posttreétment from treatment

ranged from a 46 percent increase for bird no. 3 to a 16 percent decrease
for bird no. 6 (average change was 3 percent; a l4-minute increase).

An analysis of variance disclosed no significant weekly variation in
mean daily activity for the group (Table 23, Appendix).

Mean daily food consumption (£S.D.) was 12.2(#1.7) grams during
pretreatment, 12.2(%2.0) grams during treatment and 12.9(%2.3) grams
during posttreatment (Table 24, Appendix). The changes in mean
daily food consumption during treatment from pretreatment ranged from
a 9 percent increase for bird no. 2 to a 13 percent decrease for bird
no. 4 (average change was 0.0 percent). Changes in mean daily food
consumption during posttreatment from treatﬁent ranged from a 0.7
percent decrease for bird no. 7 to a 16.5 percent increase for bird
no. 1 (average change was 6 percent; a 0.7-gram increase). An analysis
of variance disclosed no significant differences between collections
in mean daily food consumption for the group (Table 25, Appendix).

Mean body weight (#$.D.) was 185.2(%#11.0) grams at the end of
acclimation, 185.9(%10.5) grams at the end of pretreatment, 187.6(%10.8)
grams at the end of the treatment, and 189.4(%12.9) grams at the end of
posttreatment (Table 26, Appendix). Changes in body weight during pretreat-
ment from acclimation ranged from a 0.8 percent decrease for bird no. 7 to
a 1.7 percent increase for bird no. 4 (average change was 0.4 percent,

a 0.7-gram decrease). The changes in body weight during treatment from
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pretreatment ranged from a 0.9 percent decrease for bird no. 1 to a
2.6 percent increase for bird no. 5 (average change was 0.9 percent;

a 1.,7-gram increase). Changes in body weight during posttreatment

from treatment ranged from.a 4,8 percent decrease for bird no. 3 to

a 4.3 percent increase for bird no. 6 (average change was 0.9 percent;
a 1.8-gram increase). An analysis of variance disclosed no significant
variation between phases for the group (Table 27, Appendix).

No significant correlations were found between body weight
and food consumption; or body weight and activity during any phase.
Aﬁtivity and food consumption were significantly correlated during
pretreatment (r = 0.8181) and treatment (r = 0.7834) but not during
posttreatment (r = 0.4296).

No significant correlations were found between changes in
activity and changes in food consumption during any phase. However,
there was a significant negative correlation between changes in activity
and changes in body weight during posttreatment (r = -0.7704).

Experiment 3 Carbofuran Low Dosage (2 mg/kg) Continuous Bright Light
(300 Lux).

A chi-square goodness of fit test indicated that daily activity
data were not normally distributed (P<0.005). Therefore, although
standard deviations are presented for mean daily activity the variability
they represent is not symmetrical about the means., Food consumption
and body weight data were normally distributéd, therefore, standard
deviations for these variables are presented as being symmetrical about
the means.

The range and mean (S.D.), in minutes, of daily activity for

each bird during each phase of the experiment are shown in Table 6.
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Variation in a bird's daily activity was considerable as is evident
by the range. The range of activity means, from 190-minutes for bird
no. 1 to 673-minutes for bird no., 7, also indicates considerable vari-
afion exists between birds.

Mean daily activity (S.D.) was 422(159) minutes during pre-
treatment, 417(187) minutes during treatment and 410(160) minutes
during posttreatmentl Weekly daily activity for each bird is shown
in Table 7 and mean daily activity for éach week is shown in Figure 7.
Changes in mean déily activity during treatment from pretreatment
ranged from a 27 percent decrease for bird no. 1 to a 27 percent increase
for bird no. 3 (average change was 1 percent; a 5-minute decrease).
Changes in mean daily activity during posttreatment from treatment
ranged from a 15 percent decrease for bird no. 7 to a 14 percent increase
for bird no. 2 (average change was 1.6 percent; a 7-minute decrease). An
analysis of variance disclosed no significant weekly variation in mean
daily activity for the group (Table 28, Appendix). No apparent trends
in pretreatment or posttreatment activity were observed, however, seven
out of eight birds had a higher mean daily activity during the second
week of treatment than the first.

Mean daily food consumption (#S.D.) was 16.4(*2.1) grams during
pretreatment, 14.9(*1.8) grams during treatment and 16.1(%2.3) grams
during posttreatment (Table 29, Appendix). An analysis of variance
disclosed significant (P<0.10) differences in mean daily food consumption
between collections (Table 30, Appendix)}. An LSD separation of means
disclosed that food consumption during treatment was significantly

less than food consumption during pretreatment and posttreatment. All
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birds showed a decrease in food consumption during treatment and an
increase during posttreatment. Changes in mean daily food consumption
during treatment from pretreatment ranged from a 4.5 percent decrease
for bird no. 4 to a 17 percent decrease for bird no. 2 (average change
was 9.0 percent; a l.5-gram decrease). Changes in food consumpfion
during posttreatment from treatment ranged from a 0.1 percent increase
for bird no. 1 to a 14 percent increase for bird no. 7 (average change
was 8.0 percent; a 1.2-gram increase).

Mean body weight (#5.D.) was 195.2(x10.6) grams at the end of
acclimation, 197.4(%10.2) grams at the end of pretreatment, 198.0(%9.6)
grams at the end of treatment and 199.1(%9.3) grams at the end of post-
treatment (Table 31, Appendix). Changes in pretreatment body weight
from acclimation ranged from a 0.4 percent decrease for bird no. 3 te
a 3.3 percent increase for bird no. 1 (average change was 1 percent;

a 1.9-gram increase). Changes in body weight during treatment from
pretreatment ranged from a 4.5 percent decréase for bird no. 7 to a

4 percent increase for bird no. 2 (average change was 0.3 percent; a
0.6-gram increase). Changes in body weight during posttreatment from
treatment ranged from a 1 percent decrease for birds no. 1 and 5 to a

2 percent increase for bird no. 6 (average change was 0.5 percent;

a l.1-gram increase). An analysis of variance disclosed no significant
variation between phases for the group (Table 32, Appendix).

Body weight and food consumption were significantly correlated
during posttreatment (r = 0.8206). There was a highly significant
correlation (P<0.001) between activity and food consumption during all

three phases (r = 0,8990, 0.8825 and 0.9649 for pretreatment, treatment
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and posttreatment respectively). A partial correlation analysis disclosed
a highly significant (P<0.001) negative correlation existed between
activity and body weight during pretreatment (r = -0.8505) and post-
treatment (r = -0.8336). |

No significant correlations were found between changes in activ-
ity and changes in body weight during any phase. However, a signifi--
cant negative correlation existed between changes in activity and
changes in food consumption during posttreatment (r = -0.7553) while
changes in food consumption and changes in body weight were significantly
éorrelated during posttreatment (r = 0.7543).

Experiment 4 - Carbofuran High Dosage (10 mg/kg) Continuous Bright
Light (300 Lux).

A chi-square goodness of fit test indicated that daily activity
data were not normally distributed (P<0.005). Therefore, although
standard deviations are presented for mean daily activity the variability
they represent is not symmetrical about the means. Food consumption
and body weight data were normally distributed, therefore, standard
deviations for these variables are presented as being symmetrical
about the means.

