Appendix A. Model relating numbers of nests in different size classes to nest predation
rates.
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INTRODUCTION (CRP)

Waterfowl, which have minimal
binocular vision, appear to depend
upon differences in apparent motion
between close and distant objects for
‘much of their depth perception (Ehrlich
et al. 1989). Since waterfowl detect
predators poorly at great distances, they
might congregate in flocks to take
advantage of a greater number of eyes
n detection of predators.

We observed group vigilance be-
havior and threat-induced responses of
black-bellied whistling ducks
(Dendrocygna autumnalis) in the open
seasonal marsh at Palo Verde, Costa
Rica. We hypothesized that:

e= rate of establishment

S= number of small nests

L= number of large nests

US= number of unoccupied small nests

UL= number of unoccupied large nests

Ts= number of small nests becoming large nests per unit time

Ps= number of small nests becoming unoccupied small nests per unit time
PL= number of large nests becoming unoccupied large nests per unit time
As= number of unoccupied small nests falling out of trees per unit time
AL= number of unoccupied large nests falling ot of trees per unit time

Assumptions:

(1) All unoccupied nests are due to predation.
(2) Pools are constant in time (e=Ts+Ps, Ts=PL+AL, PS+AS).

(3) Attrition rates per nest are equal (As/US=AL/UL). (1) a greater proportion of ducks

would be vigilant during lower
light conditions (dawn and
dusk) than during full daylight
and that

(2) larger flocks would respond to
predators at a greater distance.

METHODS (ESM)

We sampled five groups of black-
bellied whistling ducks, collecting half
of our data in the vicinity of the red bird
tower nearest the research station and
the other half from the more distant,
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Abstract. We investigated vigilance and response distance to potential threats in black-bellied
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tances from potential threats. However, this difference was not statistically significant and may
have been artifact of the sampling technique used. (LMM)

blue bird tower in Palo Verde National
Park, Costa Rica. Both towers are lo-
cated in an open seasonal marsh, where
the vegetation is comprised mainly of
Parkinsonia aculeata, Typha spp., and
sedges (Stiles and Skutch 1989). The
birds were observed easily from the
towers.

In each group studied, we counted
the total numbers of ducks in the group,
noted the number feeding, the number
of vigilant ducks, and the number of
non-vigilant ducks at sunrise, sunset,
and midday. Feeding was discerned by
dipping behavior. We classified ducks
as non-vigilant, if their heads were
tucked down against their backs.
Individuals looking around with heads
up, appearing alert were classified as
vigilant ducks. For consistency, each
behavior was recorded by the same per-
son throughout. Since the groups were
of different sizes, we converted the
numbers of ducks in each behavior cate-
gory to proportions.

After we completed the behavioral
observations, one member of the group
stalked the ducks, to simulate a preda-
tor. From the tower, we observed
changes in behavior and noted the in-
duced flight response. A marker stake
was placed by the stalker at his location
when the first birds took flight. Birds
always took flight in groups.



measurements of distance from poten-
tial threat to first flush into small flock
and large flock responses. Small flocks
were defined as those with less than 200
individuals, and large flocks were those
with more than 200. There was no sig-
nificant difference in response distance
between the two flock sizes (t=0.84,
p<0.5; Figure 2).

When all ducks in a population
had been flushed, we measured the
distance from the center of the flock to
the marker. We discarded one of the
four midday vigilance observations, due
to the presence of a raptor, a snail kite,
which even though not a duck predator
may have influenced our results. On
this occasion, the ducks were restless,
taking flight in groups, and then return-
ing.
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As hypothesized, the proportion of
ducks that were vigilant was signifi-
cantly higher at dawn and dusk than
during the higher light conditions dur-
ing the middle part of the day, as shown
by analysis of pooled data for dawn and
dusk observations (t=13.88, p<.001;
Figure 1).
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Figure 2. Response distance of different flock
sizes of black-bellied whistling ducks to an
approaching intruder.
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DISCUSSION (CRP)

Lo 2 ¢ :
=N I I R & - NS - RN

IlllllllllllllllllllllIIllllllllllllllllllllllllll

We encountered some difficulties
in comparing the response of smaller
and larger flocks to potential threats.
First, we could not find small flocks
(<200) during the dawn and dusk hours.
A possible explanation for this observa-
tion is that the ducks seek safety in
numbers when the threat of predation is
greatest, assuming predation risk is in-
deed greatest at dawn and dusk. In ad-

Pro%)rtion of Vgilant Individuals/Flock

Full Limited
Light Conditions

Figure 1. Effect of light on vigilance of flocks
of black-bellied whistling ducks.

To test our hypothesis regarding
response distance, we separated the
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ition, our method of measuring the
ean distance from the potential threat
o the middle of the flock was probably
ot adequate. The black-bellied
histling ducks never left simultane-
usly, irrespective of group size; the

_sub-groups on the outer edge, closest to
_the potential threat always took flight
first. A more appropriate measure

ould have been the distance from the
potential threat to the edge of the group

where the first ducks reacted.

A follow-up study, determining

-when the predators of these waterfowl

are most active, would yield additional
information relevant to interpreting wa-

terfowl vigilance. If such predators are

active only during the dawn and dusk
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hours, there may be a relationship be-
tween the vigilance exhibited by black-
bellied whistling ducks and predator ac-
tivity.
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