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Abstract: We examined how rodent activity influenced the fates of seeds of two palm 
species (Astrocaryum standleyanum L.H. Bailey and Attalea butyracea (Mutis ex L.f.) Wess. 
Boer).  Intact fruits were placed in exclosures at three heights (ground, understory and canopy), 
and removed seeds were tracked with attached sewing bobbins. We recorded 50 handling 
events.  Most seeds were discarded after removal and the fruit eaten, and only one seed was 
cached in the ground.  Fruit and seed handling activity showed strong associations with lianas, 
indicating that changes in liana abundance, resulting from human activity, could greatly 
influence seed fate, and therefore, affect forest regeneration and potentially impact local 
biodiversity. 
 

Resumen: Examinamos la manera en que la actividad de los roedores influyó sobre los 
destinos de las semillas de dos especies de palmas (Astrocaryum standleyanum L.H. Bailey y 
Attalea butyracea (Mutis ex L.f.) Wess. Boer).  Se colocaron frutos intactos en áreas excluidas a 
tres alturas (piso, sotobosque y dosel) y las semillas removidas fueron rastreadas por medio de 
bobinas de costura fijadas a ellas. Registramos 50 eventos de manipulación. La mayoría de las 
semillas fueron desechadas después de su remoción y de que el fruto fue comido, y sólo una 
semilla fue escondida en el suelo. La actividad de manipulación de frutos y semillas mostró 
asociaciones fuertes con las lianas, lo que indica que los cambios en la abundancia de lianas, 
resultado de la actividad humana, podrían influir en gran medida en el destino de las semillas y 
por lo tanto afectar la regeneración del bosque y tener un impacto potencial sobre la 
biodiversidad local. 
 

Resumo: Examinámos como a actividade dos roedores influenciou o destino das sementes 
de duas espécies de palmeira (Astrocaryum standleyanum LH Bailey e Attalea butyracea (Mutis 
ex L.f.) Wess. Boer). Frutos intactos foram colocados em áreas protegidas aos animais em três 
níveis (solo, no sub-bosque e na copa) e as sementes removidas foram monitorizadas com 
bobinas de costura anexadas. Registámos 50 eventos de manipulação. A maioria das sementes 
foram descartados após a retirada do fruto e da sua deglutição, e apenas uma semente foi 
recolhida no chão.Encontrou-se uma forte associação entre a actividade de manipulação dos 
frutos e das sementes com as lianas, indicando que as mudanças na abundância de lianas, 
resultantes da actividade humana, podem influenciar bastante o destino da semente e, portanto, 
afectar a regeneração da floresta e potencial impacto na biodiversidade local. 
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Introduction 

Tropical forests are under increasing pressure 
from human activities such as farming, logging, 
hunting, tourism and climate change.  While large 
parks and strictly protected areas are the surest 
way to preserve this diversity, they are not always 
practical or feasible. Thus, conservation efforts 
must manage and mitigate damage in such a way 
as to minimize ecological damage while simulta-
neously providing economic and social benefits. 
These efforts to manage human encroachments 
into tropical forests and lessen their impacts on 
biodiversity are often hampered by a lack of 
knowledge concerning the complex ecological re-
lationships among species that drive the mainte-
nance of tropical diversity (Leigh & Rubinoff 2005). 
Disturbances such as fragmentation and logging 
often result in changes to the seed disperser and 
seed predator communities, which in turn 
influence seed fate and ultimately forest rege-
neration (Struhsaker 1997; Terborgh et al. 2001). 
Thus, to develop effective conservation and mana-
gement schemes, a greater understanding of the 
factors that influence seed fate is needed.  

The reproductive success of many trees is tied 
to the actions of seed dispersers and seed predators 
(Connell 1971; Janzen 1970). Small mammal acti-
vity can greatly influence seed success. Caching 
and dispersal increase the distance to conspecifics 
and may therefore reduce the seed’s and seedling’s 
exposure to species-specific pathogens; however, 
seed predation by those same small mammals also 
increases seed mortality. Thus, small mammals, 
especially granivorous rodents, influence forest 
regeneration and biodiversity (Terborgh et al. 
2001).  Human activity often leads to changes in 
forest structure such as denser understories, lower 
and more broken canopies, and increased liana 
abundance. Such changes in forest structure lead 
to changes in the small mammal community and 
to apparent changes in seed predation rates (Adler 
& Kestell 1998; Asquith et al. 1997; Hoch & Adler 
1997; Struhsaker 1997; Terborgh et al. 2001). This 
increase in seed predation may lead to an outright 
suppression of forest regeneration (Struhsaker 
1997; Terborgh et al. 2001). Despite the perceived 
importance of small mammals to the maintenance 
of tropical biodiversity, they remain an under-
studied group. 