The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 8.
Variation in a bird's daily activity was considerable as is evident by
the range. The range of activity means, froﬁ 345-minutes for bird
no. 6 to 710-minutes for bird no. 3, also indicates considerable vari-
ation exists between birds.

Mean daily activity (S5.D.) was 452(130) minutes during pre-

treatment, 431(149) minutes during treatment and 402(101) minutes during
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posttreatment. Weekly mean daily activity for each bird is shown in
Table 9, and mean daily activity for each week is shown in Figure 8.
Changes in mean daily activity during treatment from pretreatment ranged
from a 41 percent decrease for bird no. 1 to a 30 percent increase for
bird no. 6 (average change was 5 percent; a 2l-minute decrease). Changes
in mean dai;y activity during posttreatment from treatment ranged from

a 35 percent decrease for bird no. 6 to a 63 percent increase for bird
no. 1 (average change was 6.7 percent; a 29-minute decrease). An
analysis of variance disclosed significant weekly variation in mean
daily activity for the group (Table 33, Appendix). An LSD separation

of means disclosed activity during the second week of treatment was
significantly less than activity during the first three weeks of pre-
treatment and the first week of treatment. Activity during the first
week of posttreatment was significantly less than activity during the
first two weeks of pretreatment and the first week of treatment.

Mean daily food consumption (#S.D.) was 15.8(*1.2) grams during
pretreatment, 9.8(*2.4) grams during treatment and 17.6(%1.9) grams
during posttreatment (Table 34, Appendix). Changes in mean daily
food consumption during treatment from pretreatment ranged from a 19
percent decrease for bird no. 2 to 68 percent decrease for bird no. 6
(average change was 38 percent; a 6-gram decrease). Changes in mean
daily food consumption during posttreatment from treatment ranged from
a 25 percent increase for-bird no., 2 to a 246 percent increase for bird
no. 6 (average change was 80 percent; a 7.8-gram increase). An analysis
of variance disclosed highly significant (P<0.05) differences in mean
daily food consumption between collection times (Table 35, Appendix).

An LSD separation of means disclosed that food consumption during trecat-

ment was significantly less than any other time during the experiment.
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Mean body weight (2S.D.) was 196.4 (tlZ.ﬁi grams at the end of
acclimation, 197.3(%12.8) grams at the.end of pretreaiment, 178.1(%x7.7)
grams at ‘the end of treatment and 192.7(*11.1) grams at the end of
posttreatment (Table 36, Appendix). Changes in body weight during
pretreatment from acclimation ranged from a 0.4 percent increase for
bird no. 1 to a 2.2 percent increase for bird no. 4 (average change
was 0.5 percent; a 0.9-gram increase). Changes in bedy weight during
treatment from pretreatment ranged from a 4.3 percent decrease for
bird no. 2 to an 18 percent decrease for bird no. 6 (average change
was 9.7 percent; a 19.2-gram decrease). Changes in posttreatment
body weight from treatment ranged from a 0.9 percent increase for
bird no. 2 to an 18,9 percent increase for bird no. 6 (average change
was 8.2 percent; a l4.6-gram increase). An analysis of variance disclosed
significant differences in mean body weight between phases (Table 37,
Appendix). An LSD separation of means disclosed body weight at the
end of treatment was significantly less than any other phase.

No significant correlations were found between any of the
variables during any phase of the experiment. However, changes in
food consumption and changes in activity were significantly correlated
during treatment (r = 0.8035). There was a significant negative
correlation between changes in activity and changes in body weight
during treatment (r = -0.8662). Changes in body weight and changes
in food consumption were significantly correlated during treatment

(r = 0,9249) and posttreatment (r = 0.7211).
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Experiment 5A - Carbofuran High Dosage (10 mg/kg) Light-Dark Photo-
period (14L:10D).

A chi-square goodness of fit test indicated that daily activity
data were not normally distributed (P<0.005).- Therefore, although
standard deviations are presented for mean daily activity the vari-
ability they represent is not symmetrical about the means. Food con-
sumption and body weight data were normally distributed, therefore,
standard deviations for these variables are presented as being symmetri-
cal about the means.

| The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 10.
Variation in a bird's daily activity was considerable aé is evident by
the range. The range of activity means, from 368-minutes for bird no. 4
to 545-minutes for bird no., 1, also indicates considerable variation
exists between birds.

At approximately 6:15 P.M., during the thirteenth day of treat-
ment, a mechanical failure caused chamber temperature to rise at a rate
of 2.59C/hr. All birds subsequently died of hyperthermia during the
dark period which started at 6:00 P.M. The birds showed sporadic
bursts of intense activity during the dark period up until 2:15 A.M.
at which time a marked increase in activity occurred. All activity
stopped at 3:30 A.M. It was assumed death occurred at this time.
Chamber temperatures were 40°C and 43°C at 2:15 A.M. and 3:30 A.M.,
respectively.

Mean daily activity (S.D.) was 450(74) and 410(47) minutes
for pretreatment and the first 13-days of the l4-day treatment phase,

respectively. Weekly daily activity for cach bird is shown in Table 11
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and mean daily activity for each week is shown in Figure 9. Changes
in mean daily activity during treatment from pretreatment ranged from
a 5 percent increase for bird no. 4 to a 20 percent decrease for bird
no. 2 (average change was 9 percent; a 40-minute decrease). An analysis
of variance disclosed no significant weekly differences in meaﬁ daily |
activity for the group (Table 38, Appendix).

Mean daily food consumption (35.D.) was 15.3(%0.9) and 11.3
(20.8) grams for the pretreatment and first 13 days of the 14-day
treatment phase, respectively (Table 39, Appendix). Changes in mean
daily food consumption during treatment from pretreatment ranged from
a 20 percent decrease for bird no. 4 to a 32 percent decrease for
bird no. 1 (avérage change was 26 percent; a 4-gram decrease). An
analysis of variance disclosed highly significant differences in food
consumption between collections (P<9.05) (Table 40, Appéndix). An
LSD separation of means disclosed treatment food consumption was
significantly less than pretreatment food cbnsumption.

Mean body weight (#5.D.) was 178.0(£13.6) grams at the end
of acclimation, 179.5(%12.9) grams at the end of pretreatment and
170.9(%9.7) grams at the end of treatment (Table 41, Appendix). ‘There
were no changes in mean body weight during pretreatment from acclimation
greater than 1.5 percent. Changes in body weight during treatment
from pretreatment ranged from a 1.6 percent increase for bird no. 2
to a 10.8 percent decrease for bird no. 3 (average change was 4.8
percent; an 8.6-gram decrease). An analysis of variance disclosed
no significant differences in mean body weight between phases (Table 42,

Appendix).
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There was a highly significant (P<0.001) correlation between
body weight and food consumpticon during pretreatment (r = 0.9900}; No
significant correlations existed between activity and body weight or
activity and food consumption during any phase of the experiment. No
significant correlations were found between changes in any of the vari-
ables during any phase.

Experiment 5B - Carbofuran High Dosage (10 mg/kg) Light-Dark Photo-
period (14L:10D).

