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Abstract Studies of Ficus reproductive phenology 
have focused on documenting its seasonality and 
dependence on meteorological factors. While there 
have been reports that duration of receptivity of 
syconia can be prolonged in response to pollinator 
limitation, the effect of pollination rate on the 
duration of phenological phases over a year has not 
been examined. Percentage of unpollinated syconia, 
number of foundresses per pollinated syconium, 
duration of receptivity, frequency of single-sex 
broods, crop size, frequency of parasitisation, persis- 
tence of ripe syconia, and mass abscission were 
recorded for Ficus superba at the crop level. 
Percentage of unpollinated syconia is significantly 
negatively correlated with the number of foundresses 
per syconium, and positively correlated with the 
duration of receptivity, and the persistence of ripe 
syconia. Despite the absence of sesonality in repro- 
duction, the occurrences of receptive syconia and ripe 
syconia showed unimodal and bimodal peaks, respec- 
tively, owing to prolongment of these phases. This is 
attributable to meteorological factors, which are 
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hypothesized to influence pollinator dispersal, or 
population dynamics, and thus pollination rate. This 
highlights the overlooked significance of pollinator, 
and possibly frugivore phenology in accounting for 
Ficus reproduction, and suggests that while repro- 
duction may be aseasonal, reproductive potential may 
not be. Furthermore, crop size was shown to affect 
the number of foundresses per syconium, duration of 
receptivity, and persistence of ripe syconia. Possible 
adaptive value of producing crops of different sizes is 
discussed. 

Keywords Crop size • Fig phenology • 
Pollination rate • Reproduction • Seasonality 

Introduction 

The genus Ficus has been identified as a keystone plant 
resource in Africa, Southeast Asia, and the Neotropics 
for its aseasonal fruit production, required for the year- 
round survival of a wide range of vertebrate frugivores 
(Leighton and Leighton 1983; Terborgh 1986; Lam- 
bert and Marshall 1991; Tweheyo and Lye 2003). 
Milton (1991), in a study of fruit and leaf production 
phenology of Moraceae genera, including Ficus, 
added that this family may also be important for 
supporting animals that feed on the leaves in the 
Neotropics. However, Shanahan et al. (2001) viewed 
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the assertion as not convincingly tested, while Chap- 
man et al. (2005) questioned the importance of Ficus 
as a fall back resource for frugivores. 

As a keystone resource, the reproductive phenol- 
ogy of Ficus has a special relevance for conservation, 
and ecosystem integrity. Janzen (1979a) realized that 
the host-specificity, short lifespan of the pollinator, 
and usually high intra-tree figging synchrony of Ficus 
individuals, requires well-staggered overlapping 
reproduction of the Ficus individuals to sustain the 
species-specific Agaonidae pollinators. The success- 
ful persistence of this mutualism is indirectly crucial 
for frugivorous and folivorous animal species depen- 
dent on Ficus. Bronstein and Hossaert-McKey (1995) 
and Harrison (2000) have documented local extinc- 
tion of pollinators brought about by a hurricane and 
an El Niño-linked drought, respectively. However, it 
is unclear what this will portend for the mutualism in 
an imminent global-scale climate change (IPCC 
2007). 

The true magnitude of the impact may depend on 
the importance of both exceptional supra-annual 
meteorological events (e.g., El Niño Southern Oscil- 
lation) and regular interannual variation, the nature of 
cues for the timing of phenology, pre-adaptation to 
extreme conditions, fragmentation of habitats, the 
mobility and territory size of the mutualists etc. These 
factors have been variously discussed by Borchert 
(1998), Fenner (1998), and Corlett and Lafrankie 
(1998) in the general context of plant communities. 

