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Abstract: Four species of birds (Carpodacus erythrinus, Passer domesticus, Pycnonotus cafer, 
Streptopelia decacto) have been found to feed the ripen fruits of shrub Carissa spinarum (L.) in a 
tropical deciduous forest of Chhuhia, Rewa (M.P.). Birds usually swallowed whole fruit and voided 
seeds either by regurgitation (P. domesticus) or defecation (C. erythrinus, P. cafer, S. decacto) 
beneath the canopy of perching trees and shrubs of the forest. Each frugivore consumed an average 
of 4.42 fruits during any foraging bout. The frugivorous birds removed approximately 196 seeds per 
day per plant of the shrub within forest. Of the four birds, Pycnonotus cafer, P. asser domesticus and 
S. decacto performed much of potential seed dispersal events and proved themselves as principal 
dispersers of Carissa spinarum seeds in the Chhuhia forest.  

Resumen: Cuatro especies de aves (Carpodacus erythrinus, Passer domesticus, Pycnonotus cafer 
y Streptopelia decacto) se alimentan de los frutos maduros del arbusto Carissa spinarum (L.) en un 
bosque tropical caducifolio de Chhuhia, Rewa (M.P.). Las aves por lo general tragan el fruto completo 
y evitaron las semillas ya sea por regurgitación (P. domesticus) o defecación (C. erythrinus, P.cafer, S. 
decacto) bajo el dosel de árboles y arbustos donde perchan en el bosque. Cada frugívoro consumió un 
promedio de 4.42 frutos durante cualquier turno de forrajeo. Las aves frugívoras retiraron 
aproximadamente 196 semillas por día por planta del arbusto en el interior del bosque. De las cuatro 
aves, P. cafer, P. domesticus y S. decacto llevaron a cabo gran parte de los eventos potenciales de 
dispersión  de semillas y probaron ser los principales dispersores de semillas de C. spinarum en el 
bosque Chhuhia. 

Resumo: Quatro espécies de aves (Carpodacus erythrinus, Passer domesticus, Pycnonotus cafér, 
Streptopelia decato) foram identificadas como alimentando–se de frutos maduros do arbusto Carrisa 
spinarum (L.) numa floresta decídua em Chhuhia, Rewa (M.P.). As aves usualmente engolem todo o 
fruto e evitam as sementes quer por regurgitação (Passer domesticus) ou por defecação (Carpodacus 
erythrimus, Pycnonotus cafer, Streptopelia decacto) sob a copado das árvores e arbustos da floresta. 
Cada pássaro frugívero consome uma média de 4,42 frutos durante cada surtida alimentar. As aves 
frugíveras removem cerca de 196 sementes por dia por arbusto na floresta. Das quatro aves, a 
Pycnonotus cafer, Passer domesticus e Streptopelia dacacto protoganizaram a maior parte do 
potencial de dispersão dos surtos seminais e provaram ser os principais agentes de dispersão das 
sementes da Carissa spinarum na floresta Chhuhia. 
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Introduction 

Seed dispersal offers at least three ecological 
benefits to a plant. It provides an opportunity to 
seeds to escape themselves from the excessive 
crowding and mortality that invariably occurs 
under the crown of the parent tree on account of 
competition. Dispersal may also allow a seed to 

spread its species into new habitats. Finally, 
some types of dispersal may position a seed to 
spread its species into new habitats. Finally, 
some types of dispersal may position a seed in the 
precise site required for successful germination 
and seedling establishment. Vertebrate animals 
are important dispersal agents and among them 
birds are perhaps most commonly associated with 
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seed dispersal (Van der Pijl 1972). Some tropical 
bird species have evolved obligate frugivory 
(Morton 1973). Avian frugivory and seed 
dispersal have been a subject of many recent 
studies (Cain et al. 2000; Hamann & Eberhard 
1999; Holbrook & Smith 2000; Wenny 1999, 2000; 
Wenny & Levey 1998; Whitney et al. 1998). 
Except a few records (Ganesh & Davidar 2001; 
Hegde et al.) which dealt with community level, 
the role of frugivores in the seed dispersal of 
particular trees and shrubs of Indian forests have 
not been investigated properly 