A chi-square goodness of fit test indicated that daily activity
data were not normally distributed (P<0.005). Therefore, although
standard deviations are presented for mean daily activity the vari-
ability they represent is not symmetrical about the means. Food consump-
tion and body weight data were normally distributed, therefore, standard
deviations for these variables are presentéd as being symmetrical about
the means. |

The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 12.
Variation in a bird's daily activity was considerable as is evident by
the raﬁgé. The range of activity means, from 235-minutes for bird no. 4

“to 638-minutes for bird no. 1, also indicates considerable variation
exists between birds.

Mean -daily activity (S.D.) was 504(175) minutes during pre-
treatment, 320(138) minutes during treatment and 488(167) minutes
during posttreatment. Weekly daily activity for each bird is shown
in Table 13 and mean daily activity for each week is shown in Figure 10.
Changes in mean daily activity during treatment from pretreatment

ranged from a 29 percent decrease for bird no. 3 to a 45 percent decrease
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for bird no. 1 (average change was 37 percent; a 184-minute decrease).
Changes in mean daily activity during posttreatment trom treatment

ranged from a 14 percent increase for bird no. 1 to a 68 percent increase
fér bird no. 4 {average change was 55 percent; a 157-minute increase).

An analysis of variance disclosed significant weekly differences in

mean daily activity (Table 43, Appendix). An LSD separation of means
disclosed mean daily activity during the first week of treatment was
significantly less than weeks 2, 4, 5 and 9 and significantly greater
than the second week of treatment. Activity during the second week

of treatment was significantly less than every other week.

Mean daily food consumption (%5.D.) was 14.5(¢1.7) grams for
pretreatment, 9.1(%1.1) grams for treatment and 15.6(*2.4) grams for
posttreatment (Table 44, Appendix). Changes in mean daily food con-
sumption during treatment from pretreatment ranged from a 22 percent
decrease for bird no. 4 to a 50 percent decrease for bird no. 2 (average
change was 37 percent; a 5.4-gram decrease). Changes in mean daily
food consumption during posttreatment from treatment ranged from a
33 percent increase for bird no. 4 to a 123.5 percent increase for
bird no. 2 (average change was 71 percent; a 6.5-gram increase). An
analysis of variance disclosed significant differences in mean daily
food consumption between collections (Table 45, Appendix). An LSD
separation of means disclosed treatment food consumption was signifi-
cantly less than pretreatment and posttreatment.

Mean Body weight (#S.D.) and 168.0 (£12.2) grams at the end
of acclimation, 165.8 (*13.9) grams at the end of pretreatment, 164.7

(¥12,.6) grams at the end of treatment and 167.4(:14.3) grams at the
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end of posttreatment (Table 46, Appendix). Changes in body weight
during pretreatment from acclimation ranged from a 3.3 percent decrease
for bird no. 3 to a 0.5 percent increase for bird no. 1 (average change
was 1.3 percent; a 2-gram decrease). Changes in body weight during
treatment from pretreatment ranged from a 2.3 percent increase for bird
no. 4 to a 3.3 percent decrease for bird no. 1 (average change was 0.7
percent or l.2-gram decrease). Changes in body weight during post-
treatment from treatment ranged from a 1.6 percent decrease for bird
no. 4 to a 3.5 percent increase for bird no. 1 (average change was
1.6 percent; a 1.7-gram decrease). An analysis of variance failed
to disclose any significant differences in mean body weight between
phases (Table 47, Appendix).

No significant correlations were foun& between body weight
and food consumption, or body weight and activity during any phase.
However, there was a significant correlation between activity and food
consumption during posttreatment (r = 0.9910). No significant corre-
lations were found between changés in any of the variables during any
phase.

Experiment 6 - Carbofuran High Dosage (10 mg/kg) Continuous Dim Light
(10 Lux).

A chi-square goodness of fit test indicated that daily activity
data were not normally distributed (P<0.005). Therefore, although
standard deviations are presented for mean daily activity the vari-
ability they represent is not symmetrical about the means. Food con-
sumption and body weight data were normally distributed, therefore,

standard deviations for these variables are presented as being symmetrical



about the means.

The range and mean (S.D.), in minutes, of daily activity for
each bird during each phase of the experiment are shown in Table 14.
Variation in a bird's daily activity was considerable as is evident
by the range. The range of activity means, from 56-minutes for bird
no. 8 to 697-minutes for bird no. 7, also indicates considerable vari-
ation exists between birds.

The mean daily activity (S.D.) was 369(219) minutes during
pretreatment, 311(244) minutes during treatment and 207(255) minutes

during posttreatment. Weekly daily activity for each bird is shown

70

in Table 15 and mean daily activity for each week is shown in Figure 11.

An analysis of variance disclosed significant weekly differences in
mean daily activity (Table 48, Appendix). An LSD separation of
means disclosed mean daily activity during weeks eight and nine

was significantly less than week one. Changes in daily activity during
treatment from pretreatment ranged from an 86 percent decrease for bird
no. 5 to a 39 percent increase for bird no. 1 (average change was 15.7
percent; a 58-minute decrease). Changes in mean daily activity during
posttreatment from treatment ranged from a 94 percent decrease for
bird no. 1 to a 232 percent increase for bird no. 8 (average change

was 33.4 percent; a 104-minute decrease).

Mean daily food consumption (*5.D.) was 13.8(%1.4) grams during
pretreatment, 8.6(+3.2) grams during treatment and 16,8(+2,.8) grams
during posttreatment (Table 49, Appendix). Changes in mean daily food
consumption during treatment from pretreatment ranged from a 4 percent

decrease for bird no. 3 to 70 percent decrease for bird no. 2 (average



71



*(XuT Q1) FYSTT wip
SRONUTIUOD Jdpun (&¥/3w QT) SoJTq PIIR3I) UBILJOQIED qudta jo xmwz\hﬁbﬂcm ATTep uEsy

l.H._“



AN g
SRR R

woow Z
v v ﬁ
N - = A
1 N AT
I O D It N AN
b= 1 B, ]
z ’ I [N Thatetea:s 'l
=1
z1
e
w
= | JI
I
|
|
|
1 \\\‘Tb\‘\‘l"-‘-\\‘-\\ N |
[ &&\\Q\‘[\\\ AN I
Jaansaadues
S
b f I ! § | K
o o o (= (@) o
o
3 ] e = & 2

(STLNNIA} ALIAILDOY AIva NVIW

72

WEEKS



73

T = sfep yo Jsqumy
gf = sfep Jo xaqumy

(€€ ) oL 6TT -2 (T2 ) T2 28 =€ (97 ) 95 212-8 8
(8€T) 018 620T-11S (f02) 829 000T-92€ (s12) L69 186-291 &
(88 ) 05 852 =6 (L6T) LOT 9€9 -T (fe) Llz L59-6T1 9
(291) 921 M9s =6 (09 ) 61 112 =2 (8L1) sme 289-€T 5
(6L ) met 20e =2¢ (o7r) Sen 969 =691 (2o1) s2¢ SL9-T2T T
(S0T) 9ne 86T —iiL (€9 ) 6€¢€ 96n -gET (L8 ) L6z €SM-10T €
(02T) 20T £5E £ (91€) 91 G20T-LL (eTT) 1£9 9€6-8M1 g
(€1 ) 62 LT =9 (98T) ST M2l =691 (€€1) T2¢€ 629-91L T
("q°s) uesn oTuey (°0°S) WeR PO (°q°s) ueay YT
s 3 %

