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Some wildlife investigators who have studied declining bird populations 

have reported what they consider to be aberrant reproductive behavior. For 

instance, Gress (1970) reported abnormal behavior in the California Brown 

Pelicans (Pelecanus occident&s) nesting on Anacapa Island, and Snyder 

et al. (1973) observed abnormal reproductive behavior in Cooper’s Hawks 

(Accipiter cooperii) . Th ese investigators suggested that the behavior prob- 

lems were caused by DDE residues. Effects of DDE on behavior have been 

observed in laboratory studies concerned with reproduction of birds. Lincer 

(1972) observed possible abnormal parental behavior in American Kestrels 

(Falco sparverius) treated with dietary DDE and polychlorinated biphenyls 

(PCB’s) . In our own studies with Ringed Turtle Doves (Streptopelia risoria) 
we found that DDE-treated birds in undisturbed reproductive cycles took an 

average of 2.5 times longer to renest than did control birds (Haegele and 

Hudson 1973). 

In the laboratory and field studies cited, few quantitative data were avail- 

able to test if DDE does affect reproductive behavior of birds. The purpose 

of the present study was to measure the quantitative effects of dietary DDE 
on the initial courtship behavior of male Ringed Turtle Doves. 

METHODS 

The 18 pairs of Ringed Turtle Doves used in this study were hatched and raised at the 
Denver Wildlife Research Center. Each pair had raised at least 1 young to 21 days of 
age prior to use in this study. After all 18 pairs of birds had successfully completed 1 
breeding experience, each bird was isolated from viewing others (sight isolation) for 18 

days. At the start of isolation, the outside of each wing of all males was marked with red 

ink so that we could easily distinguish the male birds when paired for courtship obser- 

vations. Lights were clock-controlled, turned on at 06:30 and off at 2090 MST and 
temperature in all rooms was maintained between 22” and 24°C. Water, food, and min- 

eralized grit were provided ad libitum. 
After the 18th day of isolation, each male dove was randomly paired with a female 

dove with which he had never previously mated, and the pairs were placed in observation 
cages for 12.5 min each day for 5 consecutive days. Courtship behavior displayed during 

this period was recorded on video tape. This procedure provided a base line for normal 
courtship behavior. In order to keep assigned pairs separate until the video tape equipment 

was in operation, each observation cage was divided by an opaque partition. These parti- 
tions were removed after our recording equipment was started. 

To quantify courtship behavior, the video tapes were later played back and the number 

of bow-coos performed by each male bird was counted for each observation period. A 
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stopwatch was used to measure total time each male bird spent in performing sexual 

behavior. The types of behavior which we timed included driving, bow-coo, wing-flip, 

hetero-preening, billing, sex-mount, and stick-nest building (Miller and Miller 1958). 

The first 30 set of video-taped behavior for all 12.5.min observation periods were not used. 

This allowed the investigator to leave the room and gave the doves time to adjust to the 

experimental conditions and their assigned mates. The video tape recorder and TV monitor 

were kept in an adjacent room so that no one was present in the room with the doves 

during a taping session. At the end of each observation period, all birds were returned 

to sight isolation until the next period. During all recording periods, each male dove was 

always paired with the same female. 

After the pretreatment data were gathered, the 18 pairs of doves were randomly assigned 

to 3 treatment groups each consisting of 6 pairs. One group was given a IO-ppm p,p’-DDE 

diet and one a 50.ppm diet dry weight basis. The remaining group served as a control 

and received an uncontaminated pigeon checkers diet. Initiation of treated diets was 

designated as day 0. Treated diets were made by adding proper amounts of DDE to ground 

Purina pigeon checkers. (T ra e names are provided for identification only. Their mention d 

does not imply endorsement of commercial products by the Federal Government.) All 

birds were fed ad libitum for 63 days at which time the study was terminated. 

The IO-ppm dietary treatment was chosen to simulate what was considered a possible 

field exposure level and the 50.ppm dietary treatment was selected to approximate the 

exposure level which adversely affected reproduction in our earlier study (Haegele and 

Hudson 1973). To minimize possible intoxication effects, both treatment levels were 

selected to be sufficiently below the 20.day LC50 value of 250-300 ppm p,p’-DDE for 

Ringed Turtle Doves, which we determined before initiating this study. 

