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without ripe fruit. The occurrence of a superabundant food source in close proximity to a territory may
elicit divergent foraging strategies from the same individual. Plasticity in foraging behavior and social
organization was also described in the White Wagtail (Motacille alba) (Zahavi 1971) and the Acorn
Woodpecker (Melanerpes formicivorus) (Stacey and Bock 1978). The distribution and abundance of food
also seem to be the main factors determining the strategies used by these birds.
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One version of the “many eyes hypothesis” proposes that flocking is advantageous, because an indi-
vidual group member may spend less time scanning for predators and more time feeding than a solitary
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(Pulliam 1973). A number of species allocate time to these behaviors in a manner dependent on flock
size, as predicted by the hypothesis (reviewed by Lazarus 1979; Caraco 1979a, Barnard 1980, Bertram
1980). The advantages of group membership may be partially offset, however, when flock members
expend time and energy fighting one another (Pulliam 1976, Caraco 1979b).

For several years we have studied winter flocks of the Yellow-eyed Junco (Junco phaeonotus). The
population is characterized by a linear dominance hierarchy, and dominants defend patches of higher
seed density. Dominants may promote their long-term survivorship by aggressively reducing flock size
and thereby conserving food for future consumption (Fretwell 1972). The relative advantages of flocking
to lower ranking birds, then, may depend on the decrease in scanning time versus the increase in
interference time as flock size increases. This comparison depends on several environmental variables,
because time budgets vary not only with flock size, but with ambient temperature, seed density, and the
proximity of a raptor (Caraco 1979a, Caraco et al. 1980).

Barnard (1980) finds that an individual in a flock of any given size scans for predators more often as
the distance to cover increases. When foraging far from cover, individuals are likely to scan for predators
more often and reduce fighting, because earlier detection of a predator should be required to maintain
an acceptable probability of escaping an attack. If the reduction in aggression far from cover results in
increased feeding time, flock size should increase with distance from cover. If increased scanning far
from cover results in a decrease in feeding time as well as aggression, however, flock size should be
smaller far from cover. To examine these possibilities, we manipulated the availability of cover from
predators.

We baited a small area (3 m? with millet (Panicum miliaceum) and replenished the food every other
day. The nearest natural cover was 6 m away. At natural feeding sites the mean distance from the center
of a junco flock to cover is 2.9 m. We recorded behavioral data for 5 days (before cover treatment) and
then mounted a small fir tree (Abies sp.), 1.5 m high, on a stand next to the baited area. The juncos
readily flew into the tree when flushed. We recorded behavioral data for 10 days with the tree in place
(with cover treatment). Finally, we removed the tree and recorded observations for another 10 days (after
cover treatment). Because junco flocking behavior is temperature dependent (Caraco 1979a), we restricted
data collection to temperatures of 3—6°C and 12-15°C.

To estimate time budgets, we first noted flock size and then recorded the behavior of randomly selected
focal animals (Altmann 1974) at 15-s intervals. Each observation categorized the behavior as feeding
(search for and handling of seeds), scanning for predators, or interference (aggressive interaction and
quick movement away from nearby birds). The behavioral states are defined to be mutually exclusive
and exhaustive. The different categories are distinguished easily in this species.

Flock size was recorded every 30-s. We entered a zero if the site was unoccupied. Whenever the site
was unoccupied, we recorded the elapsed time until a junco arrived at the site to forage. These data
allowed us to estimate the arrival rate at a flock size of zero birds. The arrival rate at zero should provide
a measure of site quality, independent of the attraction or repulsion of any birds feeding at the site
(Caraco 1980). We suspected that site quality measured in this way would decrease with lack of cover.

Table 1 summarizes time budgets for the various temperature-cover treatments. Data are provided for
flock sizes 1, 3 or 4, and 6 or 7 birds. In general, when cover was available, the juncos spent less time
scanning and more time in interference. Comparing With Cover and No Cover (i.e. Before and After
Cover) treatments at 3—-6°C, we found that the proportion of an individual’s time spent scanning was
significantly less with cover for solitaries (P < 0.005, likelihood ratio test) and for flocks of 3 or 4 (P <
0.025). Individuals in flocks of 6 or 7 scanned less often with cover present, but the difference was not
statistically significant. At 12-15°C, the proportion of time spent scanning when cover was present was
significantly less than the estimate without cover for flocks of 3 or 4 (P <€ 0.05) and for flocks of 6 or 7
(P < 0.005). Solitaries scanned more often without cover, but the difference was not statistically signif-
icant. At both temperatures individuals in multi-member groups spent less time in interference when
cover was not available.

When cover was present, the decrease in scanning as flock size increased was approximately the same
as the increase in interference time, so that time feeding was independent of flock size. When cover was
absent, however, the average feeding time for an individual in a flock was greater than a solitary’s
feeding time in seven or eight possible comparisons (within both temperature and separate cover treat-
ment, but across flock size). Thus, flocking may confer a net advantage (at least for subordinates) when
individuals exploit resources in an area without nearby cover (Fretwell 1972). As distance to cover
increases, scanning increases in any given flock size, and interference, constrained by the immediate
requirements of predator avoidance and feeding, decreases.
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TABLE 1. Time budgets for different temperature-cover treatments. 7 is the proportion of time spent
scanning for predators; T is the proportion of time spent feeding; 7 is the proportion of time spent
in interference. » is the sample size. The standard error of flock size is given.