JNTAIVIEL ISOd INTHIVHEL LN IYTY I adre

ALTATIOV XIIVQ J0 SHINNTH

*(*uT 0T) YSTT WIP SnonUT3U0d Jepun saseyd juswless}}sod pue quUaWIELsIY
‘quamjeaxjoad Jutanp (3:/3u QT) SpaTq PIjess] UINyoqaed JUSTe Jo AqTatqoe ATTeg *¢1 9TA®RlL



74

L3 528 AN 96 6€T f€e ST ne 6
2s N6l ofe] 541 60T LSE 81 €2 g INTAIVIHILEOd
2€ 96/, 61 0z 108 ofE 982 §ls L
6 65t 591 LL |ne TEC 0.9 qIe 9 INTHIVTLL
LS T8 64 n6¢ LTE 2Lz £29 162 g
ns gEL 2l 18€ qT1¢e £TE 619 €62 U
91 104 aon glz T2€ £82 T0L §22 €
€€ T8 &8¢ Q62 62 DIt 059 €92 2
68 698 061 nLe 6LE Q0% T€S STS T INTHIVHIITE
g L 9 s n £ é T ATHM
ayrd FASYHd

I

(3%/3u Q1) SpITq Pajeaq} uRMFOQIEd JUITe Jo (saynuru) LJTATIOE Lrtep ussu ALrHasM

i

*(ZnT OT) FUSTT WIP SUORUTIUOD Iapun

*ST 3T9®L



75
change was 37.6 percent; a 5.2-gram decrease). Changes during post-
treatment from treatment ranged from a 30.6 percent increase for bird
no. 3 to 405 percent increase for bird no. 2 (average change was 95
percent; an B.2Z-gram increase). An analysis of variance disclosed
significant differences between collections in mean daily food consump-
tion (Table 50, Appendix). An L SD separation of means disclosed
mean daily food consumption during treatment was significantly less
than pretreatment or posttreatment,

Mean body weight (£S.D.) was 175.2(%12.3) grams at the end
of acclimation, 178.5(%11.4) grams at the end of pretreatment, 163.8
(¥18.8) at the end of treatment and 184.7(%13.2) grams at the end of
posttreatment (Table 51, Appendix). Changes in mean body weight during
pretreatment from acclimation ranged from a 3.4 percent decrease for
bird no. 2 to 5.6 percent increase for bird no. 6 (average change was
1.9 percent; a 3.3-gram increase). Changes in body weight during
treatment from pretreatment ranged from a 1.4 percent decrease for bird
no. 7 to a 32.2 percent decrease for bird no. 2 (average change was
8.0 percent; a 14.7-gram decrease). Changes in body weight during
posttreatment from treatment ranged from a 7 percent loss for bird
no. 8 to 55.5 percent gain for bird no. 2 (average change was 12.8
percent; a 20.8-gram increase). An analysis of variance disclosed
significant differences in mean body weight at the end of each phase
(Table 52, Appendix). An L SD separation of means disclosed that
. mean body weight at the end of treatment was significantly less than
body weight at the end of pretreatment and posttreatment.
There was a significant negative correlation between activity

and body weight during treatment and posttreatment (r = -0.8255 and

-0.7662, respectively). Body weight and food consumption were signifi-
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cantly correlated during treatment and posttreatment (r = 0.7828 and 0.7749,
respectively). No significant correlations were found between activity and
food consumption during any phase.

There was a highly significant (P<0.001) correlation between changes
in activity and changes in food consumption during treatment (r = 0.8771).
There was a highly significant correlation (P<0.001) between changes in body
weight and changes in food consumption during treatment and posttreatment
{(r = 0.8850 and 0.8960, respectively). There was a significant negative

correlation between activity and body weight during posttreatment (r = -0.8077).

The establishment of a free-running rhythm under CBL.

Six of 32 birds establi;hed a free-running activity rhythm for at least
seven periods during the pretreatment phase. The length and time periods with-
in which each bird established a free-running activity rhythm during CBL exper-
iments are shown in Table 16. Period lengths during pretreatment ranged from
23.4-hours for bird no. 7 (experiment 4) to 25.5-hours for bird no. 8 (exper-
iment 1). Only bird no. 8 maintained a free-running rhythm throughout the
56-day experiment. The response of this bird to constant bright illumination
is seen in Fig. 12. Period length of the rhythm gradually changed from 25.5-
hours for days 1-7 to 23.9-hours for seven days prior to treatment. All birds

had random activity distributed throughout their periods.

Effects of treatment on period length.

Only birds no. 7 and 8 exhibited a rhythm during the seven periods just
prior to treatment. In both cases period length during treatment increased
from 23.4 to 25.6 and 23.9 to 26.3 hours for birds no. 7 and 8, respectively.
Only bird no. 8 exhibited a free-rumning rhythm during posttreatment. The

periodicity of the rhythm was 23,9 hours.

The establishment of a circadian rhythm under CDL.

Seven out of eight birds established a free-rumming rhythm of rest



77



* £1T0TPOTIAU UT SASUBUD 54BOTPUT SMOLIY  *lUswqgesdy JO pud squassadsa (g) ‘qusw
~3B011 JO JUTUUTYsq sjussaadax (Y) *Aepp aun Spagmdn paoeTdsTp pue peonpoxdax st
PICTBI SJITIUS AY[ *JI3UT0 UDe2 UGRaUlQq pSIUN0N 9ap SABD SATSSSODONS WOL] 50J005Y
*Kep suo X0F ‘shaeyd ALTATIOE WOAT PeOnpOoJdas f(ssanutu G uByq JI8qkagd) spotasd
£1TATIOR SSUBIUT SqUSsaadaa fz 01 (O WOIT SUTT TRAIUCZTIOY yded *{3nT 00f) WETT
TYSTI0 SNONUTRU0D Japum (T Rusurpasdxe) § *ou pJaTtq J0F7 WAl A1TATIOR SUTULI-33X]

‘2t

fy



78

BIRD NO.8

24

24

N

HOUR OF DAY



7%

Table 16, Length of free-running activity periods (hours), during
six different times, under CBL conditions.

BIRD EXP, DAY DAY DAY DAY POST-

NO. NO. 1-7 8-14 15-28 28-35 TREATMENT TREATMENT
8 1 25.5 25.4 24.4 23.9 26,3 23.9
2 2 24.5 iae vee wers ven e
5 2 25.0 ves . “ae — —
2 4 25.0 ces iee cas sus v
6 4 25.4 . —_— -~ con p—_
7 4 * * d 23.4 25.6 sae

* Missing data due to equipment failure.
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and activity for at least seven periods during the CDL experiment
(Table 17). Period lengths during pretreatment ranged from 23.9-hours
for bird no. 8 to 25.9-hours for bird no. iI. Abrupt changes in free-
running periodicity occurred at various times during the experiment,
Bird no. 1 established an initial 25,9-hour rhythm during days 1-7,
however, the periodicity abruptly changed to 21.9-hours during days
8-14 and to 24.1-hours during days 15-28 (Fig. 13). Bird no. 4 established
an initial 24.6-hour rhythm during days 1-7 that changed to 25.2-hours
during days 8-14. During days 15-28, a third change occurred and the
period of the rhythm decreased to 23.5-hours. During days 29-35, a
fourth change occurred and the period increased to 23.9-hours (Fig. 14).
Bird no. 2 established a free-running rhythm with a period of 25.7-hours
during days 1-7. The period changed to 24.3-hours for days 8-14, then
changed to 23.5-hours durirg days 15-28; where it reached a steady
state until treatment (Fig. 15), Bird no. 5 established a free-running
rhythm with a period length of 25.3-hours that reamined unchanged through-
out pretreatment (Fig. 16). All birds had fandom activity distributed

throughout their periods.