Carissa spinarum L. (Apocynaceae) is a small 
spinus evergreen shrub of tropical deciduous 
forest of Chhuhia, Rewa (M.P.) and other Indian 
forests of dry regions.  Fruiting phenology reveals 
that majority of plant species of Chhuhia forest 
are producing fleshy fruits during the summer 
dry months. C. spinarum is one of the few species   
to produce fleshy fruits during the post monsoon 
months, a period of general fleshy fruit scarcity at 
this forest. The species is shown to maintain itself 
naturally in the forest through seed dispersal and 
natural regeneration. The objective of this study 
was to   analyse the role of birds in frugivory and 
seed dispersal of C. spinarum in a dry tropical 
forest of central India. 

Methods 

This study was conducted during September 
2001 in the Chhuhia forest (lat. 24°–20'N, long. 
810–20'E, about 616 meter m.s.l.)  which lies 25 
km south–east of Rewa town. Annual rainfall of 
this region averages 1019 mm, with mean 
maximum and minimum temperature being 
31.4°C and 19.2°C respectively. Twenty ripe 
fruits were collected from the shrub and 
measured for average length and diameter. The 
pulp and seeds of 50 ripe fruits were carefully 
separated and weighed for wet mass. These 
separated fruit fractions were subsequently dried 
at 40°C in an oven and re–weighed for dry mass. 
The pulp mass was then incinerated in a muffle 
furnace at 600°C for at least 8 hours and 
subsequently weighed for ash content. Total 
sugar content (as glucose) of fruit pulp was 
estimated by phenol reagent method (Dubois et 
al. 1956). Pulp (0.1g) was homogenised in 20 ml of 
80% absolute alcohol and centrifuged for 15 
minutes. To 1 ml extract, 1 ml 5% phenol and 5 
ml conc. sulphuric acid were added and optical 
density of the mixture was measured by 
spectrophotometer at 480 nm. The concentrations 
were quantified based on a standard curve 
prepared using glucose solution. Total nitrogen of 

the pulp was estimated by micro–kjeldahl 
method. From nitrogen value, the protein value 
was calculated by multiplying by 4.4 (Milton & 
Dintzis 1981). The exchangeable cations (Na, K, 
Ca), extracted from the pulp, were determined by 
Mediflame 127 (Systronics) flame photometer 
(Jackson 1973). 

Observations were made at a single shrub, 
with large fruit crop, for a period of   one week, 
daily from 0500 to 1900 hours. Observations for 
15 minutes each were made at hourly interval, 
which were confirmed in the subsequent weeks. 
At each observation, total number of bird species, 
their individual numbers, time of first appearance 
on plant, and their foraging behaviour were 
recorded. Information on foraging behaviour of 
birds included: their visit lengths (in seconds), 
time spent in searching, handling and feeding  
the fruits, total time spent on plant, and fruits 
consumed per foraging bout. A foraging bout is 
the time a bird actually spends in handling and 
ingesting fruit(s). Timing of the bout began when 
the frugivore reached to take the first fruit of a 
bout and ended when the frugivore had ingested 
the last fruit in the sequence (Hoppes 1987). 
Observations were recorded on how fruits were 
ingested and on methods of regurgitation and 
defecation of seeds. 

Results and discussion 

In Carissa. spinarum fruiting events take 
place during monsoon and post–monsoon months. 
The green fruits appeared during the last week of 
June and started ripening by middle of July. The 
shrub displayed ripened fruit crop upto middle of 
November. An average berry was 0.76 cm in 
diameter, 1.08 cm in length, 219.6 mg in fresh 
weight,  80.8 mg in dry weight, and single seeded 
(Table 1). Pulp accounted higher weight (49.2 mg) 
Table 1.  Fruit characteristics of Carissa spinarum. 

