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ABSTRACT

Predation by rodents on seeds of Scheelea zonensis was studied on Barro Colorado Island, Panama, during the latter
half of this palm's fruiting season. The number of Seheelea bearing fruit declined steadily during this period, The
proportion of both intact and bruchid-infested seeds among those accumulated under fruiting Srbeefes declined, while
the proportion of gnawed seeds increased. By early October, 87 percent of the Scheelea seeds sampled had been
gnawed by rodents, and few intact or bruchid-infested seeds remained below parent palms. From August through
October, agoutis, Dasyprocia punciata, visiced Scheelea less and less frequently, while visics by squirrels, Seinrs
granatensis, did noc decline. To learn the fate of late-falling Scheelea seeds, we placed small piles of thread-marked
seeds. each similar to a small Scheeles fruit crop, in the forest during three successive months, a total of 400 seed
each month. Of these 1200 thread-marked seeds, 57.2 percent were retrieved within 20 m of their piles 7 days after
placement. Of the retrieved seeds, 22.2 percent were gnawed within 1 m of cheir pile, 70.6 percent were carried
berween 1 and 20 m before gnawing, and 7.2 petcent were cached (not gnawed, bur buried in the ground or covered
with litter). More seeds were gnawed, and fewer cached, in September and Ocrober chan in August. On Barro
Colorado Island, intense seed predation by rodents on Scheelea correlates with a previously documented forestwide
low in availability of fruits of all kinds, and with a decline in egg laying by bruchids.
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IN CENTRAL AMERICA, BEETLES AND MAMMALS attack
seeds of Scheelea palms at different rates ac different
times of year and in different habitars. On Barro
Colorado Island (BCI), Panama, rodents destroy
most of the seeds of Scheelea zomensis (Heaney &
Thorington 1978:; Glanz e 4/. 1982, Smythe ¢t
/. 1982). In some Costa Rican sites which appear
to have fewer seed-eating mammals, bruchid weevils
are the primary predators on seeds of Scheelea ror-
trata (Janzen 1971, Wilson & Janzen 1972, Brad-
ford & Smith 1977}, one auchoricy is lumping
Scheelea rostrata with Panama’s Scheelea zonensis
and ather species under the name of Arrzlea buty
racea (Robin Foster, pers. camin,). The contrast
between Costa Rica and BCI suggests that BCI's
rodents might limir populations of Scheelea-specific
bruchids by eating so many Scheslea seeds (¢f. Her-
rera 1989).

On BCI Scheelea drops fruic from May, when
fruit of all kinds is abundanc in the forest, through
October, by which time the forest is very short of
fruit, and mammals ear nearly every Scheelea fruic
soon after it falls (Glanz ez a4/, 1982, Smythe er /.
1982, De Steven er #/. 1987). Wright (1990) ob-
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served that Scheelea fruits falling late in the season
on BCE, when one would expect mammals to be
removing mosr falling fruir, were nor attacked by
bruchids even when protected against vertebraces.
This resule is consiszenc with Janzen's (1971) ob-
servation in Costa Rica thar few of the late-fallen
Scheelea fruits (Janzen's newly fallen endocarps, col-
lected in September, Table 1) were infested by bru-
chids, even after a month of lying below the parent,
while many of these fruits appeared viable. Wright
(1990) proposed that progressive brachid satiation
during Scheelea fruiting caused the steep decline in
bruchid oviposition. Both Janzen's and Wright's
studies however suggest thar bruchid life history
might have been selected to avoid the season of
most intense mammal activity.,

In this study we documenr the fate of failen
Scheelea fruit and the behavior of diumnal rodents
duting the later parc of the fruiting season of the
palm, i.e., just before the end of August, when, as
a rule, food for frugivores is abundant, through
Ocrober when rodents are short of food. We took
periodic records of the number of Scheelea trees
bearing fruit, the proportion of fallen fruic griawed
by rodents, the proportion infested by bruchids, che
frequency of diumal rodents visiting Scéeelea palms,
and their behavior, whether foraging or eating. In
addition, we examined the fate of seeds ar several
experimental feeding sites during the same period.
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STUDY SITE