Effects of treatment on period length.

Only four of eight birds, nos. 1, 2, 4 and 5 exhibited a free-
Tunning activity rhythm during the seven periods just prior to treatment.
Of these four, only birds no. 2 and 4 exhibited a free-running rhythm
during treatment. Bird no. 2 increased its period length from 23.5-hours
to 23.8 while bird no. 4 showed no change in period length.

Birds no. 3 and 7 were arrhythmic during pretreatment. How-
ever, during treatment, both birds established free-running activity

rhythms with periods of 24.8-hours and 23.1-hours for birds no. 3 and 7,
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Table 17. Length of free-running activity periods (hours) during
six different times, under CDL conditions,
BIRD DAY DAY DAY DAY
NO. 1-7 8-14 15-28 29-35 TREATMENT TREATMENT
1 25.9 21.9 24.1 24,3 N
2 25.7 24.3  23.5 235 23.8
3 24.5 . , - 24.8
4 24.6 25,2 23.5 23.9 23.9
5 25.3 25.3 25.3 25.3 o
6 . . .
7 25.7 " T 284d

23,9
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respectively. This abrupt change can be seen to some extent in Fig.
17 and to a greater extent in Fig. 18. No birds demonstrated a free-

running rhythm during posttreatment.

Activity patterns under continuous bright light.

It was hoped that data on activity patterns could be collected
during the acclimation phase of each experiment. However, due to
equipment problems and difficulty in the positioning of microswitch
assemblies only data for experiment 2 and 6 were collected.

Activity patterns for birds no. 1, 3, 5 and 6 (experiment 2},
during the last five days of acclimation and the first five days of
continuous bright light are shown in Figure 18. Under rectangular light-
dark cycles birds no. 5 and 6 show a bimodal activity pattern, with major
morning and evening peaks coinciding with light on - light off stimuli,
while birds no. 1 and 3 show a multi-peak activity pattern with morning
and evening peaks coinciding with light on - light off stimuli. No
clear activity patterns were apparent for any of the birds under continuous

bright light.

Activity patterns under continuous dim light,

Activity patterns for birds no. 5, 6, 7 and 8 during the last five
days of acclimation and first five days of continuous dim light are shown
in Figure 20. Under rectangular light-dark cycles birds no. 5 and 6
show a conspicuous bimodal activity pattern with major morning and
evening peaks coinciding with light on - light off stimuli. Bird no. 8

shows a multi-peak activity pattern with major morning and evening

peaks coinciding with light on - light off stimuli, while bird no. 7
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shows no clear activity pattern. Activity patterns, under continuous
dim light, for birds no. 5 and 8 were similar to those under light-
dark conditions, however, no discernable activity pattern for bird

no. 7 was apparent.

Activity patterns under light-dark photoperiods

Experiment S5A

During pretreatment all four birds exhibited a bimodal activity
pattern with major morning and evening peaks coinciding with light on -
light off stimuli (Fig. 21}. The pattern and timing of major activity
peaks during treatment remained unchanged from that during pretreatment.
A reduction in peak amplitude was found for all birds during treatment.
Amplitude reduction ranged from a 10 percent decrease for bird no. 4

to a 25 percent decrease for bird no. 2.

Experiment 5B

During pretreatment all four birds exhibited a bimodal activity
pattern with major morning and evening peaks coinciding with light on -
light off stimuli (Fig. 22). The pattern and timing of major activity
peaks for birds no. 1, 3 and 4 during treatment remained unchanged from
pretreatment with only the amplitude differing. There was no change |
in the pattern of activity for bird no. 2, however, the timing of major
activity peaks occurred one hour earlier during treatment than pretfeat-
ment. In all cases peak amplitude during treatment was less than
pretreatment ranging from a 29 percent decrease for bird no. 3 to a
50 percent decrease for bird no. 4, During posttreatment the timing

of major activity peaks for all birds coincided with peak timing during
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pretreatment. Changes in peak amplitude during posttreatment from
treatment ranged from a 32 percent increase for bird no. 1 to a 90
percent increase for bird no. 4. Changes in peak amplitude during
posttreatment from pretreatment ranged from a 27 percent decrease for

bird no. 1 to a 17 percent increase for bird no. 2.



DISCUSSION

Preliminary experiments

The fact that only two of 16 birds (both from group I) established
a self-selected activity rhythm during preliminary experiments, when
provided with either a spatial or temporal choice of light intensity,
does not mean that bobwhite are typically arrhythmic. Such results
could simply mean the methods used were not condusive to the establish-
ment of a rhythm. The fact that six birds in group I never even entered
the dim section of the cage lends further support to this explanation.
The primary reason why birds failed to spatially select for dim light
was believed to be cage design. When in the bright section, birds
allowed to spatially select for light intensity, could see out above
the top of the cage. When in the dim section, however, the birds were
visually isolated from outside surroundings. Even when water bottles
were placed in the dim section, in an attempt to condition the birds
to these conditions, it was found that birds would only enter the dim
section for a few minutes at a time and then return to the bright
section. It was assumed the birds were drinking during these times.
Birds allowed to temporily select light intensity also showed an aversion
for dim conditions. When a bird did select for dim conditions it was
only for a few minutes at a time. One explanation for this behavior
could be that the abrupt change in light intensity startled the birds.
Results show the number of these occurrances decreased with time thus

indicating the birds learned to avoid these conditions.
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Continuous illumination experiments

Although it was possible to distinguish a free-running rhythm
in bobwhite by recording activity under constant conditions, with
regard to light, such a method has obvious drawbacks. One problem
is that it placed the birds in a negative environment (i.e. unnatural).
The fact that most birds had activity randomly distributed throughout
their periods made it difficult to distinguish clear periods of rest
and activity in a bird's rhythm. Cain and Wilson (1972) had similar
difficulty in distinguishing definite free-running activity rhythms
in white leghorn chickens kept under constant illumination of 130 lux.
Kirkpatrick (1957) believes constant light tends to keep bobwhite in
a state of wakeful activity. Such an explanation would account for
the lack of clear periods of rest and activity for birds in experi-
ments presented here.

Another critical problem is light intensity. Under CBL con-
ditions only six of 32 birds established a free-running rhythm whereas
seven of eight birds established a free-running thythm under CDL
conditions. In addition, four of eight birds, under CDL conditions
maintained a free-running rhythm throughout pretreatment whereas only
one of 32 birds, under CBL conditions, maintained a free-running rhythm
throughout pretreatment. Although circadian activity rhythms have

been found in starlings (Sturnis vulgaris) kept under light intensities

~greater than 300 lux (Aschoff, 1960) results presented here indicate
300 lux inhibits the establishment and causes a premature "démping out"
of free-running activity rhythms in bobwhite.

