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EFFECTS OF POLYCHLORINATED BIPHENYLS ON PHEASAP‘T
REPRODUCTION, BEHAVIOR, AND SURVIVAL'

ROBERT B. DAKLZREN, South Doketa Cooperative Wiidlife Research Unit, Brookings
RAYMOND L. L'*'DER, Sauth Dokoto Cooperctive Wildlife Research Unit, Brookings

Abstract: C. .k pheasants’ (Phasianus colchicus) were given single capsules weekly containing either 0
or 25 mg poh (hlorinated biphenyls (PCB) for 17 weeks in the spring of 1970. Hen pheasants niated to
the«e cock groups were given single capsules weckly containing 0, 12.5, or 50 mg PCB ( Aroclor 1254).
Among groups receiring PCB, egg production was depressed significantly (P < 0.05), and the number of
eggs that were pipped but not hatrhed was increased significantly (P < 0.05). Even though weckly
weight changes of Lens, fertility and hatchahilitv of ecgs. mortality of adults, and eggshell thickness did
riot appear to be affected by PCB, total reproductive success was depressed. Behavior, on a visual cliff,
of chicks hatched from hens given 5¢ mz werkiy was siznificantly different (P < 0.01); more of them
jumped to the visually deep side or made na choice « 1 sides than chicks from other sroups. Mortality of.
chicks from hatching to 8 wecks of age was sign:. antly greater (P < 0.01) in the offspring of hens
receiving 50 mg PCB weekly, and surviving chicks of this group were significantly lighter (P < 0.05) in

weight than other groups at 8 weeks of age.

Polychlorinated biphenyls have been
detected in wildlife in Europe (The New
Scientist 1968, Holden and Marsden 1967,
Holmes et al. 1367, Jensen et al. 1969, Koe-
man et al. 1969) and in the United States
(Risebrough et al. 1968, Anderson et al.
1969, Bagley et al. 1970, Risebrough 1970).
This chlorinated hydrocarbon was found as
a residue in tissues of both seabirds and
land-dwelling species.

The induction of steroid enzymes in the
liver by PCB has becn demonstrated in
both laboratory rats (Street et al. 1969) and
in pigeons (Risecbrough et al. 196S); and

1 Supported joint!y by the South Dakota Depart-
ment of Came, Fish and Parks, U. S. Bureau of
Sport Fisherics and Wildlife, South Dakota State
University, and The Wildlife Management Institute.

since ‘the aapacity of FCB 1o induce these
enzymes is as potent as or more potent than
DDT, PCB’s have been implicated in egg-
shell thinning. Sax (1963:596) indicated
that the liver of man could be injured by
PCB; liver damage has been shown for
guinea pigs, laboratory rats, and domestic
rabbits by Miller (1944). McCune et al
(1962) and Flick et al. (1965) found that
PCB fed to voung chickens produced edema
and pathological changes in internal organs.
The objective of our study was to-evaluate
the effects of PCB on reproduction, sur-
vival, and behavior of pheasants.

\We are grateful to W. L. Tucker, Statis-
tician, Agricultural Experiment Station,
South Dakota State University, for statis-

tical advice. This study was condycted with
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" funds supplicd by the U. S. Bureau of Sport
Fi:herics and Wildlife.

METHQDS

We used Aroclor 1254 supplied by the
Monsanto Co., St. Louis. Missouri. Hens
were purcha<ed in the winter of 1970 from
the South Dakota Pheasant Co., Canton,
and cocks were raised by us from birds
previously obtained from the Canton source.

Two groups of five cocks each were given
weekly either a 00-size gelatin capsule con-

taining com oil, or one containing comn oil
in 9:1 dilution with 25 ng PCB. Each cock
group was mated with three groups of five
hens, in which each hen was given weekly
" a single comn oil placebo capsule, 12.5 mg
PCB, or 50 mg PCB. Hens and cocks were
maintained in separate cages. Cocks were
dosed for 17 wecks from February 13 to
June 5, and hens from February 20 to June
12,

General care, diet. and maintenance were

the same as those described for a dieldrin
experiment by Baxter et al. (1969), except
that hens in the present study were given a
tablespoonful of oyster shells in their food
cups once each week.

Eggs were gathered from March 7 to
June 19 and set weekly in a forced-draft
incubator. Within 36 hours of hatching,
chigs were taken from the incubator,
plated directly on a visual cliff (Tallarico
and Farrell 1964), and given 5 minutes to
jump to the visually deep or shallow side.
Chicks from this study and those hatched
from a concurrent dieldrin reproduction
+ study were placed together in brooders
unti] they were 8 weeks of age; each bird
was then weigled to the nearest gram.