The seudy was carried our on Barro Colorado Island,
Panama (9°09'N, 79°51°W), The dimate on BC]
is seasonal with a well-marked dry season, of vari-
able length and intensity, usually extending from
December or January to April or May (Windsor
1990). Rainfall averages 2616 mm/yr (Rand &
Rand 1982). BCI's tropical forest includes young
stands about 100 yr old and primary forest several
centuties old (Foster & Brokaw 1982, Piperno
1990). The number of fruiting species peaks twice,
first in April and May (wind and animal dispersed
species) and again in September and Ocrober (an-
imal dispersed species) (Foster 1982a), Despite the
second fruit diversity peak, overall fruic biomass
becomes scarce on BCI by mid-August and contin-
ues through March (Smythe 1970, 1978). BCI
supports dense populations of the twao principal
vertebrate consumers of Scheelea seeds, i.e., the rer-
restrial agoud, Dasyprocta punctata, and arboreal
red-tailed squitrel, Scinrus granatensis (Glanz er al.
1982, Smythe et a/. 1982). The nocturnal spiny
rat, Proechimys semispinosus, is a potential predacor
on Scheelea seeds, but the biomass of Proechimys on
BCl is much lower than that of agoutis and squirrels
(see Glanz 1990), so Proechimys probably eat far
fewer Schselea seeds than these others. The few
trustworthy data on the diet of pacas, Agowri paca,
suggest that it prefers soft fruir parts and cannot
gnaw the very hard seeds of Scheeles. Unlike most
rodents, pacas do not store food in hoards. Plant
species nomenclature follows Croar (1978).

METHODS

SEED PRECATION BELOW PALMS.—We selected the first
40 fruiting palms we encountered from a larger
palm population along a 3 km loop of erails. Wright
(1990) obviously used this same area. By mid-July
1990, 28 (709%) of these 40 palins were bearing
fruit (Fig. 1A), and 22 of these were dropping ripe
fruit. Therefore, we may assume that in 1990 Schee-
Jea fruiting peaked about the middle of July, which
pattern is consistent with that described by De Ste-
ven er /. (1987) and Wright (1990). All palms
were visited once every two weeks (once weekly in
mid-September) for 18 weeks beginning 30 July.
In order to estimate the fraction of palms stll in
fruit during the study period, the presence /absence
of ripe fruits in the crown were noted for each palm,
Although crude, this method does not disturb the
natural flow of falling fruits, and thus does not
affecr seed removal by mammals or bruchid infes-
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tation, The camulative percenrages of predispersal
predation by rodents were estimated for fallen seeds
of the year thar littered the ground below parents.
Ac each periodic sample, a 0.25 m? quadrat made
with polyethylene tubing was thrown once, fan-
domly, on the ground under palms, whete seeds
are most dense, and the seeds within it picked up
and examined for damage. We recognized three
classes of damage that are musually exclusive from
the viewpoint of rodents’ impact: seeds gnawed by
redents (including seeds with entrance holes, see
below); ungnawed, intact (i.e., bruchid-free); and
ungnawed, bruchid-infested seeds, as judged from
the presence of entrance holes (Janzen's {19717 Fig.
IC) 10 have been penetrated by bruchid larvae
(judging by “‘entrance holes™ can lead to overesti-
mate by eight percent the infestation rate: Wilson
& Janzen [1972]. In order to avoid disturbing
clumps of seeds below their parents, seeds were not
temoved, nor wete they dissected to assess bruchid
infestarion more precisely. Once manipulated, seeds
were replaced on the ground at the same location
where they were collected.