In this case, the timing and interactions between 
the obligate mutualists could be more critical, and the 
phenology of the mutualists may be interdependent 
and feedback on each other. However, Ficus repro- 
ductive phenological studies are not helpful in 
clarifying matters. Many have focused on immediate 
meteorological explanations (e.g., Milton et al. 1982; 
Bronstein 1989; Milton 1991; Bronstein and Patel 
1992; Smith and Bronstein 1996; Zhang et al. 2006; 
Pereira et al. 2007), while few also studied supra- 
annual events (e.g., Bronstein and Hossaert-McKey 
1995; Harrison 2000). But they do not examine how 
meteorology could affect the phenology through 
pollinator-plant interaction, even though other stud- 
ies have shown that the duration of receptivity could 
be extended in the absence of pollinators (Bronstein 
1988; Khadari et al. 1995; Ansett et al. 1996a). 

Yang et al. (2000, 2005) have reported seasonal 
variation in pollinator foundress number, seed yield, 
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pollinator progeny yield, and empty galls in Xishu- 
angbanna, Yunnan, China. But no study has yet 
shown pollination rate affecting plant reproductive 
phenology. The aim of the present study on Ficus 
superba is to see if pollination rate is correlated with 
variation in reproductive phenology in the context of 
an equable climate, not disturbed by any supra-annual 
event. If the two are shown to be correlated to 
meteorological factors, a causal relation between 
meteorology, pollination rate, and phenology could 
be demonstrated, showing that the plant-pollinator 
interaction is responsive to more subtle environmen- 
tal cues than expected. Should this be the case, it 
would have to be factored in when extrapolating 
possible effect of climate and environmental changes 
on the long-term survival of both parties of the 
mutualism. 

Methods 

Species studied 

Ficus superba (Miq.) Miq. (subgenus Urostigma, 
section Urostigma, subsection Urostigma) occurs in 
exposed coastal habitats in Singapore in highly 
aggregated groups (C.K. Yeo, pers. obs.). It is a 
monoecious, deciduous species found in coastal and 
monsoon forests, ranging from Thailand through 
Java, the Lesser Sunda Islands, Borneo (Anambas 
and Natuna Islands), Sulawesi and Moluccas (Ceram) 
(Berg and Corner 2005). In the course of this study, 
plants were found predominantly as hemiepiphytes 
(stranglers), and lithophytes in human-modified envi- 
ronments, but only as lithophytes on Singapore's 
offshore islands with intact beach vegetation. Larger 
plants can become free standing reaching heights of 
up to 30 m with trunk diameter at breast height (dbh) 
of up to 3.6 m (C.K. Yeo, pers. obs.). Reproduction is 
generally synchronous within each plant, producing 
non-overlapping crops (C.K. Yeo, pers. obs.), bearing 
ramiflorous syconia on curved branches ca. 1 cm 
long (Berg and Corner 2005). The pollinator for the 
species is Platy scapa corrieri Wiebes (Wiebes 1994). 
Camarothorax sp. and Apocrytophagus sp. were the 
most common non-pollinating phytophagous chalcid 
wasps, accounting for almost all the non-pollinator 
wasps observed (C.K. Yeo, pers. obs.). 
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Study site and climate 

Singapore lies approximately 137 km north of the 
equator, with the Singapore Island centered at 
latitudes Io 19'N and longitude 104° 01'E (Foo 
2002). With a total land area of 604.2 km2, it consists 
of Singapore Island and 63 offshore islands (Foo 
2002). Mean daily temperature ranges from 25.5°C in 
December and January, to 27.3°C in May and June, 
varying only about 1.8°C over the year (Chia and 
Foong 1991). Northeast Monsoon occurs from 
December to March, and Southwest Monsoon from 
June to September (Foo 2002). There is no distinct dry 
period, with annual rainfall averaging at 2,345 mm, 
and monthly rainfall most abundant from November 
to January, and least in July (Foo 2002). Mean daily 
sunshine hour is highest in February, March and July, 
and lowest in November and December, while day 
length varies little over the year from 12.1 to 12.2 h 
(Chia and Foong 1991). Lowest mean daytime 
relative humidity occurs in February at 76.0%, and 
highest occurs in December at 82.5%, while maxi- 
mum daily relative humidity approaches 100% 
throughout the year (Chia and Foong 1991). Total 
monthly dry days, monthly mean relative humidity, 
total monthly sunshine hour, total monthly rainfall, 
monthly mean daily evaporation rate, monthly mean, 
minimum, and maximum temperatures obtained from 
Changi Meteorological Station (Meteorological Divi- 
sion, National Environmental Agency, Singapore), 
from January 2003 to December 2004, are plotted in 
Fig 1. It shows no distinctive seasonal pattern. 