This lack of knowledge is especially prominent 
with respect to the roles played by arboreal small 
mammals. Considerable research has been con-

ducted in central Panamá on both forest dynamics 
and the ecological roles of terrestrial small mam-
mals. This work has shown that terrestrial small 
mammals play important roles in seed and 
mycorrhizal fungi dispersal and in seed predation 
(Adler & Kestell 1998; Carvajal & Adler 2008; 
Hoch & Adler 1997; Mangan & Adler 1999). It is 
clear from these studies that terrestrial rodents 
play especially important roles in forest dynamics 
and regeneration. However, studies have largely 
ignored arboreal species, which may represent up 
to 60 % of the small mammal species found in 
Neotropical forests (Voss & Emmons 1996). 
Because many arboreal species have diets similar 
to their terrestrial counterparts (frugivory and 
granivory), they likely also play a major role in 
forest dynamics through seed dispersal and 
predation. Indeed, recent work has demonstrated 
that arboreal species do in fact remove seeds both 
from the ground and the canopy and often cache or 
disperse those seeds (Carvajal & Adler 2008; 
Flagel et al. 2009). Understanding the roles played 
by arboreal species may be of special importance to 
conservation and management efforts because 
arboreal species are often greatly affected by distu-
rbance.  Some arboreal species are among the few 
species known to decline in abundance after 
disturbance, and the remaining individuals often 
shift their activities nearer the ground with the 
corresponding shift in the euphotic zone (Malcolm 
1995). 

Many arboreal species also show strong habitat 
associations with lianas (Lambert et al. 2006), and 
recent work has suggested that lianas may be 
increasing in abundance due to climate change 
because they hold a competitive advantage in 
elevated CO2 environments and under drought 
conditions (Phillips et al. 2002; Schnitzer 2005; 
Wright et al. 2004). An increase in liana abundance 
combined with continual human disturbance might 
increase the importance of arboreal small mam-
mals to forest regeneration. In this study, we 
examined the roles played by arboreal and terre-
strial small mammals in relation to habitat 
structure to better understand how disturbance 
and climate change may affect forest regeneration.   

Materials and methods 

The study was conducted along Pipeline Road 
in Soberania National Park (9° 10´ N, 79° 45´ W), a 
22,000 ha tract of tropical moist forest in central 
Panamá. Pipeline Road runs from southeast to 
northwest and provides access to second-growth 
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forest that is in various stages of regeneration.  
Elevation along the road ranges from ca. 40 - 200 
m (Karr 1990), and the annual rainfall ranges 
from a mean of 2188 mm at the southern end of 
the road to 2685 mm at the northern end (Windsor 
1990). Our study was conducted along the first 2 
km of Pipeline Road, at the southern end.  Forests 
in this area are young second-growth forest, with 
canopy heights ranging from ca. 5 - 20 m. The area 
is highly seasonal and experiences a pronounced 
four-month dry season from January through 
April, during which < 10 % of the annual precipi-
tation occurs. 

From the beginning of Pipeline Road, we placed 
two seed-removal stations on either side of the 
road at ca. 100 m intervals, for a total of ten 
stations.  Each station contained three Tomahawk 
live traps (40.5 x 12.6 x 13 cm, Tomahawk Live 
Trap Co., Tomahawk WI, USA) wired open to create 
semi-permeable exclosures that excluded mam-
mals > 700 g (Flagel et al. 2009). Thus, the most 
likely removal agents were the rodents Proechimys 
semispinosus (Tomes 1860) (Central American spiny 
rat) and Sciurus granatensis (Humboldt 1811) 
(red-tailed squirrel) (Flagel et al. 2009). Proechimys 
semispinosus is nearly exclusively terrestrial (Lam-
bert and Adler 2000), with adults captured on 
Pipeline Road weighing between 220 and 620 g 
(mean = 428 g for males and 360 g for females) 
(Adler et al. 1998). Sciurus granatensis is arboreal/ 
scansorial and ranges in weight from 212-520 g 
(Emmons & Feer 1997). A single trap was placed 
at each of three heights: ground, understory (1 - 3 
meters above ground), and canopy (5 - 10 m above 
ground) (see Flagel et al. 2009; Lambert et al. 
2005a). Each station was placed in an appro-priate 
location for the canopy set and at least 100 m from 
the center of the road.   