On 11 October, i.e., roward the end of the
fruiting season, a random sample of 200 rodent-
grawed seeds was collected in order ro estirnare
levels of predation by bruchids (presence of entrance
holes) among fallen seeds before their consumption
by rodents. These seeds were taken from a larger
sample of up to 10 seeds per palm among a pop-
ulation of 34 fruiting palms, i.¢., 40 palms less 6
whose fruit was not yet ripe by the date of collection.
Decisive evidence of larvae penetration was obrained
by passing a needle through visible holes into the
endocarp: if the needle penetrated fully, we inferred
that bruchid larvae had infested the seed before a
rodent gnawed it. Since rodents remove a part of
endocarp while gnawing seeds to reach endosperm
(see Janzen's {1971} Fig. 1E), this method under-
estimates the number of holes per seed. Also, we
collected 95 entire seeds, not gnawed by rodents,
{all we could find on 11 Qcrober under the 34
sampled fruiting palms), and cracked them with a
hammer to analyze their contents for the prevalence
of bruchid infestation.

ACTIVITY OF DIURNAL RODENTS,.—In order to cor-
relate type of seed predation with frequency and
behavior of vertebrate seedeaters ar areas close to
Scheelea palms, i.e., within abour 10-20 m of palms
(human visibility varies with understory density},
censuses of agoutis and squirrels were pecformed at
four-week intervals, between 30 July and 2 Ocrober
along the loop of trails. Nocrurnal spiny rats were
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not censused because they normally carry seeds to
their busrows or cavities in order to consume them
(Emmons 1982, Forger 1991). Each census con-
sisted of regular one-way walks (N = 9 consecutive
walks per month) of 2-2%4 hours starting 0600—
0700. Although rodents gnawing Scheelea make a
sound peculiar to that fruit, this sound may be
confused with that from gnawing Astrocaryum stan-
dleyannm palm nues, even though the latrer noise
is usually more strident. To avoid such efrors, we
simply classified rodents near Scheelea as foraging
{i.e., searching for food) or eating, withour speci-
fying what they were consuming. In contrast to the
dry season, when dry leaves that crackle underfoot
cover the ground, walking in the rainy season is
relatively noiseless. Therefore, we are confident that
the observer’s (always E. Munoz) presence did not
disturb the foraging and eating behavior of these
animals.

The significance of temporal variation (early
August, late August—early September, late Seprem-
ber—early October) in the frequency of rodent sight-
ings was assessed with one-way ANOVA after rak-
ing square roors of che rodent counts to normalize
the data (Sokal & Rohlf 1981). A two-way con-
tingency table of frequency of foraging (vs eating)
rodents as a function of month was analyzed using
G-test of independence (Sokal & Rohif 1981).

Seep FaTE~—During Scbeelea fruiting, there is an
incessant fruit input and outpur below palms, due
to fruit fall and removal by mammals (coati, Naszz
nasua, capuchin, Cebus capucinas, and rodencs, pers.
obs.). When analysing seed fate below palms, we
were thus unable to accurately describe current pre-
dation rate. Therefore, to measure the current fate
of removed seeds during the later part of Scheelea’s
fruiting season, we described the fates of Scheelea
seeds placed in small piles in the forest. We gathered
freshly fallen Scheclea fruits in July, when they were
abundant, some still with orange pericarp, cleaned
off pulp and bruchid eggs, checked them for larval
infestation with the aid of a needle, discarding all
infested seeds, drilled holes 1.5 mm in diameter
through the woody endocarp in order to pass and
attach a white thread, 0.3 mm in diamerer and 60
cm long, 1o each seed, On 3—4 Aungust, again on
1~5 September, and finally on 1-2 October, we set
out piles simulating small Scheeles fruit crops. In
each month we set out 8 clumps of 50 seeds each
(all from fresh seeds collected in July), in four pairs
of clumps. The two piles in a pair were 2 m apart,
while different pairs were over 100 m apart. Two
pairs were placed in old forest, Forget's (1993)

Dipreryx-poor area, and two in young forest, For-
get's (1993) Dipteryx-rich area. These experimental
piles were 40—50 m away from the nearest Scheelea
palms. These piles were surveyed daily between
1100 and 1400 hr undl all seeds disappeared, and
we searched within a radius of 20 m of each pair
of clumps for thread-marked seeds.

