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ABSTRACT.-In a population of Merlins nesting on the Canadian prairies, 
the eggs of females with large DDE burdens had significantly lower quality 
shells, disappeared more frequently, and hatched less frequently than normal. 
Few of the behavioral responses of such females to territorial intrusions ap- 
peared to be significantly altered. We conclude that the changes in nest site 
defense which accompany DDE contamination are of minor importance in 
the associated reproductive failure of falcons. 

Laboratory studies of the effects of organo- 
chlorine pollutants on avian reproduction 
have frequently revealed behavioral abnor- 
malities in the adults (Jeffries 1971, Peakall 
and Peakall 1973, Winn 1973, Haegele and 
Hudson 1977). Studies of heavily contami- 
nated wild birds indicate that behavioral 
abnormalities may be a significant factor in 
reproductive failure (Milstein et al. 1970, 
Snyder et al. 1973, Fyfe et al. 1976, Fox et 
al. 1978). We present here the first field 
study in which the behavior of nesting fe- 
males with various degrees of organochlo- 
rine contamination in a single population is 
compared, and we discuss the relationship 
to reproductive success. 

The Merlin (F&o columbarius), like its 
congener the Peregrine (F. peregrinus), is 
heavily contaminated with, and sensitive to, 
organochlorine pollutants (Temple 1972, 
Fyfe et al. 1976, Newton et al. 1978, Fox 
1979). Over the past decade the Canadian 
Wildlife Service has studied contaminant 
levels and reproductive success of this 
species on the grasslands of southeastern 
Alberta. Early in these investigations Fyfe 
et al. (1976) observed that pairs whose eggs 
contained high levels of organochlorine pol- 
lutants (predominantly P’,P’-DDE) desert- 
ed their clutches more frequently and de- 
fended their nests less actively than less 
contaminated pairs. In 1975 and 1976, we 
attempted to quantify these differences. 

METHODS 

All known nesting sites of Merlins in the study area 
located in southeastern Alberta were checked for oc- 
cupancy. The eggshell quality of all clutches (n = 22, 
1975; n = 29, 1976) was determined using the nondes- 
tructive beta-backscatter method. Backscattering is a 
simultaneous measure of thickness, density and ultra- 
structure and is highly correlated with the thickness 
index of Merlin eggshells (Fox et al. 1975). The clutch- 
es were ranked according to eggshell quality. Each 

year, the five clutches with the lowest shell quality and 
the five clutches with the highest shell quality were 
selected for study. If any clutch was lost prior to be- 
havioral testing, the unused clutch next in rank was 
substituted into the appropriate test group. One egg 
was collected at random from all test clutches for de- 
termination of thickness index (Ratcliffe 1967) and or- 
ganochlorine content (Reynolds and Cooper 1975). 
Since shell quality and organochlorine content of the 
egg reflect the pollutant burden of the female at laying, 
and no measure of contamination was available for the 
males, the quantification of behavior was confined to 
the females. 

Aerial attacks (stooping) and vocalizations of females 
were studied under three experimental situations: (1) 
the incidence of stooping and vocalization during our 
visit to determine shell quality mid-incubation, (2) the 
number and intensity (closeness to the intruder) of 
stoops, and the incidence and percentage of the time 
the female vocalized per minute (intensity) in a 20-min 
observation period were recorded while a live adult 
female Merlin was tethered near the nest site when 
young were about two weeks old, and (3) while, in 
1975, a live adult Ferruginous Hawk (Buteo regalis) 
or, in 1976, a Red-tailed Hawk (ES. jamaicensis), was 
tethered in the same position on another visit less than 
96 h later. Stoops were classified as “weak” if the Mer- 
lin did not come closer to the intruder than 3 m, “mod- 
erate” if between 2 and 3 m, and “extreme” if closer 
than 1 m. Vocalization was classified as “infrequent” 
if the Merlin called for less than 20 s per minute, “in- 
termittent” if it called 20-40 s per minute, and “con- 
tinuous” if it called more than 40 s per minute of 
observation. The “intruders” were tethered at 
approximately the same distance from each nest, on 
portable perches which were used at all nest sites, thus 
standardizing the variables of visibility, height and dis- 
tance from the nest. Observations of reactions to teth- 
ered birds were made from a seated position in the 
open approximately 250 m from the nest site and re- 
corded on a coded data sheet. In both years, all tests 
of an experimental situation were conducted on all 
pairs within a 72 h period. For statistical analysis the 
data for both years were pooled and the 10 pairs with 
the highest DDE content in their eggs were designated 
the “contaminated” group; the remaining IO nests 
were designated the “uncontaminated” group. Non- 
parametric statistics were used throughout. 