Abrupt changes in free-running periods, during pretreatment,

together with the fact that only six birds exhibited a free-running
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period during the seven days prior to treatment made it difficult to
access what effects, if any; treatment had on free-running rhythms.
Therefore, discussion of treatment effects is speculative at best,
Results of experiment 6 suggest that free-running activity
rhythms were tending to stabilize between days 15-35 of pretreatment.
Birds no. 2 and 5 showed no change in periodicity during this time while
birds no. 1 and 4 only showed changes of 0.2- and 0.4-hours, respectively
(Table 17). The greatest change during pretreatment was 0.5-hours for
bird no, 8. Assuming the birds had reached a '"steady state' where only
small changes (<0.5-hours) in pericdicity were occurring, changes greater
than 0.5-hours could indicate an abnormal change in periodicity. Results
show that no such changes occurred during treatment. An interesting
development, during treatment, was the establishment of a free-rﬁnning
rhythm for birds no. 3 and 7. Both of these birds had been arrhythmic
during pretreatment. However, explanations for this behavior.could not

be determined from activity, body weight or food consumption data.

Rectangular light-dark experiments

Results of this study indicate that bobwhite exhibit a typical
bimodal activity pattern, with major morning and evening peaks, when
kept under rectangular light-dark cycles. The first activity peak
may be in response to light-on stimuli; but for the second peak which
precedes light-off, there is no concurrent environmental stimulus
which can be invoked as the proximate cause. It can be argued, however,
that even under a rectangular light-dark cycle both peaks may be in
response to the light-on stimuli--the first peak being a direct response

and the second peak being a latent response of several hours (Aschoff, 1966b) .
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If repetitive activity patterns continue in the absence of concurrent
external stimuiation they are "spontaneous' and by definition endogenous.
Activity patterns obtained in experiments presented here, under constant
conditions, are inconclusive as to whether locomotor activity patterné
of bobwhite are endogenously determined (Figs. 21 and 22), This is
partly due to the sample sizes investigated and light intensities used.
Bimedal activity patterns have been observed in bobwhite under field
conditions (Stoddard, 1936; Bent, 1932 and Fatora and Duever, 1968),

If casually related to gradually changing light conditions, as has been
suggested, it might be expected that such patterns would disappear
under rectangular light-dark cycles., Findings presented here show

this is not the case.

Many authors have expounded various explanations for the qui-
escent periods between activity peaks. Stoddard (1936) suggested
bobwhite seek relief from midday heat during the summer. Robinson
(1957) suggests the daily activity pattern of bobwhites during the
nonbreeding season is controlled by intensity of solar radiation.
Although results in experiments presented here fail to provide con-
clusive proof as to the endogeniety of bimodal locomotor activity
patterns of bobwhite, such a possibility should not be ignored when
interpreting correlations between a bobwhite's behavior and concurrent

environmental stimuli,

Food Consumption

Results of this study indicate that daily dosages of 2 and 10
mg/kg of carbofuran administered in diet significantly reduces food

consumption in bobwhite quail. All 32 carbofuran treated birds showed
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a decrease in food consumption during trcatment. It wasn't known,
however, whether this decrease was due to some metabolic effect caused
by the insecticide or the palatability of the treated feed. Solomon
(1975) found daily dosages equivalent to 2 mg/kg of carbofuran admin-
instered orally in corn oil caused an average 2.4 g (dry weight) decrease/
bird/day in bobwhite food consumption. This decrease was temporary,
however, with food consumption gradually returning to pretreatment
levels after eight days. Based on these findings birds in experiment 3
could have shown a 20.4 g (wet weight) decrease in food consumption
during the first eight days of treatment, or an average dally decrease
of 1.4 g (wet weight)/bird for the l4-day treatment phase. Actual

mean daily decrease in food consumption during treatment for experiment
3 was 1,5 g (wet weight)/bird/day. These data suggest that decreases
in food consumption during treatment for experiment 3 may have been

due to some causes other than the palatability of the treated feed.

It is important to note, however, that Solomon's findings were based

on acute dosages of 2 mg/kg carbofuran administered orally in corn

0il and may not be applicable to chronic feeding studies.

Body Weight

Significant weight losses due to treatment only cccurred during
experiments no, 4 and 6. Significant decreases in food consumption
during treatment were also found in these experiments. It wasn't
known, however, whether decreases in food consumption could account
for the weight losses. Case (1971) found the existence energy require-
ments for an adult male bobwhite, under a 15L:10D photoperiod and a

temperature of 20°C, was 41.4 kcals/day. Clement (1970) found that
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an adult male bobwhite, under a 10L:14D photoperiod and temperature of
20°C, could metabolize only 7.2 kcals/day when fed a diet of ragweed
(Ambrosia trifidia), sumac (Rhus glabra) and pin oak (Quercus palustris)
and would lose an average of 5.2 g of body weight/day. Using these data
it can be shown that for every kcal of energy not metabolized, below
that required for existence energy, an adult male bobwhite loses 0.15 g
of body weight/day. Average daily decreases in food consumption were
5.7 g {dry weight) and 4.9 g (dry weight)/bird for experiments 4 and 6,
respectively. Based on a mean caloric value of 4,35 kcals/g of P-18
feed (Solomon, 1975), this would result in an average reduction in
caloric intake of 24.8 and 21.3 kcals/bird/day for experiments 4 and 6,
respectively. This means that an average loss in body weight of 3.7
and 3.2 g/bird/day was possible for birds in experiments 4 and 6,
respectively. Actual mean daily weight losses were 0.61 and 1.1 g/bird
for experiments 4 and 6, respectively. These data suggest that body
weight losses for birds treated at 10 mg/kg carbofuran could be more

than accounted for by concurrent decreases in food consumption for these

birds.

Ecological implications

Results of this study suggest that exposure to carbofuran, and
its subsequent effect on locomotor activity, food consumption and body
weight, places an adult male bobwhite under considerable stress. Carbo-
furan is usually applied at the time of year when adult male bobwhites
are undergoing a complex sequence of physiological and behavioral
stresses associated with courtship, breeding and territorial defense.

Physiological and behavioral stress of reproduction have been shown to
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be the primary factors influencing late summer and fall mortality in
both adult male and female bobwhite (Kabat and Thompson, 1963). Repro-
duction stress has also been shown to increase a bird's vulnerability
to predation, disease and parasites (Brietenbach and Meyer, 1959; and
Greely, 1953). Selye (1949) has shown that adaptation to a specific
stress such as courtship, molting or breeding lowers a bird's body
resistance to stress to which the bird is not adapted. Therefore,
exposure to carbofuran during these critical times could possibly
create additional stress that would proportionately reduce a bird's
resistance, thus increasing its vulnerability to disease, parasites
and predation.

This study also indicates that exposure to carbofuran causes
a significant reduction in an adult male bobwhite's daily locomotor
" activity. Therefore, it would be expected that not only the total
amount of activity time but also the amount of time spent performing
any one activity such as feeding, courtship, breeding, and territorial
defense would have to be reduced. It would also follow that the bird
would budget its activity time for those activities directly associated
with survival. It most of the bird's activity time has to be spent on
those activities directly related to survival less time can be spent
on other activities such as courtship, breeding and territorial defense.
Failure to preform such activities could seriously affect reproduction.
Orians (1965) believes that even subtle changes in time budgeting can
affect an individual's reproductive success and thus have evolutionary
implications.