Data for the percentage of seeds consumed or
scatterhoarded were analyzed with one~-way ANO-
VA for the effect of months after arcsine square root
transformarion,

RESULTS

SEED PREDATION BELOW PALMS.—By August, when
food is becoming scarce on BCI (see Smythe 1970),
the proportion of intact Scheelea seeds among those
laying on the ground below parent palms decreases
(Fig. 1B). By this time, most seeds remaining below
these palms were either gnawed or “infested’” by
bruchids (Fig. 1B). Later yet, when progressively
fewer Scheelea palms were bearing fruit (Fig. 1A),
the cumulative proportions of seeds underneath the
trees infested by bruchids declined; whereas, the
cumulative proportion of seeds gnawed by rodents
increased. On 7 QOctober, 87 percent of the seeds
sampled (N = 228 seeds) were chewed by rodents.

Of the 200 rodent-gnawed seeds colleceed on
11 October, 77.5 percent had large (> 10~15 mm)
openings and large (> 2 mm) tooth marks, at either
the center or the excremity, and 22.5 percent had
small (< 10 mm), natrow openings and small (<
1 mm}) tooth marks, mostly at one extremicy. Direct
observations of rodents eating seeds confirmed that
agoutis make the larger tooth marks, and the larger
openings, and squitrels the smaller ones. Tweney-
four percent of seeds eaten by agoutis were also
infested by bruchids: the infested seeds averaged
1.8 = 1.6 (mean + SD) bruchid entrance holes
each (range 1—4 holes; N = 37 seeds). Sixty-four
percent of seeds eaten by squirrels were infested:
these averaged 2.5 + 1.3 bruchid entrance holes
each (range 1-5 holes; N = 29 seeds) (+ = 1.99;
P < 0.03). These data suggest that the seeds chewed
by agoutis contain fewer bruchids than those chewed
by squirtels. Finally, of 95 either intact or bruchid-
“infested” seeds collected on 11 October, 64 con-
tained one large fully developed bruchid larva each,
21 were empey {possibly aboreed), and only 10 had
& live embryo,

ACTIVITY OF DIURNAL RODENTS.—Agoutis and squis-
rels accounted for 735.5 percent and 24,5 percent
of all obsetvations (N = 2106), respectively, a result
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FIGURE 1. (A) Percentage of Scheelea zonensis palms

(N = 40) bearing fruit. (B} Cumulative percentages of
seeds incace (full circles), apparently infested by bruchid
beetles (stars), or gnawed by rodents {open circles) below
palms from 5 August chroughout 7 October 1990 ac
Barro Colorado Isfand. Ac each census, rhe number of
seeds randomly sampled was 333, 170, 225, 302, 285,
and 228.

consistent (G = 0.24, df = 1, P > 0.05) with the
observed frequency of seed damage {large and small
openings) attributed to them, Months differ signif-
icantly in the number of agoutis {(F = 10.5, df =
2,24, P < 0.001) but not in the number of squirrels
(F =049, df = 2,24, P = 0.62) obsetved near
Scheelea (Fig. 2A). Squirrels were regularly obsetved
near Scheelea, while agoutis visited such areas less
and less frequently in successive months from Au-
gust onward (Fig. 2A). Agoutis showed no signif-
icane change in their behavior (G = 2.8, df = 2,
P > 0.05), which consisted mostly of foraging (Fig.
2B}. In contrast, squirrels foraged progressively less
(G=1825,df =2, P < 0.001) (Fig. 2B}, and
wete progressively more often seen eating seeds,
especially those of Scheelea,
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FIGURE 2. (A) Number (mean + SD) of Dasyprocta
punctata (empty circle) and Scinrus granatensis (full cir-
cles) observed during censuses (N = 9 walks per month)
within 10-20 m of Sekbeslea palms along a 3-km loop of
trails on Barro Colorado Island, Panama. (B) Frequency
of foraging (vs eating) D. panctata (empty bars} and 5.
Sranatensis (harched bars) during censuses. The total
number of rodents observed is 73, 56, and 34 individuals
for D. punctata, and 22, 13, and 18 individuals for §,
granatensis in August (30 July-9 August), September
(25 August~5 September) and Ociober (23 September—
5 Ocrober), respectively. Note thar squirrels were ob-
served foraging less and less, thus eating more and more.