We attached industrial sewing bobbins to the 
intact fruits of two species of large-seed palms 
(Astrocaryum standleyanum (L.H. Bailey) and 
Attalea butyracea (Mutis ex L.f.) Wess. Boer)), 
which allowed us to track the fate of removed 
seeds. Astrocaryum standleyanum fruits range in 
length between 2.5 - 6 cm and 3 - 4.5 cm in diameter, 
whereas A. butyracea fruits are at least 4.5 - 8.5 
cm long and 3 - 4.5 cm in diameter (Henderson et 
al. 1995). Bobbins were attached by drilling a 
small hole in one end of the seed, passing a short 
piece of 0.22 gauge wire through the seed and 
attaching the other end to the bobbin. Bobbins 
contained ca. 200 m of tightly-wound thread that 
unraveled as the seed was moved, thereby allowing 
us to view the path of removed seeds in three 

dimensions. We divided our sampling into two 30-
day sessions (18 May to 18 June 2008 for A. 
standleyanum and 18 June to 18 July 2008 for A. 
butyracea), during which time five locally-collected 
seeds with intact ripe fruits were placed in each 
exclosure. Exclosures were examined daily, and 
any overly-ripe, moldy, or removed fruit was 
replaced. For each removed fruit or seed, we recor-
ded the distance, direction, height above ground of 
the seed’s path, the seed’s final location, and the 
seed’s fate (fruit eaten in situ and seed intact, fruit 
eaten and seed cached in the ground, fruit eaten 
and seed dropped to the ground, and seed eaten). 
Seeds that were either cached or dropped were 
further monitored for tertiary dispersal or pre-
dation events. 

A series of microhabitat variables was meas-
ured at (1) each station, (2) each location a seed 
was cached or dropped, and (3) a random point 
that was equidistant to the corresponding cached 
or dropped seed along a randomly determined 
compass bearing from the station. For these 
measurements, at each station a center point was 
established directly below the canopy exclosure or 
where the seed fell, and four 5 m transects were 
laid out at 90 angles to each other from that point.  
Tree size and liana load were determined by 
measuring the diameter at breast height (dbh) of 
the closest tree in each of the four cardinal 
compass directions from the center point and by 
counting the number of lianas that contacted that 
tree. Sapling abundance was quantified by counting 
the number of saplings > 1 m tall and less than      
5 cm in diameter within a 3 m radius of the center 
point. Leaf litter depth was measured at two 
points along each transect (2.5 m and 5 m), for a 
total of eight points per location.  The number of 
woody (all woody stems < 1 m tall) and herbaceous 
stems that directly contacted the transect were 
counted. All logs that lay directly below the 
transect line were counted.  Using a densiometer, 
canopy openness was quantified in each of the four 
cardinal directions at five points (the center point 
and at the end of each of the transect lines) for a 
total of 20 densiometer measurements per station.   

Data analysis had 2 specific objectives: (1) 
determine whether locations where seeds were 
deposited differed in habitat structure from either 
random points or the stations, (2) evaluate habitat 
features associated with seed removal. We began 
by calculating mean values for tree size, liana load, 
sapling abundance, litter depth, woody stems, 
herbaceous stems, woody/herbaceous stem ratio, 
and canopy openness for each station. Because of 
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the low number of logs encountered, total number 
of logs was used rather than the mean. Additionally, 
because the number of seed-handling events was 
low, we pooled data from A. standleyanum and A. 
butyracea in these analyses. We first used canonical 
discriminant analysis to determine if our habitat 
variables could differentiate among the 3 locations: 
stations, random points, and seed locations (dropped 
or cached). Those habitat variables that were 
significant in the discriminant analysis were then 
further examined using ANOVA and a Tukey’s 
multiple comparisons test to determine how the 
locations differed. To determine if certain habitat 
features correlated with higher seed removal/seed 
handling, we used multiple linear regression with 
stepwise selection (selection for entry = 0.1, selection 
to stay = 0.05); we examined two dependent vari-
ables: (1) total number of seeds moved from a 
station, and (2) total number of seeds or fruits 
eaten (without the seed being moved).  