Parameters  Values 
Diameter (cm)*  0.76 
Length of fruit (cm)* 1.08 
Fresh weight (mg)* 219.6 
Dry weight (mg)*  80.8 
Pulp weight (mg)* 49.2 
Seed weight (mg)* 31.6 
Ash content (%)  2.53 
Sugar (%)  1.45 
Protein (%) 16.0 
Ca (%)  2.51 
K (%)  0.22 
Na (%)  0.03 

 

            * Mean of 20 samples.  
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Table 2.  Foraging behaviour of different bird species feeding fruits of Carissa spinarum  
(mean ± SE; n= 84).  

Bird Species 
Carpodacus 
erythrinus 

Passer 
domesticus 

Pycnonotus 
cafer 

Streptopelia 
decacto 

Average 

Initiation of visit (h) 9.00 8.00 8.00 9.00  
No. of individuals per 
visit 

2.0±0.02 2.6±0.2 1.6±0.1 1.6±0.1  

Searching time per 
visit(s) 

17.7±1.5 16.7±4.7 16.9±1.5 13.2±1.1 16.0±2.2 

Feeding time per visit (s) 32.8±1.3 27.2±3.3 27.4±2.8 33.9±3.2 30.3±2.6 
Time spent on tree per 
foraging bout (sec.) 

49.9±2.8 43.9±3.0 44.3±4.3 47.2±4.3 46.3±4.9 

No. of fruits consumed 
per foraging bout 

5.4±0.6 5.1±0.69 4.0±0.5 3.8±0.4 4.4±0.5 

to the fruit than seed (31.6 mg). The unripe green 
fruits turn into dark purple red on ripening. 
Judging from the descriptions of dispersal 
syndromes (Van der Piji 1972), C. spinarum has a 
typical ornithochoric fruit. Fruits are smaller in 
size, bright coloured and set off against the 
contrasting green leaves, sessile and easier to 
swallow by birds. 

Four species of birds (Carpodacus erythrinus, 
Passer domesticus, Pycnonotus cafer, Streptopelia 
decacto) were found to ingest the ripened fruits of 
this shrub in Chhuhia forest (Table 2). These 
frugivores initiated their visits to the shrub 
during morning hours (0800 to 0900 h). P. 
domesticus appeared to be more abundant (2.6 
individuals) on the shrub compared to C. 
erythrinus (2.0 individuals), P. cafer (1.6 
individuals) and S. decacto (1.6 individuals) at 
each observation. 

Frugivores spent more time (average 30.3 s) 
in handling and feeding the fruits than searching 
them (average 16.0 s) at each foraging bout (Table 
2). However, this difference in searching and 
feeding time was insignificant (t=1.084, d.f.=16, 
p> 0.05). Frugivores spent less than a minute 
(average 46.3 s) in the shrub during any single  
visit. Also, there was significant difference 
between the time spent by four frugivorous birds 
in the shrub (F=4.051, d.f. 14,3; p <0.05). The 
average time spent by these frugivores on fruiting 
shrub is similar to passerines, feeding the fruits 
of Prunus mehalab (Herrera & Jordano 1981). 
Murray (1987) suggested that fruit crop size 
influences the birds visit, their fruit consumption 
rate and stay period in the plant. He argued that 
because fruit crops produced by understory plants 
are small in relation to those produced by trees, 
frugivore foraging patterns are unlikely to be 
influenced by the same degree by shrubs as by 
trees. Longer visits may result in reduced long 
distance dispersal of seeds if more fruits are 

dropped beneath the parent plant canopy due to 
mishandling of fruits by frugivorous birds. It has 
been suggested that frugivores often become 
satiated and perch for long period in plants with 
superabundant fruits, dropping most seeds 
beneath the crown, where they may subject to 
high density dependent mortality (Howe 1981; 
Pratt & Stiles 1983). 