Sezp FATE—AIl seeds placed in clumps were re-
moved from the piles within 7 days. Of the 1200
marked seeds placed in the forest during our three
expetiments, 686 (57.2%) were rettieved (Table
1). Of the seeds retrieved 7 days after the experi-
ments started, 22,2 percent were gnawed and
dropped <1 m from the center of the pile, 70.6
percent were removed 1 to 20 m away and gnawed,
and 7.2 percent were not gnawed but cached less
than 20 m away. Cached seeds are identified as
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TABLE 1.

Seed fare in Scheclea zonensis padms throughont the late fruiting season expressed as the mean (+ SD) of

the percent of seeds (N = 400 seeds per month) removed by animals and retrieved gnawed within 1 m from
feeding sites, gnawed between I and 20 m, cached within 20 m, or not retrieved at four sites 7 days after
the experiments started on 3 and 4 August, 1 and 5 September and I and 2 October 1990 ar Barro Colorado
Liland. Al seeds were vemoved. Range is for four experimental sites with 100 seeds each.

August Seprember October Total

% Gnawed <1 m 16.25 = 12.3 875 = 64 13.00 + 8.2 12,7 + 9.0
(range 1-30) {range 2-16) (range 2-21}

% Gnawed 1-20 m 27.50 £ 4.7 53.25 £ 6.3 40.50 £ 11.2 40.4 = 14.3
(range 21-32) {range 39-08) {range 29-55}

% Cached <20 m 9.00 = 5.3 0.75 = 0.9 250 £ 2.0 41 48
{range 4-16} (range 0-2) {range 0-5)

% Lost 47.25 = 104 37.25 & 2.0 44.00 == 17.9 42.8 £ 133
(range 32-54) (range 20-46) {range 19-61)

seeds thar were either buried several cm under the
ground or hidden beneath the litter, No significant
difference occurred in the proportion of seeds gnawed
within 1 m (F = 0.38, df = 2,9, P = 0.698) but
a significantly greater proportion of seeds were found
destroyed (i.e., gnawed) between 1 and 20 m in
Septemnber and October than in August (F = 6.67,
df = 2,9, P = 0.016) (Table 1). More seeds were
scatterhoarded (Z.e., cached) in August (F = 7.53,
df = 2,9, P = 0.012) (Table 1),

DISCUSSION

While availability of fruit for BCI's diurnal rodents
is decreasing from August through October (Smythe
1970), rodents are preying with increasing intensiry
on Scheelea seeds. By early Octobet, 87 percent of
seeds remaining beneath palms were destroyed. Ro-
dents do not hesitate to consume bruchid-infested
seeds during the latter part of the fruiting season
of the palm. However, below {fruiting Scheelea, ro-
dents choose seeds, selecting those which are less
likely to contain a developed bruchid larva, thar is,
seeds with fewer bruchid entrance holes (see Wright
1983). Intact seeds remaining underneath palms
ate more likely to be chewed by rodents in the
following months.