Results 

Over the course of the study, 50 fruits or seeds 
were used by small mammals (15 for A. standle-
yanum and 35 for A. butyracea). More seeds were 
handled in the ground exclosures (39) than in the 
understory (11) or canopy (0) exclosures. In the 
majority of cases (48 out of 50), only the fruit was 
utilized, and the seed was discarded (Table 1).  
Removed seeds were moved a mean linear distance 
of 7.8 m (N = 24, S.D. = 7.5) and a maximum of 35 
m.  Mean removal distance was 15.9 m (N = 7, S.D. 
= 10.8) for A. standleyanum and 4.9 m (N = 17, 
S.D. = 3.0) for A. butyracea. Seeds removed from 
ground exclosures were moved a mean of 9 m (N = 
18, S.D. = 8.2), whereas seeds removed from un-
derstory exclosures were moved a mean of 3.5 m 
(N = 6, S.D. = 1.8). Of the 18 seeds removed from 
ground exclosures, five were taken into the canopy 
to a mean height of 5.5 m. 

The canonical discriminant analysis separated 
the three locations in multivariate space (Wilk’s 
Lambda = 0.17, p < 0.0001), with two raw varia-
bles (mean number of lianas, F = 7.58, p = 0.0003; 
and canopy openness, F = 22.47, p < 0.0001) making 
significant contributions to this separation. The 
ANOVA’s revealed that locations differed signi-
ficantly in terms of canopy openness (F = 31.10, p < 
0.0001), with stations having significantly more 
open canopies than either seed locations or random 
points (Tukey’s HSD, p < 0.05). Mean number of 
lianas also differed among locations (F = 11.52, p < 
0.0001), with seed locations having significantly 

more lianas than either stations or random points 
(Tukey’s HSD, p < 0.05). Mean number of vines 
was the only variable retained by stepwise selec-
tion in the models for both number of seeds moved 
(F = 60.17, p < 0.0001) and the number of fruits 
eaten in place (F = 8.77, p = 0.018). 

Table 1. Fates of handled Astrocaryum standleyanum 
and Attalea butyracea fruits and seeds in exclosures 
placed at 3 heights (ground, understory and canopy) 
in central Panamá. 

Seed Fate Astrocaryum 
standleyanum 

Attalea 
butyracea 

Fruit eaten in situ, seed
intact 

7 17 

Fruit eaten, seed cached
in ground 

1 0 

Fruit eaten, seed removed
and dropped 

6 18 

Seed Eaten 1 0 

Discussion 

While preliminary in nature, our results reve-
aled three important trends. First, arboreal rod-
ents played an important role in seed fate even 
after those seeds had dropped to the ground (i.e., 
those seeds in the ground exclosures). Thus, within 
this younger forest, arboreal rodents frequently 
descended to the ground to remove seeds and 
carried those seeds into the canopy, where they 
were either eaten or dropped to the ground intact.  
While the number of seed movements was low (25) 
compared to the number of seeds presented, these 
movements are still important to the reproductive 
success of the palms because seeds beneath 
parents experience nearly 100 % mortality (Harms 
& Dalling 2000; Wright 1983). The seed movements 
we observed did place the seeds away from 
conspecifics, which could decrease their exposure 
to species-specific pathogens, potentially increasing 
their chance of survival.  However, caching a seed 
in the ground greatly increases its survival proba-
bility; thus, removal by arboreal rodents did not 
necessarily constitute effective dispersal.  

Second, liana abundance had a strong positive 
influence on handling of fruits and seeds by 
mammals. Arboreal mammals frequently use lia-
nas as conduits for moving not only within the 
canopy but also from the canopy to the ground.  
Indeed, not only did removal rates increase with 
increasing liana density, but cache and drop 
locations also had more lianas than did random 
points. These results indicate that rodent activity 
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might center on liana-rich locations. Liana abun-
dance increases as the result of the creation of 
edges through activities such as fragmentation 
and logging (Lambert et al. 2005b; Lovejoy et al. 
1986), and lianas are suspected of increasing as 
the result of climate change (Phillips et al. 2002; 
Schnitzer 2005; Wright et al. 2004). Our results 
suggest that liana abundance plays a key role in 
seed fate. Thus, changes in liana abundance may 
ultimately lead to further changes in forest structure, 
as mediated by mammalian influences on forest 
regeneration. 