Reproductive phenological study 

Phenological data were obtained from weekly obser- 
vation of 28 plants from the 28 September 2003 to 6 
March 2005, inclusive (526 days; 75 weeks). 
Twenty-three of the plants were from insular local- 
ities: nine sampled from Pulau Sajahat, and 13 from 
St. John's Island. The remaining plants were from 
three accessible locations on Singapore Islands, all 
within 5 km of the coast: four from Bedok, one from 
Nanyang Technological University, and one from 
Singapore Botanic Gardens (Fig. 2). The maximum 
distance between localities was 37.6 km, while most 
plants were within 1 km of the nearest neighbor. 
Twenty plants reproduced during the observation 
period, thus the remaining eight were classified as 

juveniles. The duration of the maximum overlap in 
observations between all 20 plants, lasting a contig- 
uous 58 weeks (19 October 2003 to 27 November 
2004), was used to estimate population level repro- 
ductive phenological parameters. 

The reproductive stage of each plant was scored 
from at least ten collected syconia per observation, 
whenever possible. The developmental stages were 
named according to Galil and Eisikowitch (1968), in 
the following developmental phase sequence: A 
(prefloral), B (with receptive female flowers), C 
(interfloral, pollinated and oviposited by pollinator), 
D (male flower efflorescence, wasp eclosión), E 
(syconia consumed by frugivores). The initial obser- 
vation (initiation) of each phase, as well as the 
duration for which the phase was observed (occur- 
rence) were noted. 

It has been observed that sparse ripe syconia could 
persist on plants for up to 13 weeks in low numbers, 
unable to attract frugivores (C.K. Yeo, pers. obs.), 
probably owing to a direct relation between crop size 
and frugivory (Korine et al. 2000). Therefore, a 
Phase E > 10% is added to designate a Phase E stage 
with at least 10% of ripe crop intact, to better reflect a 
period of effective seed dispersal. For comparison, 
vegetative leaf change phenology was also noted for 
all 28 plants, with a leaf change event marked by a 
loss of at least 90% of leaves followed by a flush of 
new leaves. 

Seasonality of phenology 

To test for the aseasonality of reproduction, pheno- 
logical data were analyzed as circular data. Fifty-two 
continuous weeks of phenological data were chosen 
for analysis, with Week 1 starting on November 30 
2003. Each week, the number of individuals exhib- 
iting a given reproductive stage of interest was noted. 
A week's observation was treated as a vector in a 1/ 
52 sector of a circle, whose length corresponded to 
the number of individuals at a given phenological 
stage. The peak occurrence of a stage in the year 
could then be estimated from the angle of the 
resultant vector (</>). The test statistic, z = nr2, was 
calculated from the total number of events observed 
(n) and the mean magnitude (r) of the resultant 
vector, following Batschelet (1981). Rayleigh's Test 
was used to detect significant unimodal or bimodal 
departures from random distribution. 
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Fig. 1 Plots of a Total monthly dry days, b Monthly mean 
relative humidity, c Total monthly sunshine hour, d Total 
monthly rainfall, e Monthly mean daily evaporation, and f 
Monthly mean, maximum, and minimum air temperatures 

obtained from Changi Meteorological Station (Meteorological 
Division, National Environmental Agency, Singapore), from 
January 2003 to December 2004 