On days 31-35 and days 59-63, all birds were again paired with the same female and 

put into observation cages for video taping of courtship behavior. All doves were kept 

in sight isolation between observation periods. After completion of the observations, on 

day 63, all birds were sacrificed and the males plucked, eviscerated, and analyzed for 

residues. AI1 birds were examined internally to confirm that they had been correctly sexed. 

One pair on the 50.ppm diet consisted of 2 males; therefore, all results for the 50.ppm 

dietary treatment are based on a sample size of 5 pairs rather than 6. 

A 3.factor analysis of variance with repeated measures on the last 2 factors (Winer 

1971) was used to determine significant differences in bow-coo frequency and total activity 

time. Factor 1 was the 3 treatments, factor 2 was the 2 time periods (days 31-35 and 

59-631, and factor 3 was the 10 l-day periods. Analysis of variance and Duncan’s new 

multiple range test were used to determine significant differences between percent lipids 

found in whole body carcasses. Residue values were determined by the method of Peterson 

et al. (1976). 

RESULTS 

The mean number of seconds of total courtship activity time displayed 

by male Ringed Turtle Doves was reduced by the DDE treatment (Fig. 1). 

Control birds increased their average courtship activity by 25% and 23%, 

respectively, for the 31-35 and 59-63 day posttreatment observation periods. 

The lo-ppm-treated birds showed no courtship activity time behavior effects 

at 31-35 days, but activity time decreased 55% from pretreatment values at 

59-63 days. The birds on the 50-ppm DDE-contaminated diet had a 30% 
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FIG. 1. Mean total courtship activity time displayed by male Ringed Turtle Doves per 
12.5.min observation period. The vertical lines indicate I+ SE. of the mean. 

reduction in activity time at 31-35 days, and a 67% reduction at days 59-63, 

when compared to pretreatment activity. The analysis of variance showed: 

(1) a significant difference among the 3 treatments (Fts, 14r = 6.58, p < 0.01)) 

(2) a significant difference between the 2 time periods (Fti,lhr = 16.51, p < 

0.005), (3) a significant difference among the 6 treatment X time period inter- 

action means (FQ 141 = 4.08, p < 0.05)) (4) a significant difference among 

the five l-day periods (Fcb,sar = 2.72, p < 0.05)) and (5) a significant differ- 

ence among the 10 time period X l-day period interaction means ( Ft4, r,61 = 

3.81, p < 0.01). In summary, Figure 1 shows that the controls maintained a 

high level of activity time for both observation periods while the treated birds 

showed a marked reduction in activity time at the 59-63-day period. These 

results indicate that the difference in activity time between the 2 observation 

periods was due to the DDE treatment over time. 

The mean bow-coo frequency by male Ringed Turtle Doves treated with 

the DDE diet was also reduced (Fig. 2). When compared with their pre- 

treatment values, the bow-coo frequency of control males increased 19% at 
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FIG. 2. Mean number of bow-coos performed by male Ringed Turtle Doves per 12.5.min 
observation period. The vertical lines indicate 2 SE. of the mean. 

31-35 days and then decreased 1% at 59-63 days. The lo-ppm group also 

increased (26%) at 31-35 days; however, after 59-63 days, the lo-ppm 

treatment had begun to affect bow-coo frequency causing a reduction to 53% 

fewer bow-coos than were observed during pretreatment observations. The 

50-ppm group had a reduced bow-coo frequency of approximately 43% during 

the first observation period and 84% during the second. The analysis of 

variance showed a significant difference among the 3 treatments (Frz,141 = 

3.58, p < 0.06) and a significant difference between the 2 time periods (Frl, 141 
= 11.05, p < 0.01). The difference between the 2 observation periods indi- 
cates that, as DDE residues were increasing in treated birds, bow-coo frequency 

was decreasing. Figure 2 shows that all groups performed fewer bow-coos at 

59-63 days than they did at 31-35 days, but the greatest changes in bow-coo 

frequency were shown by the DDE-treated groups. 

For this study, total activity time, rather than the frequency of bow-coos, 

was probably a more sensitive index to the effects of the treated diet. Whereas 

bow-coos are only an early segment of courtship behavior displayed by male 
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TABLE 1 

PERCENT BODY WEIGHT Loss OF RINGED TURTLE DOVES DURING THE STUDY (O-63 DAYS) 

Dietary 
DDE treatment 

Males Females 
Mean percent body Mean percent body 

N weight loss (S.E.) weight loss (S.E.) 