RESULTS AND DISCUSSION 

In only three of 12 comparisons were there 
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TABLE 1. Differences in the behavior of “contaminated” and “uncontaminated” female Merlins in response 
to territorial intrusion. 

Condition of female 

Intruder RtXp”“Se “Uncontaminated” “Contaminated” P” 

Human Attacked 4110 4110 - 
Vocalized 6110 9/10 0.25 < P < 0.50 

Merlin Attacked 7110 9/10 0.25 < P < 0.50 
Frequency of attack!’ 8.8 16.3 P = 0.25 
Intensitv of attackc l-6-8 1 12-27-124 0.005 < P < 0.01 
Vocalized 
Intensity of vocalizationd 

lO/lO 919 
63.5-61-17.5 63.5-39-22.5 

- 

0.10 < P < 0.25 

Buteo Attacked lO/lO 7110 0.10 < P < 0.25 
Frequency of attack 49.3 32.1 0.90 < P < 0.75 
Intensity of attack 33-90-370 11-21-225 P < 0.005 
Vocalized lO/lO 7/10 0.10 < P < 0.25 
Intensity of vocalization 64-88.5-82 69-55-50.5 0.025 < P < 0.05 

a Statistical significance based on Fisher exact or chi-s uare test. 
h Mean number of attacks in 20-min observation perio 3 
f Total number of stoops of weak, moderate and extreme intensity in 20.min observation period. 
o Total number of minutes of infrequent, intermittent and continuous vocalization in 20-min observation period. 

significant differences in the behavioral re- 
sponse of “uncontaminated” and “contam- 
inated” females (Table 1). This is in sharp 
contrast to the differences observed in shell 
quality and reproductive performance (Ta- 
ble 2). Although the differences in response 
to the human intruder were not statistically 
significant, the belligerent aerial attack 
more prevalent in the “uncontaminated” 
Merlins deterred our activities far more ef- 
fectively than the passive vocalization fre- 
quently uttered by “contaminated” individ- 
uals. “Contaminated” females attacked the 
tethered Merlin more frequently than “un- 
contaminated” females, but their stoops 
were significantly less intense and their 
vocalizations less frequent. Some “uncon- 
taminated” females struck the tethered 
Merlin repeatedly and some grappled with 
it on the ground. Two of 10 “contaminated” 
females incubated in the presence of the 
tethered buteo. Those “contaminated” fe- 
males that did attack did so with signifi- 
cantly more intense stoops and significantly 
less vocalization. We repeatedly saw one or 
both members of a pair vigorously attack 
perched or flying buteos of both species 
near the nest site. An aerial attack demands 
more energy and is more dangerous to the 
attacker than a vocal protest. It is nonethe- 
less much more effective in driving an in- 
truder from the territory. 

Female Merlins become more reluctant 
to leave the nest as incubation progresses 
but may protest intrusions vocally. Nest de- 
fense is most intense when young are half 
grown. Significantly more “contaminated” 
than “uncontaminated” females were in 
their first week of incubation when the re- 
sponse to human intrusion was measured 

but no such bias was apparent in the age of 
the chicks when testing with the tethered 
Merlin and buteo took place. 

Fyfe et al. (1976) found significantly 
higher DDE residues in the eggs of pairs 
that were absent from the territory when the 
egg was collected than in eggs from sites 
where one or both adults attacked the in- 
truding investigator. Those pairs in which 
one or both adults vocalized and remained 
in the area but did not attack, or in pairs 
where both adults left the immediate area 
had DDE burdens which were intermedi- 
ate in concentration. This implies an in- 
verse relationship between DDE burden 
and the intensity of nest site defense. No 
such statistical relationship was found in 
the present study. However, 18 of the 20 
pairs studied would be classified as “ag- 
gressive” by Fyfe et al. 