Crop study 

Syconia were collected over the entire duration of 
individual crops (reproductive events), each consid- 
ered to start from the point of syconium initiation 
(Phase A). The reproductive events were classified as 
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either big or small. A small event is defined as one 
that initiated syconia fewer than 10% of full capacity 
of production. From repeated earlier observations 
made of a number of syconia-bearing curved 
branches chosen on easily observable parts of crowns, 
the maximum numbers of syconia they bore were 
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Fig. 2 Locations for F. superba plants used in the phenological study 

noted. Thus, the percentage of capacity realized could 
be estimated from the number of syconia produced by 
these reference branches. Failure and success of 
events were also noted, with failure defined as an 
event not culminating in Phases D or E. Abscission of 
more than 90% of any crop was noted as near- 
failures, if not devoid of Phase D or E syconia. 

The number of pollinator foundresses trapped in 
each pollinated syconium past-Phase B was noted, 
and the mean number of pollinator foundresses per 
syconium calculated for each reproductive event. The 
percentage of syconia unvisited past receptive Phase 
B (termed "failed female syconia"), duration of 
Phases B, E > 10% and E, percentages of syconia 
with all male or female pollinator broods, percentages 
of syconia with entire broods failing to eclose or 
disperse, and percentages of syconia with parasitic 
wasps, Camarothorax sp. or Apocrytophagus sp., 
were noted. Unpollinated past-Phase B syconia, 
although usually abscised, were often observed to 
be retained on a plant for a number of weeks or more 
rarely an entire reproductive event. They are easily 
identified from the senescent synstigmata and female 
flowers. Identification of the wasps was done using 
Boucek (1988) and Wiebes (1994). Rank correlation 
tests were used to test relation of crop quality 
characteristics to percentage of failed female syconia, 
mean number of foundresses per syconium, and 

duration of Phase B of each event. Their dependence 
on crop size was determined using Kruskal- Wallis 
tests, while Fisher's Exact Tests were used to 
determine if there was any relationship between crop 
size and failure or near-failure of reproductive events. 
Rank correlation and Kruskal-Wallis tests were 
performed using CoStat Version 6.310 (CoHort 
Software, U.S.A.). 

Effect of meteorological variables on phenology 

Weekly meteorological data of mean evaporation 
rate, mean, maximum and minimum temperatures, 
mean relative humidity, mean sunshine hours, total 
rainfall, and number of dry days were obtained from 
Changi Meteorological Station (Meteorological Divi- 
sion, National Environmental Agency, Singapore). 
The meteorological station was chosen for its coastal 
location, so that its data may be more representative 
of conditions experienced by the plants, even though 
Chia and Foong (1991) believed that the coastal 
influence on climate is negligible for Singapore. Rank 
correlation tests were performed, using CoStat Ver- 
sion 6.310 (CoHort Software, U.S.A.), with leaf 
change, start of reproduction (initiation of Phase A), 
and the occurrences and initiation of Phases B and E, 
against each meteorological variable preceding them 
by up to 8 weeks. 
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Results 

Reproductive phenology 

Each reproductive plant on average initiated repro- 
duction 4.03 ± 1.75 times a year. The average 
duration of reproduction, from Phase A to Phase E, 
lasted 7.66 ± 3.33 weeks, and the average duration 
between the initiation of reproduction averaged 
11.61 ± 7.39 weeks. Leaf change was observed in 
24 plants, and each plant on average underwent 
1.22 ± 0.11 leaf changes a year. 

The initiation of reproduction and phases appears 
to be random or aseasonal, but the occurrences of 
Phases B and E > 10% show unimodal, and occur- 
rence of Phase E shows bimodal departures. The 
peaks are attributed to longer duration of the phases 
rather than clustered initiation. See Fig. 3 for 
monthly mean durations of Phases B, E > 10%, 
and E. Big events, small events and the sum of 
failures and near-failures also appear to be random, 
while significant departure is noted for leaf change. 
The alternative hypothesis for its bimodal distribution 
could not be rejected. See Table 1 for details. 