Each frugivore consumed an average of 4.4 
fruits during any foraging bout  (Table 2). Among 
frugivores, C. erythrinus consumed maximum 
fruits (average 5.4 fruits) per visit to be followed 
by P. domesticus (5.1 fruits visit–1), P. cafer (4.0 
fruits visit–1) and S. decacto (3.8 fruits visit–1). 
This difference in fruit consumption rate among 
frugivorous birds was insignificant (F=0.47, d.f. 
14.3, p>0.05). Fruit–eating vertebrates often 
differ in foraging behaviour (Moermond & 
Denslow 1985; Trainer & Will 1984) and fruit 
removal rates (Bronstein & Hoffman 1987; 
Englund 1993).  

The most common feeding technique, adopted 
by the frugivores, was plucking fruits with the 
help of bill while perched on the branch 
supporting fruits or nearby branch close to a 
fruit. Birds usually swallowed whole fruit during 
feeding, including seed and pulp mass. 
Swallowing of fruits has been also observed as the 
common behaviour of frugivorous seed dispersers 
in other forests (Hegde et al. 1991; Herrera 1984; 
Rey et al. 1997). Herrera (1995) suggested that 
most of the fleshy–fruited plants rely on this bird 
feeding behaviour to disperse their seeds. Fruits 
are considered to be swallowable if their width is 
less than or equal to the birds gape width 
(Debussche & Isenmann 1989; Herrera 1984; 
Wheelwright 1985). 

After completion of a foraging bout they flew 
to perching trees and shrubs of the area where 
they voided swallowed seeds intacted either by 
regurgitation (P. domesticus) or by defecation    
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(C. erythrinus, P. cafer, S. decacto). Seed dispersal 
by birds to perches reported here is not unusual. 
Many recent studies have found that birds often 
disperse seeds to perching sites (Duncan & 
Chapman 1999; Guevara & Laborde 1993; 
McClanahan & Wolfe 1993; Nepstad et al. 1996; 
Robinson & Handel 1993; Wenny 2000). 

The transport of seeds by these frugivores to 
perching trees and shrubs and  already vegetated 
areas improves the chances of seedling 
establishment, as the seeds are deposited in those 
places where the presence of vegetation is earlier 
confirmed and also where there are fewer 
obstacles for walking (Chavez–Ramirez & Slack 
1994; Schupp 1993,1995; Schupp & Fuentes 
1995). The low shrub cover appears to increase 
the probability of saplings growth upto shrub 
height without herbivore damage (Herrera & 
Jordano 1981). Birds generally disperse seeds 
preferentially to structurally complex microha-
bitats where they perch while digesting fruits and 
voiding seeds (Chavez–Ramirez & Slack 1994; 
McClanahan & Wolfe 1993; Robinson & Handel 
1993). Also, birds tend to regurgitate or defeacate 
relatively few seeds in a group which may be less 
likely to die from density dependent seed 
predation or competition. However, Chambers et 
al. (1999) have pointed out that this is not a 
universal expectation, since repeated use of a 
single perch by birds can lead to high densities of 
seeds. There is always a possibility that some 
seeds may land in light gaps within the forest 
where the probability of seedling establishment is 
higher (Augspurger 1984). Further studies are 
needed to assess the forest floor conditions at 
different perching sites, where the seeds are 
voided, for their role in seed germination and 
subsequently seedling establishment. 

By combining information on visitation and 
ingestion rate, the number of seeds removed per 
day by each frugivore was determined (Table 3). 
Out of four birds, P. domesticus (58.0 seeds day –1) 
and P. cafer (57.2 seeds day–1) removed   
maximum number of seeds (collectively 59%) and 
appeared as principal dispersers of C. spinarum 

