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Figure 4. Sex ratio (mean # of females/mean #
of males) found in open water versus
macrophyte microhabitats.

dation risk, although we cannot rule out
alternative explanations.

The lack of preferential distribution
of individuals of smaller size classes in
better protected areas may indicate that
their primary predators are not gape
limited. A thorough search for piscivo-
rous fish yielded none. However, wad-
ing birds were frequently observed in
the marsh. These observations suggest
that the important predators in this
marsh, the wading birds, are not gape
limited with respect to fish of this size
range, and consequently we should not
expect to find a size difference between
habitats.
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INTRODUCTION (AAB)

~ Termites, in the order Isoptera, are
an example of eusocial insects that live
n colonies of genetically related indi-
viduals. One potential advantage of
iving in a nest is that it may provide
protection from predation. The arboreal
ocation of termite nests may reduce
predation by terrestrial-based predators,
uch as coatis. If so, we might expect
here to be greater mortality for colonies

found at smaller distances above the

ground, due to increased exposure to

terrestrial-based predators. We tested
_ this hypothesis by observing the height
of the nest from the forest floor and ex-

amining whether the nest was occupied
or unoccupied. Here, we assume that all
nest vacancies were due to predation.

Lubin and Montgomery (1983)
suggested that nest predators may not
attack the nest if there are large numbers
of chemically-defended soldier termites
present. As nest size increases, so does
the potential number of defending sol-

diers, and therefore nest size may be an-

other factor influencing predation. To
examine the relationship between size of
nest and colony mortality rates, we cen-
sused small, medium, and large nests
and also determined whether they were
Occupied or unoccupied, to find a rough
measure of nest mortality. To formalize

THE EFFECT OF TERRESTRIAL-BASED PREDATION ON TERMITE COLONY
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Abstract. The degree of predation on termite nests may be influenced by nest size and location.
We measured nest size and height for occupied and unoccupied termite nests at Palo Verde
National Park, Costa Rica. We predicted that the mean height of occupied termite nests would be
_higher than the mean height of unoccupied nests and that the mortality rate of nests would be
higher for small nests than for large nests. Our results supported these predictions, suggesting
increased protection from predation with increased size of nests and height above the forest floor.
Wediscuss possible explanations for the two effects observed. (MS)

the relationship between the number of
nests in different size classes and the
rate at which the nests became vacant
due to predation, we devised a model
with three assumptions (Appendix A):

(1) all unoccupied nests are
unoccupied due to predation,

(2) the system is stable, with the
number of nests within each size
class remaining constant over
time, and

(3) all unoccupied nests, regardless
of size, will fall out of the trees at
the same per capita rate
(attrition).

For simplicity, our model uses only two
size classes, small and large.

Our hypothesis is that the per
capita rate of becoming vacant (due to
predation) is larger for small nests than
for large nests. Using our model, we
predict that the proportion of unoccu-
pied small nests should be greater than
the proportion of unoccupied large nests
(Appendix A, equation 3).

METHODS (MS)
We observed the nests of termites

(likely Nasutitermes sp.) on 12 January
1993 in Palo Verde National Park,



Guanacaste Province, Costa Rica. We
visually estimated the height of all nests
encountered in a plot of approximately
2ha adjacent to the waterhole. We
grouped nests into small, medium, or
large size classes based on relative vol-
ume. To assure the consistency of these
size classes, the three observers first
agreed on a small, a medium, and a
large nest to serve as references for fu-
ture comparison. Where possible, we
tested for termite occupancy by insert-
ing a probe into the nest to create a win-
dow. When nests could not be reached,
we assessed occupancy by destroying a
small portion of a central covered run-
way to the nest and waited for 2min to
observe the resident termites. We also
inspected the nest carton, looking for
characteristic signs of predatory distur-
bance (i.e., large holes, fissures, or ex-
posed interiors).