0 ppm 

10 PPm 

50 PPm 

6 6.0 (3.4) 5.3 (3.7) 

6 7.7 (2.7) 11.7 (6.2) 

5 12.5 (10.6) 14.1 (7.9) 

Ringed Turtle Doves, total activity time took into account all types of court- 

ship behavior occurring during the observation period, such as nest site 

selection, wing-flipping, hetero-preening, billing, driving, bow-cooing, and 
copulation. The fact that male Ringed Turtle Doves could bow-coo infrequently 

during the observation period but still score very high in total time spent in 

courtship activity explains why our control birds showed a 1% decrease in 

bow-coo frequency at 59-63 days and yet had an increase of 23% in activity 
time during the same period (Figs. 1 and 2). 

Body weight losses for both the male and female Ringed Turtle Doves are 

given in Table 1. All birds tended to lose weight during the study. A small 

amount of weight loss during isolation seems to be normal. We have usually 

observed this effect in our laboratory when we have isolated doves for any 
extended period of time. Although the doves fed 50 ppm DDE weighed 

somewhat less than others at the termination of the experiment, group differ- 

ences were not statistically significant. 
Brain and whole-body DDE residues, along with lipid values, are given 

in Table 2. Small amounts of Aroclor 1254~like residues, which could have 

accumulated from small amounts of background contamination in the feed, 

were also found in all birds. Although there may be a possibility of PCB’s 

acting synergistically with DDE, the levels found in the different treatment 

groups, including controls, were probably too low (0.80 to 0.86 ppm wet 

weight) to affect the results. The percentage whole-body lipid in the male 

Ringed Turtle Doves was significantly (p < 0.05) reduced by the diets con- 

taminated with DDE. The standard errors for whole-body lipids were 0.5, 

1.2, and 1.3 for the controls, lo-ppm DDE and 50-ppm treatment groups, 

respectively. Thus, DDE treatment not only reduced the percentage whole- 

body lipid found in male Ringed Turtle Doves, but it also increased the 

within-treatment variance of percentage whole-body lipids. The percentage 

lipid in brain tissue, not included in the whole-body lipid determination, was 

constant regardless of treatment (Table 2). 
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TABLE 2 

DDE RESIDUES FOUND IN MALE RINGED TURTLE DOVES AFTER 63 DAYS OF DIETARY 

TREATMENT 

Brain 

Dietary 
DDE treatment 

ppm li id Percent 
N w&G (2%. ) weight ( 8 .E.) lipid (SE. ) 

0 PPm 6 0.09 (0.02) 1.6 (0.3) 6.7 (0.2) 

10 PPm 6 2.9 (0.5) 40.9 (7.1) 7.0 (0.0) 

50 PPm 5 7.6 (0.9) 116 (14.6) 6.6 (0.2) 

Whole body 

ppm wet ppm lipid Percent 
weight (S.E.) weight (S.E.) lipid* (LE.) 

0 PPm 6 0.39 (0.16) 1.8 (1.8) 13.4” (0.5) 

10 mm 6 37.8 (4.4) 446 (108) 9.9bC1.2) 

50 mm 5 153 (25.2) 2477 (1107) 8.CC1.3) 

* Those % li id values with different letters as superscripts are significantly different from each 
other (p < 0.04- Duncan’s New Multiple Range Test. 

DISCUSSION 

Throughout this study, we continued the exposure to the DDE-treated diet 

and did not assess whether or not or how long it would take for the birds to 

recover from the treatment. It is not common for a population of wild birds 

to be continually exposed to levels of DDE of the same magnitude as were 
used in our experiment. Yet, it is not unusual for wild birds to be exposed 

to levels of DDE equal to our lo-ppm (dry weight) contaminated diet for 
fairly long periods of time during some part of the year and build up body 

residues equal to or greater than those found in our lo-ppm birds (Table 2). 

Some examples are Brown Pelicans (Keith et al. 1970), Prairie Falcons 

(F&o mexicanus) (Enderson and Berger 1970)) and Peregrines (F&o 

peregrinus) (Lincer et al. 1970, Cade et al. 1968, Enderson and Berger 1968). 