seeds in the forest. Remaining two birds S. 
decacto and C. erythrinus removed 43.2 and 37.9 
seeds day–1, respectively. Although individuals of 
C. erythrinus spent more time in the shrub (Table 
2) and also ingested more fruits per foraging bout 
but were less frequent in visits (average 7.0 visits 
day–1), and thus dispersed less seeds per day. In 
contrast, the remaining birds ingested 
comparatively low fruits per foraging bout but 
were more frequent in the visits, and thus 
dispersed more seeds per day. As number of visits 
made by a particular bird species to fruiting 
plants is often positively correlated with the 
number of seeds dispersed (Schupp 1993), we can 
thus assert that the above species performed 
much of potential seed dispersal events recorded 
during this study. Although C. spinarum 
attracted four bird species that carried away its 
seeds, the rate of seed dispersal from the shrub 
was low (16.3 seeds h–1). Assuming a 12 h day, 
birds could disperse an average of 196 seeds per 
day. This result is in keeping with the reported 
percentage of fruits taken and seeds dispersed 
from some other plant species with larger crops of 
bird–dispersed seeds (e.g. Jordano 1995). 

Table 3.  Consumption of fruits (per foraging bout) by frugivores and estimated rate of seed removal  
of Carissa spinarum shrub.  

Bird species Carpodacus 
erythrinus 

Passer 
domesticus 

Pycnonotus 
cafer 

Streptopelia 
decacto 

Total 

No. of fruits consumed per foraging 
bout 

5.4 5.1 4.0 3.0  

No. of visits  per day 7.0 11.2 14.3 14.1  
No. of seeds removed per day 37.9 58.0 57.2 43.2 196 
Seeds removed by birds (%) 19.3 29.5 29.1 22.0  

The species presents some features, which 
might have contributed to its attractiveness to 
birds. C. spinarum is one of the few species to 
bear fleshy fruits during the post monsoon 
months, a period of general fleshy fruit scarcity at 
Chhuhia forest. Another character that might 
have attracted frugivores is the dark purple red    
colour of ripen fruits of this shrub. Studies have 
shown that bird disseminated fruits frequently 
would be either black or red in colour (Corlett 
1996; French 1991; Knight & Siegfried 1983;  
Lee et al. 1988; McDiarmid et al. 1977; 
Wheelwright et al. 1984; Willson 1986). This 
feature, together with other fruit characteristics 
observed (smaller in size, easier to swallow, 
sessile) suggest that fruits of C. spinarum are 
primarily adapted to birds. The lower contents 
(Table 1) of sodium and potassium in the fruit 
pulp mass suggest that fruits of this shrub could 
not be a good source of these minerals to birds. 
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On the other hand the fruit of C. spinarum seem 
to be a good source of calcium and protein to 
birds. 

Acknowledgements 

 Authors are thankful to Prof. R.N. Shukla, 
Professor and Head, School of Environmental 
Biology, A.P.S. University, Rewa (M.P.), for 
providing facilities. We are also thankful to Dr. S. 
Bhatnagar, Retired Professor, for his valuable 
suggestions and guidance. 

References 

Augspurger, C.K. 1984. Seedling survival of tropical 
tree species: interaction of dispersal distance, light 
gaps and pathogens. Ecology 65: 1705–1712. 

Bronstein, J.L. & K. Hoffmann. 1987. Spatial and 
temporal variation in frugivory at a neotropical fig 
Ficus pertusa. Oikos 49: 261–268. 

Cain, M.L., B.G. Milligan & A.E. Stranod. 2000. Long 
distance dispersal in plant populations. American 
Journal of Botany  87:1217–1227. 

Chambers, J.C., S.B. Wall & E.W. Schupp. 1999. Seed 
and seedling ecology of Pinon   and Jupiner species 
in the pygmy woodlands of western North America. 
The Botanical Review 65: 1–38. 

Chavez–Ramirez, F. & R. D. Slack. 1994. Effects of 
avian foraging and post foraging behavior on seed 
dispersal patterns of Ashe juniper. Oikos 71: 40–
46. 

Corlett, R.T. 1996. Characteristics of vertebrate– 
dispersed fruits in HongKong. Journal of Tropical 
Ecology 12: 819–833. 

Debussche, M. & P. Isenmann. 1989. Fleshy fruit 
characteristics and the choices of bird and 
mammal seed dispersers in a mediterranean 
region. Oikos  56: 327–338. 