The associations between seed removal and 
drop locations and lianas and the near absence of 
any other microhabitat associations are surprising 
given that the variables that we selected are 
known to be important to both terrestrial and 
arboreal small mammals (Lambert et al. 2005b).  
No other habitat variables were retained in the 
regressions, and canopy openness was the only 
other significant variable in the discriminant anal-
ysis. Because our study was conducted entirely 
within younger forest, it is possible that sufficient 
variation did not exist to manifest relationships 
between seed-handling activity and the other 
microhabitat variables. Although we recorded no 
removal from canopy exclosures in this study, such 
removals have been found in the study area using 
similar methods (Flagel et al. 2009). Based on 
known habitat use by arboreal small mammals 
(Lambert et al. 2005b), it is likely that canopy 
removals would have shown habitat relationships 
similar to those that we documented for ground 
and subcanopy removals. 

The extent to which changes in liana abundance 
ultimately affect forest regeneration, forest structure, 
and the maintenance of biodiversity would be 
largely determined by the fates of the removed 
seeds. Our data indicate that of the 50 times 
rodents fed on the palm fruit, they generally 
ignored the seed, and only 25 times did they move 
the seed in the process. Seeds sometimes were 
moved considerable distances, but of the removed 
seeds, only one was actually cached, an event 
thought necessary to prevent future predation and 
assure regeneration. Otherwise, seeds generally 
were discarded on the ground, where they would 
be susceptible to further predation. However, these 
seeds were moved away from conspecifics, and left 
available for tertiary dispersal; clearly, the fate of 
these seeds is not determined solely by these first 
movements. Nevertheless, our results suggest that 
despite the removal activity and near absence of 
seed predation, seed fate was likely not positively 

influenced by rodent activity during our study.   
Third, our results indicate that our current 

understanding of the roles of small rodents in seed 
predation and dispersal is inadequate, as many 
previous studies have used simple removal rates 
as indicators of seed predation or dispersal and 
found much higher removal rates (Adler & Kestell 
1998; Flagel et al. 2009; Hoch & Adler 1997; 
Lambert et al. 2005b; Terborgh et al. 2001). Our 
data show that even seeds that are moved sub-
stantial distances may be ineffectively dispersed, and 
therefore simple removal is likely not an adequate 
measure of rodent-mediated seed fate (Carvajal & 
Adler 2008). Furthermore, studies that have tra-
cked removed seeds found higher predation and 
caching rates than we did (e.g., Carvajal & Adler 
2008).  These conflicting results may be reconciled 
by considering each such study as a snapshot of a 
brief period of time in one location and by recog-
nizing that rodent abundances, food availability, 
and consequent seed-handling activity vary tempo-
rally and spatially. Of paramount importance is 
seed fate in relation to per capita fruit availability. 
Our study was conducted during a period of 
unusually high fruit abundance and low rodent 
abundance (GHA & TDL personal observations), 
while other studies were conducted during periods 
of higher rodent abundance. Therefore, it is pos-
sible that during this resource-rich period, rodents 
discarded seeds that they normally would have 
eaten or cached.  Our results further indicate that 
removal alone does not indicate predation or suc-
cessful dispersal because often when seeds were 
moved, only the fruit was consumed and the seed 
was simply discarded and neither cached nor 
eaten. We were able to document one tertiary 
dispersal event, indicating that a seed’s move-
ments are not always finished after its first 
displacement. Perhaps as resources become scarcer, 
interest in both collected and discarded seeds 
would increase, thereby leading to higher pre-
dation and caching rates.       

Despite the small size of our data set and the 
short duration of our study, we were able to 
document associations between small mammal 
seed and fruit utilization and liana abundance, 
indicating that liana-rich microhabitats could 
greatly influence seed fate and therefore forest 
regeneration and ultimately the maintenance of 
tropical biodiversity. Further studies are urgently 
needed to examine the influence of both arboreal 
and terrestrial small mammals on seed fates.  
Such studies should not only quantify removal 
rates but also track seed fate in a variety of 
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microhabitats in relation to per capita fruit availa-
bility. Particularly interesting would be continual 
monitoring of discarded seeds to determine how 
secondary and tertiary predation and caching affect 
the survival of seeds. 
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