This study supplements our earlier work (Haegele and Hudson 1973) by 

showing that dietary DDE at low levels can adversely affect sexual behavior 

and performance in Ringed Turtle Doves. The 40-ppm DDE-contaminated 

diet in our earlier study caused a significant delay in renesting and an 

abundance of single-egg clutches. This delay in renesting could have been 

caused by a reduction in courtship behavior displayed by the male Ringed 

Turtle Doves treated with DDE. 

The l-egg clutches observed in our 1973 study could also have been caused 
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by behavioral effects of DDE. Courtship and nest building behavior are very 
important in stimulating the female Ringed Turtle Dove to ovulate and lay 

eggs (Lehrman et al. 1961, Lehrman 1965). The DDE diet could have 

reduced male and female Ringed Turtle Dove courtship behavior to a level 

that was insufficient to cause normal egg laying. Embryo development was 

absent in the eggs from single-egg clutches after 18 days of incubation (14 

days is the normal incubation period) ; this suggests that the pairs of doves 

with infertile single-egg clutches never copulated before egg laying. The fact 

that these birds may not have copulated could be related to DDE effects on 
reproductive behavior. 

The reduced intensity of male Ringed Turtle Dove courtship behavior 
observed in this study supports the suggestion that DDE accumulation in 

wild birds is causing aberrant reproductive behavior and thereby reducing 

fecundity. Gress (1970) reported what he felt was aberrant reproductive 

behavior in Brown Peiicans, and he believed that the presence of large amounts 

of chlorinated hydrocarbon residues found in pelican tissue should be con- 

sidered as a potential cause of this erratic behavior. Snyder et al. (1973) 

suggested that the disturbed behavior they observed in Cooper’s Hawks might 

also have been linked to DDE residues present. Switzer et al. (1971) felt 

that the cause for the low reproductive success of their study population of 
Common Terns (Sterna hiru&o) was attributable to aberrant reproductive 

behavior caused by DDE residues. Koeman et al. (1972) state that in their 

study 60% and probably 80% of the reproductive failures were caused by 
some intrinsic derailing factor in the Sparrow Hawk’s (Accipiter nisus) 

breeding process. They felt this might be caused by DDE residues the birds 
were carrying. 

All of the above examples suggest that some wild populations of birds 

contaminated with DDE are showing altered reproductive behavior and con- 
sequent reproductive failure. Judging from the effects dietary DDE had on 

courtship behavior of male Ringed Turtle Doves in our study, it is likely 

that DDE is affecting behavior in wild birds such as those mentioned above. 

The subsequent degree of reproductive inhibition may depend on the impor- 

tance and complexity of courtship behavior for different species. Whether 

other pollutants may contribute to these reproductive failures cannot be 

answered without further study, but DDE may be the most important factor. 

A possible mechanism for DDE effects on reproductive behavior has been 

suggested by Peakall (1970). H e f ound that Ringed Turtle Doves treated 

daily with DDT had significantly lower estradiol levels in the blood associated 

with increased hepatic enzyme activities. Since DDE is also a microsomal 

enzyme inducer (Conney et al. 1967)) it could be influencing reproductive 

behavior in the same manner as DDT. However, no study to date has demon- 
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strated a sequential occurrence of elevated hepatic microsomal enzyme activity, 

reduced circulating levels of sex hormones, and altered reproductive behavior 

in the same birds. 

The results of this study demonstrated that environmental levels of dietary 

DDE can lower the intensity of courtship behavior in male Ringed Turtle 

Doves. Therefore, we feel that DDE might indeed be a significant factor 

contributing to reproductive failure in wild birds. 

SUMMARY 

The effects of p,p’-DDE on the intensity of male Ringed Turtle Doves’ courtship behavior 
were determined for dietary levels of 10 ppm and 50 ppm (dry weight). Pairs of doves 
were placed in cages for 12.5 min on 5 consecutive days for behavioral observation before 
dietary treatment and for periods 31-35 and 5963 days after initiation of the treated diet. 
Total amount of time spent displaying courtship behavior and bow-coo frequency were 
analyzed through video tape recording. 

The 50.ppm diet caused a reduction in total courtship activity time and in bow-coo 
frequency for both posttreatment observation periods. The IO-ppm diet did not affect 
bow-coo frequency and total activity time at 31-35 days but did cause a significant 
reduction in courtship behavior during the 59-63.day observation period. The DDE 
residues found in the male Ringed Turtle Doves showing reduced courtship behavior 
were lower than residues found in many species of birds that have shown reproductive 
failures in the wild. 
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