Dubois, M., K.A. Gills & F. Smith. 1956. A calorimetric 
method for determination of sugar and related 
substances. Analytical Chemistry 28: 350–356. 

Duncan, R.S. & C.A. Chapman. 1999. Seed dispersal 
and potential forest succession in abandoned 
agriculture in tropical Africa. Ecological 
Applications 9: 998–1008. 

Englund, R. 1993. Fruit removal in Viburnum opulus: 
copious seed predation and sporadic massive 
dispersal in a temperate shrub. Oikos 71: 40–46. 

French, K.1991. Characteristics and abundance of 
vertebrate–dispersed fruits in temperate wet 
sclerophyll forest in southeastern Australia. 
Australian Journal of Ecology 16: 1–13. 

Ganesh, T. & P. Davidar. 2001. Dispersal modes of tree 
species in the wet forests of southern Western 
Ghats. Current Science 80: 394–399. 

Guevara, S. & J. Laborde. 1993. Monitoring of seed 
dispersal at isolated standing trees in tropical 
pasture: consequences for local species availability. 
pp.319–335. In: T. H. Fleming & A. Estrada (eds.) 
Frugivory and Seed Dispersal: Ecological and 
Evolutionary Aspects. Kluwer Academic, 
Dordrecht, The Netherlands. 

Hamann, A. & C. Eberhard. 1999. Interactions among 
frugivores and fleshy fruit trees in a Philippine 
submontane rain forest. Conservation Biology 13: 
766–773.  

Hegde, S.G., K.N. Ganeshaiah & R. Uma Shankar. 
1991. Fruit preference criteria by avian frugivores: 
Their implications for the evolution of clutch size 
in Solarium pubescens. Oikos 60: 20–26. 

Herrera, C.M. 1984. Adaptation to frugivory of 
mediterranean avian seed dispersers. Ecology 65: 
609–611. 

Herrera, C. M. 1995. Plant–vertebrate seed dispersal 
systems in the mediterranean: Ecological, 
evolutionary and historical determinants. Annual 
Review of Ecology and Systematics 26: 705 –727. 

Herrera, C. M. & P. Jordano. 1981. Prunus mehalab 
and birds: The high efficiency seed dispersal 
system of a temperate fruiting tree. Ecological 
Monographs 51: 203–221. 

Holbrook, K.M. & T.B. Smith. 2000. Seed dispersal and 
movement patterns in two species Ceratigtmna 
hornbills in a west African tropical lowland forest. 
Oecologia 125: 249–257. 

Hoppes, W.G. 1987. Pre and post foraging movement of 
frugivorous birds in a eastern deciduous forest 
woodland, USA. Oikos 49: 281–290. 

Howe, H.F. 1981.Dispersal of neotropical nutmeg 
(Virola sebifera) by birds. Auk 98: 88–98.  

Jackson, M.L. 1973. Soil Chemical Analysis. Willey–
Eastern Ltd. New Delhi. 

Jordano, P. 1995. Frugivore–mediated selection on 
fruit and seed size: Birds and St. Lucies cherry, 
Prunus mehalab. Ecology 76: 2627–2639. 

Knight, R.S. & W.R. Siegfried. 1983. Inter–relationship 
between type, size and colour of fruits and 
dispersal in Southern African trees. Oecologia 
(Berlin) 56: 405–412. 

Lee, G. W., J. B. Wilson & P. N. Johnson. 1988. Fruit 
color in relation to the ecology and habit of 
Coprosma (Rubiaceae) species in New Zealand. 
Oikos 53: 325–331. 

McDiarmid, R.W., R.E. Ricklefs & M.S. Foster. 1977. 
Dispersal of Stemmadenis donnellsmithii 
(Apocynaceae) by birds. Biotropica 9: 9–25. 

McClanahan, T. R. & R. W. Wolfe. 1993. Accelerating 
forest succession in a fragmented landscape: The 
role of birds and perches. Conservation Biology 7: 
279–288. 