During the early spring and summer months bobwhite usually feed

jn the early morning and late afternoon (Stoddard, 1936). Tarly morning
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feeding activity replenishes reduced energy stores from the previous

night while late afternoon feeding enables the birds to build up energy

stores to last through the night. Results obtained during this study,

uﬁder light-dark photoperiods, show that carbofuran causes a reduction

in average hourly activity during major morning and evening periods.

Such a reduction could cause the birds to either feed less or feed at

less optimum times of the day. If adaptation has resulted in the

timing of feeding activities and other activites to occur at optimum

times of the day such an effect could have serious ecological consequences.
Results of this study also indicate that ingestion of 2 or 10 mg/kg

carbofuran in diet significantly reduces food consumption in male bobwhite.

Haegele and Tucker (1974) found reduced food consumption in female

Coturnix quail, treated with carbaryl, resulted in short-term egg shell

thinning. The timing of seasonal physiological processes has also been

shown to be affected by limited food intake. Breitenbach et al. {(1963)

found limited food intake during the early breeding season resulted

in a 1-month delay in the onset of egg-laying and retarded the rate of

molt in hen pheasants. Such a delay in the timing of a physiological

process such as egg-laying or molting could also delay the recuperation

period beyond the season when environmental conditions are optimum.

Kabat and Thompson (1963) found late nesting bobwhite were unable to

reach prewinter body weights and subsequently had a higher mortality

than early nesters. Bobwhite typically lay a second clutch if the first

is either destroyed or disserted. A delay in the laying of the first

clutch could prohibit the bird from laying a second clutch and therefore

have an effect on population levels.



SUMMARY AND CONCLUSIONS

A series of seven experiments conducted under different tempera-
tures, photoperiods and illumination intensities were undertaken to study
the effects of carbaryl and carbofuran on various aspects of bobwhite
quail activity. Variables tested included locomotor activity, free-
running activity rhythms and diurnal activity patterns. Food consump-
tion and body weight data were also collected. In addition, data on
daily activity during the last five days of light-dark conditions and
first five days under constant illumination were collected to determine
if quail activity patterns are spontaneous, i.e. not concurrent on
changing environmental conditions.

Collected data support the following conclusions:

1. Ingestion of carbofuran at 10 mg/kg of body weight in diet
caused a significant decrease in bobwhite quail activity and food
consumption under all photoperiods.

2. Ingestion of carbofuran at 10 ﬁg/kg body weight in diet
caused a significant decrease in bobwhite quail body weight under
continuous illumination experiments.

3. Carbofuran at 2 mg/kg body weight in diet caused a signifi-
cant decrease in bobwhite quail food consumption under continuous bright
light (300 lux).

4, Carbaryl at 20 or 100 mg/kg body weight in diet caused no
significant changes in bobwhite quail activity, food consumption or

body weight.
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5. Under rectangular light-dark cycles bobwhite quail exhibit
a conspicuous bimodal activity pattern. However, due to small sample
sizes, results obtained under constant illumination are inconclusive
as to whether these patterns are endogenously determined.

6. Carbofuran at 10 mg/kg body weight had no effect on the
timing of major activity peaks under a rectangular light-dark cycle.

7. Bobwhite quail exhibit a free-running activity rhythm under
constant conditions, the establishment and persistence of which depend
upon light intensity. {

8. The effects of treatment on circadian periodicity are

inconclusive due to sample size and spontaneous or induced changes in

periodicity during pretreatment.
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Table 18, Analysis of variance of activity of eight carbaryl
treated birds (20 mg/kg) under continuous bright light

(300 1ux).
ANALYS1S OF VARIANCE
SOURCE D.F. ¥.S. F-RATIO PROB.
BIRD 7 309966.,0 83.2L 0.00
WEEK 7 332L.3 0.89 0.52
RESIDUAL L6 3723.7
TOTAL 60

# Missing data due to equipment failure. Should be L9 and 63 for
residual and total, respectively.



127

( T°23) n°et AT L 0T 21T T1°9T "6 1T LET s*2t INTWIVTILISOd
( e*e3) 6°21 6" 1L S°0T g° 2t L QT L°0T g6 ST L*1T INTHIVITEL

( 2°Ts) 6°2T €T L°TT  Q°TT  2°ST  0°2T  €°2T 2°€T  @'2T INTHIVIE LT

(*arsz) NVEH g L 9 S 1 £ 2 T "ASVHJ
QId

(SHYuD) TIVINTI (004 FITIVCE NVTI

*(xnT Q0E) AUSTL TYITIQ SHONUTIUOD JIpUn
(331/3u Qz) spata pojeaxy TAxeqaed qydre Jo ﬁ.m.mﬂv uesw pue uottdumsuos pooI ATTIBO  *61 91GRBL



128

Tgble 20. Analysis of variance of food consumption of eight
carbaryl treated birds {20 mg/kg) under continuous
bright light (300 lux).

ANALYSIS OF VARIANCE

SOURCE D.F. MOSQ F""RA.’PIO PRDB -

BIRD T 21.79 32.80 0.00

COLLECTIONS - L 1.03 1.56 0.21

RESIDUAL 28 0.66

TOTAL 39
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Table 22, Analysis of variance of body weight of eight carbaryl
treated birds (20 mg/kg) under continuous bright light

(300 1lux).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F-RATIO PROB.
BIRD 7 317.38 157.05 0.00
PHASE 3 0,61 0.30 0.82
RESIDUAL 21 2.02

TOTAL 31
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Table 23. Analysis of variance of activity of eight carbaryl
treated birds (100 mg/kg) under continuous bright light

(300 lux).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F=RATIO PROR.
BIRD : 7 215782.1 36.63 0.00
WEEK 7 906.3 0.15 0.99
RESIDUAL L9 5890.4

TOTAL 63
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Table 25, Analysis of variance of food consumption of eight
carbaryl treated birds (100 mg/kg) under continuous
bright light (300 lux).

ANALYSIS OF VARIANCL

SOURCE D.F, M.S. F-RATIO PRORE.

BIRD 7 19.19 11.22 0.00

COLLECTIONS L 0.98 0.57 0,68

RESIDUAL 28 1.71

TOTAL 39
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Table 27.  Analysis of variance of body weight of eight carbaryl
treated birds (100 mg/kg) under continuous bright light

(300 lux).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F-RATIO PROB.
BIRD T L78.26 36.99 0.00
PHASE 3 28.87 2.23 0.11
RESIDUAL 21 12.92

TOTAL 31
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Table 28. Analysis of variance of activity of eight carbofuran
treated birds (2 mg/kg) under continuous bright light
(300 lux).

ANALYSIS OF VARIANCE

SOURCE D, P, M.S. F-RATIO PROB.
BIRD 7 236525.0 62.8 0,00
WEEK 8 5683.8 1.5 0.17
RESIDUAL 56 3765.7

TOTAL f
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Table 30, Analysis of variance of food consumption of eight
carbofuran treated birds (2 mg/kg) under continuous
bright light (300 lux).