RESULTS (TSB)

We examined 28 occupied nests
and 27 unoccupied nests. Of the occu-
pied nests, all but one were undamaged
(Table 1), whereas less than one-third of
unoccupied nests were undamaged (8 of
27; Table 1). This difference was statisti-
cally significant (x2=26.49, p<.005).
Thus, vacancy of nests was tightly
linked to damage.

The mean height of unoccupied
nests was significantly lower than that
for occupied nests (t=2.2, p<0.05; Table
2).

With nest data grouped into size
classes and by occupancy status, we
found that both small and medium nests
had the same number of occupied and
unoccupied nests (9 occupied, 13 unoc-

cupied for each; Table 3). There was a
statistically significant relationship be-

tween nest size class and occupancy sta-
tus (x2=5.88, p=0.05); large termite nests
had the highest frequency of occupancy.

Damaged
Undamaged 27 8

Table 1. Numbers of damaged and
undamaged termite nests categorized by
occupancy status at Palo Verde, Costa Rica.

Occupied Unoccupied
1 19

x2=26.49, p<.005

Table 2. Nest heights of occupied and
unoccupied termite nests.

Occupied Unoccupied

number 28 27
mean height  2.86 1.65
s.e. 0.10 0.04

Table 3. Numbers of termite nests in three size
classes categorized by occupancy status.

Occupied Unoccupied

Small 9 13
Medium 9 13
Large 9 2

x?=5.88, p=0.05

DISCUSSION (TSB)

Our results indicate that unoccu-

pied nests were more likely to be dam-

aged, probably as a result of predation.

However, those nests that were both

undamaged and unoccupied may also
have been victims of predation.
Predatory species such as ants can leave
a nest intact after driving out the resi-
dent termites. In our one-day study, we
witnessed the migration of army ants
from one undamaged termite nest to an-
other. Thus, our use of overt damage to
the nest structure as an indicator of pre-
dation may have been unrealistic. Also,
nest damage may have occurred after
abandonment.

The data supported our prediction
f higher nest vacancy closer to the
round. Such a pattern suggests that
higher nests are less accessible terrestrial
predators, and therefore face a lower to-
al treat of predation.

This relationship could, however,

be explained by factors other than pre-
dation. For example, unoccupied nests
_at greater heights could be more likely
to be dislodged from trees by the wind.
At a very windy site like Palo Verde,
_this mechanism might be especially im-

portant. Thus, wind could account for

an underrepresentation of unoccupied

nests at greater heights.

Our second hypothesis, showing a
significantly lower proportion of large
nests that were unoccupied relative to

‘unoccupied small nests was also sup-

ported. According to our model
(Appendix A), this relationship repre-
sents a lower rate of becoming vacant
for large nests. Larger nest sizes may
therefore deter predation.

Since we obtained the same values

_ for occupancy and vacancy for small
_and medium nests, we were able to
group them together. This implies that

there may be a size range in which a
nest becomes large and subsequently
less vulnerable to predation. There may

_even be a critical size above which the

nests are invulnerable.
The assumption in our model of a
standard per capita rate of unoccupied

nest attrition (falling out of trees) across
the size classes may also have been un-
realistic. Large nests may, in fact, be
subjected to greater wind stress and
have less structural integrity. If so,
large, unoccupied nests would be un-
derrepresented by our sampling
method, as they would fall out of trees
at a greater rate.

Although our results support our
predictions for predation intensity,
given nest height and size, there may be
other mechanisms at work that con-
tribute to the trends observed. A preda-
tor exclusion experiment could demon-
strate the importance of predation as a
determinant of nest vacancy. If results
did not show predation to be important,
higher unoccupancy for smaller nests
could alternatively be attributed to in-
traspecific competition between
colonies. Nests in the same area could
be competing for resources, and a larger
nest with a larger work force could ex-
haust the resource supply close to a
small nest, resulting in nest abandon-
ment by the small colony.
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Appendix A. Model relating numbers of nests in different size classes to nest predation
rates.

Ts
—» S| — L

Ps PL

us UL
As AL

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

S s

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).
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