156       FRUGIVORY AND SEED DISPERSAL 

 
Milton, K. & F.R. Dintzis. 1981. Nitrogen to protein 

conversion factors for tropical plant samples. 
Biotropica 13: 171–181. 

Moermond, T. C. & J. S. Denslow. 1985. Neotropical 
avian frugivores: Patterns of behavior, morphology, 
and nutrition, with special consequences for fruit 
selection. Ornithological Monographs 36: 865–897. 

Morton, E.S. 1973. On the evolutionary advantages and 
disadvantages of fruit eating in tropical birds. 
American Naturalist 107: 8–22. 

Murray, K.G. 1987. Selection for optimal fruit crop size 
in bird–dispersed plants. American Naturalist 129: 
18–31. 

Nepstad, D. C., C. Uhl, C. A. Pereira & J. M. Cardoso 
da Silva. 1996. A comparative study of tree 
establishment in abandoned pasture and mature 
forest of eastern Amazonia. Oikos 76: 25–39. 

Pratt, T.K. & E.W. Stiles. 1983. How long fruit–eating 
birds stay in the plants where they feed: 
Implications for seed dispersal. American 
Naturalist 122: 797–805. 

Rey, P. J., J. E. Gutierrez, J. Alclantara & F. Valera. 
1997. Fruit size in wild olivers: Implications for 
avian seed dispersal. Functional Ecology 11: 611–
618. 

Robinson, G. R. & S. N. Handel. 1993. Forest 
restoration on a closed landfill: Rapid addition of 
new species by bird dispersal. Conservation Biology 
7: 271–278. 

Schupp, E. W. 1993. Quantity, quality and the 
effectiveness of seed dispersal by animals. 
Vegetatio 107–108: 15–19. 

Schupp, E.W. 1995. Seed–seedling conflicts, habitat 
choice, and patterns of plant recruitment. 
American Journal of Botany 82: 399–409. 

Schupp, E. W. & M. Fuentes. 1995. Spatial patterns of 
seed dispersal and the unification of plant 
population ecology. Ecoscience 2: 267–275. 

Trainer, J. M. & T. C. Will. 1984. Avian methods of 
feeding on Burcera simaruba (Burseraceae) fruits 
in Panama. Auk 101: 193–195. 

Van der Piji, L. 1972. Principles of Dispersal in Higher 
Plants. Springer–Verlag, New York. 

Wenny, D.G. 1999. Two stage dispersal of Gnarrea 
glabra and G. kunthiana (Meliaceae) in 
Monteverde, Costa Rica. Journal of Tropical 
Ecology 15: 481–496. 

 Wenny, D.G. 2000. Seed dispersal, seed predation, and 
seedling recruitment of a nertropical montane tree. 
Ecological Monographs 70: 331–351. 

Wenny, D.G. & D.J. Levey. 1998. Directed seed 
dispersal by bellbirds in a tropical cloud forest. 
Proceedings of the National Academy of Science, 
USA 95: 6204–6207. 

Wheelwright, N.T. 1985. Fruit size, gape width, and 
the diets of fruit–eating birds. Ecology 66: 808–
818. 

Wheelwright, N. T., W. A. Haber, K. G. Murray & C. A. 
Guindon. 1984. Tropical fruit–eating birds and 
their food plants: A survey of a Cost Rican lower 
montane forest. Biotropica 16: 173–192. 

Whiteney, K.D., M.F. Fogiel, A.M. Lamporti, K.M. 
Holbrook, D.J. Stauffer, B.D. Hardesty, V.T. 
Parker & T.B. Smith. 1998. Seed dispersal by 
Ceratogymna hornbills in the Dja Reserve, 
Cameroon. Journal of Tropical Ecology 14: 351–
371. 

Willson, M. F. 1986. Avian frugivory and seed dispersal 
in eastern North America. Current Ornithology 3: 223–
279.

 


	Methods
	Results and discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