Flock size
Temperature
and cover 1 3-4 67 Mean flock size
3-6°C

Before cover Ts 0.66 0.48 0.34
Ty 0.34 0.47 0.57 A
T, 0.00 0.05 0.09 G =149x021
n 61 106 100

With cover Ts 0.45 0.40 0.31
Te 0.55 0.50 0.53 A
T, 0.00 0.10 0.16 G =259%031
n 132 156 135

After cover T 0.62 0.60 0.46
Tr 0.38 0.38 0.42 A _
T, 0.00 0.02 0.12 G =150 +031
n 62 61 67

12-15°C

Before cover Ts 0.59 0.35 0.35
Ty 0.41 0.52 0.47 A _
T, 0.00 0.13 0.18 G =0922023
n 22 23 17

With cover T 0.55 0.29 0.12
Ty 0.45 0.52 0.51 A
T, 0.00 0.19 0.37 G =221%017
n 212 304 140

After cover Tq 0.70 0.45 0.34
Te 0.30 0.47 0.44 A _
T, 0.00 0.08 0.22 G =134x016
n 23 49 136

Now, we consider whether a bird should forage near cover or far from cover by comparing feeding
time with and without cover available. The juncos spent less time in interference when the tree was not
present, but this advantage was outweighed by the disadvantage of increased scanning time. Even though
interference time was greater with cover available, seven or eight comparisons for multi-member flocks
(within temperature and within group size, but across cover treatment) show that feeding time was still
greater with nearby cover provided. Presented with a choice between feeding sites near and far from
cover, juncos prefer sites close to cover despite the greater level of aggression. This preference is reflected
in the arrival rate when group size is zero. With cover available, an average of 0.32 birds/min (95%
confidence interval: 0.23-0.41) arrived when no other birds were present, as compared to 0.19 birds/min
(0.14-0.25) before the tree was present and 0.21 birds/min (0.14-0.25) after it was removed. Because the
site was more often left unattended when cover was not available, the average group size was larger
when the tree was present (see Table 1). Therefore, even though aggression was greater with cover
available, flocks were larger, because (we believe) feeding time was also greater, and nearby cover
provided greater protection from predation.

Distance to cover influences the quality of a foraging site, and juncos’ time budgets vary predictably
with distance to cover. When juncos are far from cover, scanning increases and aggression decreases. In
small flocks, however, the decrease in aggression does not compensate for the increase in scanning, and
feeding time decreases far from cover. Distance to cover is, then, another variable affecting junco flock
size, and its impact is mediated, at least in part, through variation in time budgets.

We thank T. S. Whittam and W. A. Cornell for assistance. This study was supported by a U.S.
National Science Foundation grant (DEB77-0341) to H. R. Pulliam.
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Forced copulation (FC) has been reported in a number of avian families but it is especially well known
in waterfowl] (family Anatidae). Often this behavior has been called “rape” in the bird literature, but we
feel that it is best to avoid this controversial term. In contrast to pair copulations, which are typically
preceded by characteristic displays by both sexes, FCs are preceded by active pursuit, grasping, and
overpowering of the female. Ever since Heinroth (1910, 1911) drew attention to this phenomenon, there
has been controversy about its significance, especially in the Mallard (Anas platyrhynchos) and other
dabbling ducks (tribe Anatini). Geyr von Schweppenberg (1924) thought that it occurs after females start
incubating and are no longer available to satisfy the sexual urges of males. Christoleit (1929a,b) believed
that females do not really try to escape but rather encourage males to chase them and to compete for
copulations, thereby ensuring fertilization by the strongest male. Weidmann (1956) concluded that FC is
associated with territoriality and is a mechanism whereby a male discourages other pairs from settling
on his breeding area. Bezzel (1959) and Wiist (1960) doubted that it is common enough in wild birds to
be of significance, and they attributed its occurrence in parks and zoos to abnormally high densities of
birds.

In a key study of wild Pintails (4. acuta), Smith (1968) demonstrated that aerial pursuits (including
FC attempts) peaked in frequency during the egg-laying period, and he suggested that these copulations
could be related to fertilization of eggs. Reports that male urban Mallards make FC attempts on their
own mates (Bezzel 1959, Raitasuo 1964) have been confirmed by recent studies, and the occurrence of
such imposed pair copulations soon after a female has been subjected to FC strongly suggests that sperm
competition is going on [Barrett 1973, Barash 1977 for Mallards; McKinney 1975, McKinney and Stolen
in prep., for Green-winged Teal (4. crecca)]. The experiment on captive Mallards by Elder and Weller
(1954), in which they removed males from their mates and checked the fertility of eggs subsequently laid,
had already shown that females can store sperm for up to 10 days. Thus, at least in certain species of