We had no measure of the pollutant bur- 
den in the mates of females observed in this 
study. There is no reason to assume that 
mating is not random as to pollutant burden. 
Male Merlins show site-tenacity; females 
do not and the pair bond is not permanent 
(Hodson 1975). Mates of females studied 
showed no obvious differences between the 
“contaminated” and “uncontaminated” 
group. Males and females differed marked- 
ly, however, in response to the territorial 
intrusions. In 42% of the intrusions (n = 45) 
males vocalized and attacked whereas in 
74% of the intrusions (n = 47) the females 
responded in this manner (P < 0.005). This 
lack of aggression on the part of males con- 
trasts with Fox’s observations of this species 
in the late 1950’s before reproductive fail- 
ure was noted (Fox 1964). Similarly, aggres- 
sive behavior has decreased in male Pere- 
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TABLE 2. Differences in the reproductive performance of “contaminated” and “uncontaminated” female Mer- 
lins subjected to behavioral testing and the shell quality and residue content of their eggs. 

“Uncontaminated” “Contaminated” P’ 

Nests 

Eggs 
Eggs disappeared 
Eggs hatched 
Young fledged 
Thickness index 
DDE 
Dieldrin 
Heptachlor Epoxide 
PCB 
Total mercury 

10 
41 

1(2%) 
37 (90%) 
37 (100%) 

1.20 (1.12-1.42)” 
2.81 (0.98-6.02)” 
0.13 (tr-0.83) 
0.45 (tr-1.18) 
1.01 (0.22-2.91) 
0.04 (0.02-0.09) 

10 
34 

9 (27%) P < 0.005 
9 (56%) P < 0.005 

19 (100%) - 
1.00 (0.88-1.31) P < 0.002 
16.6 (6.56-90.9) P < 0.001 
0.25 (tr-1.25) 
0.56 (0.30-6.16) 
1.01 (0.50-1.88j 
1.10 (0.03-0.14) 

P > 0.05 
P > 0.05 
P > 0.05 
P > 0.05 

a Statistical significance based m chi-square or Mann-Whitney statistic 
b Median (range). 
e Residues reported as median (range) m a ppm wet-weight basis. 

grines nesting along the Coleville River been insufficiently nourished to breed, or 
between the 1950’s and 1970’s (T. Cade, their pair bond and nesting drive may have 
pers. comm.). We can only speculate that been inadequate. Possibly the most aber- 
these behavioral changes have a common rant individuals in the population were not 
cause. observed in this study. 

The eggshells of the “uncontaminated” 
group were 10% thinner than the pre-DDT 
mean for this geographical population in 
contrast to those of the “contaminated” 
group whose shells were 25% thinner (Ta- 
ble 2). The thickness index was inversely 
correlated with DDE content (T, = -0.806, 
P < 0.01). Of the pollutant residues mea- 
sured, DDE was the only one that was pres- 
ent in significantly higher concentrations in 
the “contaminated” group (Table 2). 

One of the 10 nests with the highest shell 
quality failed prior to behavioral testing, 
compared to four of the 10 nests with the 
lowest shell quality. A much larger propor- 
tion of the eggs of “contaminated” females 
disappeared (Table 2). These losses includ- 
ed both partial and complete clutches and 
may reflect decreased nesting drive result- 
ing in increased desertion and less effective 
nest defense against predators. 

Although it is assumed that many females 
who abandon nest sites prior to egg-laying 
are heavily contaminated with organochlo- 
rines, this relationship cannot be estab- 
lished from field studies. Failure of territo- 
rial pairs to lay eggs was a major cause of 
reproductive failure of the European Spar- 
rowhawk (Accipiter nisus) in Scotland and 
was attributed to scarcity of food (Newton 
1976). As many as 37% of Merlin nesting 
sites that showed signs of occupancy early 
in the season, both in England (Newton et 
al. 1978) and on our study area (Hodson 
1975), do not have active nests after the ma- 
jority of the population has laid. The birds 
at these sites may not have found mates, 
may have nested at alternate sites, may have 

When food is scarce, birds may spend 
more time foraging and nest defense may 
be decreased to conserve energy. Hence, 
lipid reserves may be depleted while the 
levels of circulating organochlorine resi- 
dues are increased. However, we saw no in- 
dication that the prey populations were in- 
adequate (Hodson 1975). Abnormal nest 
defense has been reported in Lake Ontario 
Herring Gulls (Larus argentatus), which 
are heavily contaminated with organochlo- 
rine pollutants (Fox et al. 1978), and in fe- 
male Mallards (Anus plutyrhynchos) dosed 
with dieldrin (Winn 1973). Dieldrin-dosed 
male Mallards exhibiting less territoriality 
and aggressiveness in an experimental are- 
na had decreased levels of three neurotrans- 
mitting biogenic amines in their brains 
(Sharma et al. 1976); however, the physio- 
logical basis for the behavioral abnormali- 
ties observed in field studies has yet to be 
established. 
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