ANALYSIS OF VARIANCE

SOURCE D.F. M.S. F-RATIO PROB,
BIRD 7 22.05 33.65 0,00
COLLECTIONS L 9,21 1L.05 0.00
RESIDUAL 28 0.65

TOTAL 39
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Table 32. Analysis of variance of body weight of eight carbofuran
treated birds (2 mg/kg) under continuous bright light

(300 1ux).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F-RATIO PROB.
BIRD 7 376.03 20.83 0.00
PHASE 3 29.61 1.64 0.21
RESIDUAL 21 18.0L

TOTAL 3L
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Table 33, Analysis of variance of activity of eight carbofuran
treated birds (10 mg/kg) under continuous bright light

(300 1lux).
ANALYSIS OF VARIANCE
SOURCE
BIRD 7 123118.5 19.& 0,00
VEEK 8 12852 .8 2,0 0.06
RESIDUAL 5l 633L.6
TOTAL 66%

# Missing data due to equipment failure. Should be 56 and 71 for
residual and total, respectively.
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Table 35. Analysis of variance of food consumption of eight
carbofuran treated birds (10 mg/kg) under continuocus
bright light (300 lux).

ANALYSIS OF VARIANCE

SOURCE D.F. M.S. F-RATIO PROB.
BIRD 7 3.65 1,20 0.33
COLLECTIONS L 72.96 2L .06 0.00
RESIDUAL 28 | 3.03

TOTAL 39
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Table 37. Analysis of variance of body weight of eight carbofuran
treated birds (10 mg/kg) under continuous bright light
(300 1ux),
" ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F=-RATTIO _ PROB.
BIRD 7 Li22.88 1. 6l 0.00
PHASE -3 6h47.11 22.40 0.00
RESIDUAL 21 28.87
TOTAL 31
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Table 38. Analysis of variance of activity of four carbefuran
treated birds (10 mg/kg) under light~dark photoperiod
(14L:10D).
ANALYSIS OF VARIANCE
SOURCE D,F. M.S. F-RATIC PROB.,
BIRD 3 286L3.9 16.L0 0.00
WEEK 6 3522.0 2.01 0,11
RESIDUAL 18 17hé.3
TOTAL 27
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Table 40. Analysis of variance of food consumption of four
carbofuran treated birds (10 mg/kg) under light-dark
photoperiod (14,L:10D),

ANALYSIS OF VARIANCE

SOURCE D,F, M.S. F-RATIO PROB.

BIRD 3 0.93 1.26 0.43

COLLECTIONS 1 3L.03 Lh.12 0.00

RESIDUAL 3 2.31

TOTAL 7
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Table 42, Analysis of variance of body weight of four carbofuran
treated birds (10 mg/kg) under light-dark photoperiod

(141.:10D).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S. F-RATIO PROB.
BIRD 3 388.2 13.2) 0.00
PHASE 2 8l .2 2.87 0.13
RESIDUAL 6 29.3
TOTAL 11
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Table 43. Analysis of variance of activity of four carbofuran
treated birds (10 mg/kg) under light-dark photoperiod
(1sL:10D).
ANALYSIS OF VARIANCE
SOURCE D.F. M.S, F-RATIO PROB.
BIRD 3 231782.3 33.L6 0.00
WEEK 8 3120L.7 L.50 0.00
RESIDUAL 2l 6926.7
TOTAL 35
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Table 45. Analysis of variance of lood consumption of four
carbofuran trested birds (10 mg/kg) under light-dark
photoperiod (14L:10D),

ANALYSIS OF VARIANCE

SOURCE D.F, M.S. F-~RATIO PROB.
BIRD 3 L.28 1.54 0.29

COLLECTIONS 2 48.01 17.29 0.00

RESIDUAL 6 2.77

TOTAL 4,
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Table 47.  Analysis of variance of body weight of four carbofuran
treated birds (10 mg/kg) under light-dark photoperiod

(1LL:10D),
ANALYSIS OF VARIANCE
SOURCE D.F, M.S. FuRATIO PROR.
BIRD 3 687.1 117.h 0.00
PHASE 3 9,0 1,5 0.26
RESIDUAL 9 5.8

TOTAL 15
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Table 48.  Analysis of variance of activity of eipht carbofuran
treated birds (10 mg/kg) under continuous dim light

(10 1ux).
~- e et e e —
ANALYSIS OF VARIANCE
SOURCE D.F, M.S. F-RATIO FROB.
BIRD 7 352139,50 17.00 0.00
WEEK 8 115685 .00 2.20 0.0
RESIDUAL 56 20707.55

TOTAL 71
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Table 50. Analysis of variance of food consumption of eight
carbofuran treated birds (10 mg/kg) under continuous
dim light (10 lux),

gz e it ettt e TR e
. S . e e

Il
L

ANALYSIS OF VARIANCE

SOURCE b7, M.S. F-RATIO PROB.
BIRD 7 Y.36 0.56 0.77
COLLECTIONS L 137.03 17.61 0.00
RESIDUAL i T

TOTAL 23
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Table 52. Analysis of variance of body weight of eight carbofuran
treated birds (10 mg/kg) under continuous dim light

(10 lux).
ANALYSIS OF VARIANCE
SOURCE D.F, M.S. F~RATIO PROB
BIRD 7 435,16 3.49 0.01
PHASE 3 615,22 L.93 0,00
RESIDUAL 21 12},.59

TOTAL 3l
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A series of experiments were undertaken to determine the effects
of carbaryl and carbofuran on various aspects of adult male bobwhite

(Colinus virginianus) activity. Variables tested included locomotor

activity, free-running activity rhythms and diurnal activity patterns.
Food consumption and body weight data were also collected. Four experi-
ments were conducted under continuous bright light (300 lux), one
experiment under continuous dim light (10 lux) and two experiments

under a 14L:10D rectangular light-dark regimen. Carbaryl treated

birds were kept under chamber conditions of 25°C and 65 percent relative
humidity while carbofuran treated birds were maintained under chamber
conditions of 20°C and 65 percent relative humidity. Birds were

treated at daily dosages equivalent to 20 and 100 mg/kg carbaryl in
diet and 2 and 10 mg/kg carbofuran in diet.

All birds were individually housed in activity cages constructed
of plywood. An Esterline Angus 8-channel Minigraph continuous event
recorder measured activity and monitored the bird's position in the
cage.

Preliminary experiments, that allowed the birds to establish
a self-selected free-running rhythm with regards to light intensities,
were unsuccessful, Therefore, all free-running experiments were con-
ducted under constant light conditions.

Quail receiving daily dosages equivalent to 20 and 100 mg/kg
carbaryl in diet showed no significant changes in activity, food con-

sumption or body weight. Quail ingesting 10 mg/kg of carbofuran in diet



showed a significant decrease in activity and food consumption under
all photoperiods, however, body weight was only significantly decreased
under continuous illumination experiments.

Under rectangular light-dark cycles, bobwhites exhibited a
conspicuous bimodal activity pattern with major morning and evening
peaks. Ingestion of carbofuran at 10 mg/kg in diet reduced peak ampli-
tude but did not affect the timing,

Bobwhite exhibit a free-running activity rhythm when kept under
constant conditions, the establishment and persistence of which appears
to depend upon light intensity. At 300 lux most of the birds had
interspersed activity throughout their periods. The effects of treat-
ment on free-running periodicity were difficult to access because of

spontaneous changes occurring in periodicity during pretreatment.