Adults were alco weighed weckly to the
nearest gram., Egashells! of hatched eggs
from all 15 weekly egg groups were mea-
sured, without the membrane, to the nearest
0.01 mm, using a micromgter at three points
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around the midline perpendicular to the
long axis, as described by Dahigren and
Linder (1970). Unhatched eggs from
weekly egg groups 8-15 were broken, dried
for 24 hours, and the ecgshells, including
the membrane, measured.

Fertility of unhatched ezgs was based on
a visual inspection for evidenece of embryonic
development.

RESULTS AND DISCUSSION

Effects of PCB on Condition
and Reproduction

Only 2 hens died from among the 30 hens
and 10 cocks under study; both hens had
received 50 mg PCB weekly. Analysis of
weekly changes of weight of cocks and hens
tested by analysis of variance showed no
eifect (P > 0.05) from the administration
of PCB. Flick et al. (1965), who fed 200
and 400 ppm, and McCune et al. (1962),
who fed at a dietary level of 100-800 ppm,
found that the growth of chicks of the
domestic chicken was retarded by Aroclor
1242,

The averages of eggs laid per hen per day
(Table 1) among hen-treatment groups
were significantly different. With the use
of an orthogonal test, the rate of egg pro-
duction among hens given 125 mg PCB
weekly was found to be no different (P >
0.05) from the rate ¢{ the control group;
but the rate of the 50-mg group was differ-
ent (P < 0.01) from the rates of the other
groups.

M. A. Haegele at the Denver Wildlife
Research Center ( personal communication)

“found that a single oral dose of 500 mg/kg

of Aroclor 1234 given to Japanese quail
{Coturnix coturnix) reduced egg produc-
tion about 50 percent for 7 days post-treat-
ment, but that egg production was near
normal 8-9 days after trcatment.

The diffcrences among treatment groups
in egg fertility were significant (P < 0.05);
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Table 1. Reproductive statistics from control pheosonts ond peasonts given PCB.
Franue foos Finin.c b Virred
No. Faes N, Eoos Frnine beocs Harcnnp Bur NoT Jtar1cnep
TREATMENT reR N Sra1 N -
Grovy vrR Day INCUcaTOR Nu. Percent No. Percent No. Percent
0-0* 0.621 277 101 36 T4 73 6 8
0-12.5 0.459 220 128 58 87 68 29 23
0-50 0.292 336 50 37 32 ) 8 - 16
25-0 0.335 168 91 54 73 80 9 10
25-12.5 0.362 179 71 40 50 70 18 25
25-50 0.138 98 83 64 41 65 10 16

¢ The first number is the weckly PCB I=vel given to cocks; the second, that for hens.

however, a significant (P < 0.01) cock-hen
interaction indicated these results to be of
no biological meaning,

Hatchability was highest in control
groups and lowest in groups in which hens
had received 50 mg PCB, but the differ-
ences tested by chi-square were not sig-
nificant (P > 0.03). Significant differences
(P < 0.05) in the numbers of eggs that were
pipped but not hatched were found among
groups. Apparently, the administration
of PCB adversely =affected the viability
of the embrvo at the time of hatching.
McLaughlin ¢t al. (1963) injected both 10
and 25 mng of Aroclor 1242 into chicken eggs
and found only 0-5 percent hatchability,
growth retardation, edema, and beak de-
formities in embryos.

No significant differences (P > 0.03) in
eggshell thickness using analysis of variance,
were noted among treatment groups ( Table

2). FEggshells from hatched eggs without
membranes, laid by control hens, averaged

‘026 nm =* 0.02 standard deviation, and

those from all hen groups receiving PCB
averaged 0.23 = 0.02. Eggshells from un-

hatched cggs averaged 0.32 mm = 0.02 for |

control hens, and 0.31 mm = 0.02 for hens |

receiving PCB. Dahlgren and Linder (1970)

found the cggshell thickness of pheasants

to he unuaffected by weekly administration
of 17 capsules containing 6 mg dieldrin, a
chlorinated hydrocarbon, as is the PCB
compound.

Effects on Chick Behavior

From chi-square analysis, it was lcarned
that when chicks were placed on a visual
cliff for up to 5 minutes, sicnificant differ-
ences (P < 0.01) among treatment groups
were found in their behavior (Table 3).
Among offspring of hens on 50 mg PCB

Table 2. Measurements of eggshells from eggs loid by control pheasarts and pheasants given PCB.

et iy

" WezxLy Ece Grours 1-7 wersr Ece Grours §-15
Averare Thick- Average Thick- Average Thick-
- No. oess WitLkout No. ness \Uithout Na. Un- n.xs With
TREATMENT Hestched \Membrane Hatched Mecinbr.ne hatched Menbrune®
Gaoup Eggs (mm) Erys (mm) Euvas (mm)
-0 41 025 30 0.24 83 0.32
0-12.5 42 0.24 45 0.23 28 0.31
0-50 16 0.24 e 021 37 0.31
250 30 0.27 41 0.27 27 0.33
25-1235 17 0.23 30 0.23 28 0.31
25—5Q 33 0.23 5 0.24 13 0.30
& The firt number is the weeklv PCB level iu mg given to cocks: the second, that for hens.
® Unhatched eygs were measured only from weckly egg groups 8-1X.
DSW 332641
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Toble 3. Petavier c- *te wiewol chiff. of chicks hotched

Tob'e 4 Weights and survivol of olfsnring {rom control

feom cortoz ches oot o rheainnts goven PCA. t~eosonts and pheasarts given PCB.