Although Scheelea ranks first in squirrel diets
on BCI (Glanz et 2/. 1982) and only third in agouri
diets (Smythe e @/, 1982), agoutis appear to be
BCI's primary Scheelea consumers. BCI may have
twice as many squirrels as agoucis (Glanz 1982,
1990, but an agouti weighs 8 times as much as a
squirrel (Eisenberg & Thorington 1973). The con-
trast between how squirrels and agoutis exploit
Scheelea appears to be related to their different modes
of exploiting resources and storing them. When fruit
availability is low, squirrels focus their activity around

Scheelea palms (¢f. Glanz er 2/, 1982; Fig. 2B),
where their preferted food, their arboreal caches,
and the partly bruchid-infested seeds below parent
palms, are to be found. On the other hand, the
frequency of agoutis progressively decreases near
Scheelea palms (Fig. 2A): they tend to forage further
away (Smythe 1978), eating Scheelea seeds they
have buried earlier, and also alternative foods such
as germinating seedlings of Astrocaryum standley-
anum (N. Smythe, pers. comm.) and Gustavia su-
perba (Forger 1992),

Experiments showed that rodents rapidly re-
move all intact fresh Schesles seeds in Auguse—
October, with only a small fraction (79) of them
being buried for later consumption, and, that a large
proportion of these seeds is remmoved away from the
seed pile (that is, usually below palms) to be chewed.

The intensiry in removal of and predation upon
fallen intact and infested seeds by rodents berween
late August and early Qcrober is concomitant with
the decline in the level of bruchid oviposition by
August as described by Wright (1990). Larvae need
about a week to penerrate a Scheelea seed, and two
to six months to grow to full size (Wright 1983,
S. J. Wright, pers. comm.). Thus, the earlier a
bruchid egg is laid on a Scheelea seed, the greater
the chance of its becoming an adult bruchid rather
than dying when a rodent earts its seed. Our study
shows that incense seed removal and predation by
rodents lower the probability that seeds remaining
below parent palms will be infested by bruchid
larvae, and therefore may limit the bruchid popu-
lation that will reproduce in the next wet season.
If rodent predation depresses bruchid aumbers suf-
ficiently, then the steep August—Ocrober decline in
bruchid oviposition may refect a2 combination of
satiation by eatly falling Scheelea fruics (Wright
1990) of the (rodent-limited) bruchid population



and selection against laying eggs so late thar rodents
will inevitably destroy them. It follows thar timing
of the teproductive behavior of bruchids might have
been selected to favor adult emergence and ovi-
position during the first part of the rainy season (see
Wilson & Janzen 1972, Wright 1990) when ro-
dents are sariated with food (see Simythe 1970,
1978; Glanz er al. 1982, Smyrhe er @/, 1982) and
when Seheelea seeds accumulate underneath palms
{pers. obs.),

Maximum seed predation occurs ar the two tails
of the Seheelea’s fruiring season: bruchids consume
nearly all early-falling Scheelea seeds, while rodents
consume nearly all late-falling feuits (Wright 1990,
this study). To explain the timing of fruitfall (Janzen
1978) in Scheelea, later studies should test the hy-
pothesis that seeds produced and dispersed (i.e.,
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scatterhoarded) in the middle of Scheelea’s fruiting
season have the greatest chance of escaping both
bruchids and rodents. If the timing of fruit ripening
is under genetic control (see Wright 1990), then
the escape of mid-season seed crops would selecr
for individuals chat, on the average, tipen fruit in
July—August, when Srheeea fruir production ace
tually peaks. The total amount of food available in
BCI's forest, and the rimes when it appears, varies
from year o year (Foster 1982b; Giacalone-Mad-
den ez a/. 1990, Leigh 1990, Table 4; Worthington
1990, Table 6 and Fig. 3) with inevitable effects
on the timing of maximum survival of Scheelea seeds
and seedlings. Therefore, one may expect variarion
among Scheelea in timing of fruit production, vari-
ation which may be essential to the survival of both
bruchids and rodents.
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