N Tia No Thax No. or
Isnto hsern 10 No. vor . WEiGHT No. or Cracks Pen-
TREAT- ooy Visvarry Jusarng TREAT- AT 6 Cincxs - Anne CENT
MENT HER SnaLLow Wity § MENT WEEKS 10 AFTER SUR-
Grouvre Sour SuLr MistTEs Graove (g) BrooneER 6 \WEEKS  VIVAL
0-0* 2 35 8 00 396 73 49 67
0-125 3 12 & 0-125 378 84 49 58
0-50 3 6 . 5 0-50 303 29 3 10
250 S 33 15 250 389 72 50 693
25-12.5 S 22 7 25-12.5 403 &n 30 60
23-50 4 5 6 25-30 344 40 9 22

*The fairst rumber 5 - wee oy POB Jever 1 mg given
to cocks; the second. that for hens.

weekly, 7 jumped to the visually deep side,
11 jumped to the shallow side, and 11 made
no choice in the alletted time. This was in
sharp contrast to *hie hehavior of all other
groups combined, wherein 13 jumped to the
deep side, 132 to the shallow side. and 39
made no choier. Similar bohavior changes
in pheasant chicks hatchcd from parcnts
given dicldrin were reported by Baxter et al.
(1969). : )

Effects on Chick Weight and Survival
The weights of chicks at 6 weeks of age
(Table 4) were tested by analysis of vari-
ance. There were no significant differences
due to the PCF, level viven to cocks. and no
significant ce.ck=Y 11 interactions (P > 0.05%

However, chicks hatched from hens given
30 mg PCB were significantly lichter in

weight (P < 0.03° than those hatched from
control hens and from hens given 125 mg.

Chick sunival was determined for treat-
ment groups during the first 6 weeks of age
while ‘chicks were kept in brooders (Table
4). The sunvival of chicks was not related
to whether cuck parents, recgived PCB, but
chi-square analysis showed that sitmificantly
mare (P < 0.01) deaths, oceprred among
chicks hatched from hens receiving 50 mg
PCB. No difference (P > 0.03) was found
between mortality of chicks hatched from
control hens and those hatchdd from hers
given 12.5 mg PCB.

& The first number 1- the weekly PCB lrvel in mg given
to cocks; the second, that for hens.

Apparently, 50 mg PCB given weekly to
breeding hens was enough to cause a de-
crcase in the weight of their chicks at 6
wecks of age, and to cause an increase in
chick mortality between hatching and 6
veeks of age. Administration of PCB de-

creased czg production and caused an in-|
crease in the number of eggs that weie

pipped but not hatched among treated
groups. Behavioral changes. on a visual cliff
of nowly hatched chicks were also «ffected
by PCB. However, furtilitv and hatchability
of eggs, eggshell thickness, and weeki
weights and survival of adult pheasants
given PCB were unaffected.
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A NEW STRATIFICATION FOR MOURNING DOVE CALL-COUNT

ROUTES

LYTLE H. BLANKENSHIP, Migratory Bird Populo'ion Station, Field Stotion, Tucton, Arizong?

ALAN B. KUMPHREY, Un'versity of Arizana, Tucson

DUNCAN Ma:DONALD, Migratory Bird Populations Statien, Lourel, Moryland

Abstract.  The mouming dove (Zencidura macreura) call-count survey is a nationwide audio-census of

breedineg mourning dwe<. ‘Recent arg
upon physiographic rez
a stratification using jnit
stratz with greater hemos

tes of the call-count routes have utilized a <tratification based
ns of the Unitd States. An wnabvsis of 3 years of call-connt data, based vpon
1 paturgl v zetation, o demonst ated that this new <tratification results in
Sy Wan the physic Ztaphae stratas provides Jower errer vurance, and hence

gencrates greater precision in the wrabvds with out an increase in call-connt routes. Frror variance was
reduced approvimately 30 porcent for the contizious United States. Thic indicates that future analysis
based upon the new stratification will result in an increased ahility te dotect significant year-to-year

changes.

Management of mourning doves in the
United States has been confined essentidly
to the control of Luurvest by hunting regula-

' Present address: East African Agr ¢nltural and
Ferestry Research Organization. Nairobi, Kenya.

tions (Ruos and Tomlincon 196S). To guide
the scettng of reculations, <ome measure of
the dircciion and magnitude of annual
change in size of population is needed. The
cali-count surves  was developed as a
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