In all, 86 reproductive events were observed in 
their completion (from Phases A to the end) within 
the 58 weeks. Of these 22 were small events. Fisher's 
Exact Tests were performed to determine if the small 
events were more prone to produce failures (three of 
the small, and two of the big events) or failures plus 
near-failures (four of the small, and six of the big 
events), compared to big events. The results failed to 
reject the null hypotheses of no difference in their 

12-1  
l-e-B 
-B-E*10 percent 

Nov Dec Jan Feb Mar Apr May Jun JJ Aug Sep Oct Nov Dec 
•03 '03 '04 '04 '04 '04 '04 '04 '04 "04 '04 '04 '04 '04 

Fig. 3 Monthly mean duration of Phases B, E > 10%, and E 
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numbers of failures (P = 0.103), or near-failures plus 
failures (P = 0.227). 

Crop characteristics 

Detailed notes on the syconia were recorded for 50 of 
the 86 complete events observed. Percentage of failed 
female syconia is significantly positively correlated 
to percentages of syconia with all female broods 
(Spearman r = 0.437, P = 0.05), with broods failing 
to eclose (Spearman r = 0.447, P = 0.03), duration 
of Phase E (Spearman r = 0.476, P = 0.03), and 
negatively to mean number of pollinator foundresses 
per syconium (Spearman r= -0.510, P < 0.005). 
Mean number of foundresses per syconium is signif- 
icantly positively correlated to percentages of syconia 
with broods that failed to eclose (Spearman 
r = 0.503, P < 0.01), and with all male broods 
(Spearman r = 0.458, P = 0.03). Duration of Phase 
B is significantly positively correlated to percentage 
of failed female syconia (Spearman r = 0.676, 
P < 0. 005), percentages of syconia with broods that 
failed to eclose (Spearman r = 0.528, P < 0.005), 
and with all male broods (Spearman r = 0.520, 
P < 0.005), durations of Phases E > 10% (Spearman 
r = 0.430, P = 0.005) and E (Spearman r = 0.520, 
P < 0.005). Furthermore, duration of Phase B was 
also found to be correlated significantly with the 
duration of other subsequent developmental phases, 
such as Phases C (Spearman r = 0.364, P = 0.02) 
and D (Spearman r = 0.356, P = 0.03). 

We wanted to see if the percentage of failed female 
syconia, mean number of foundresses per syconium, 
and durations of Phases B, E > 10%, and E could be 
related to size of crop. Kruskal- Wallis tests showed 
that small events have higher mean number of foun- 
dresses per syconium (H = 6.05, P = 0.04), shorter 
Phases B (H = 12.88, P = 0.01), and E (H = 8.22, 
P = 0.01). Besides shorter Phase E > 10% (H = 
4.67), small events also have lower percentages of 
failed female syconia (H = 2.05), syconia with single- 
sex broods (H = 0.595 for all male, H < 0.001 for all 
female), and pollinators failing to eclose or disperse 
(H = 0.081, and H = 1.31, respectively), and higher 
percentages of syconia with two species of non- 
pollinating wasps, Camarothorax sp. (H = 0.223) 
and Apocrytophagus sp. (H = 1.62), but they are 
non-significant. AU P- values reported above have been 
amended with Bonferroni corrections. 
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Table 1 Results of Rayleigh's Test for uniform distribution 

Phases Alternative hypothetical distribution Peak(s) Test Statistic (z) P 

Start of reproductive events Unimodal 18 Jan 2004 1.690 >0.1 
Initiation of B Unimodal 1 Feb 2004 2.805 >0.05 
B Unimodal 1 Feb 2004 6.617 <0.01 
Initiation of E Unimodal 28 Mar 2004 1.167 >0.1 
E > 10% Unimodal 29 Feb 2004 4.405 <0.02 
E Bimodal 11 Jan 2004, 11 Jul 2004 3.913 <0.02 
Leaf change Bimodal 21 Dec 2003, 20 Jun 2004 3.032 <0.05 

Big events Unimodal 1 Feb 2004 1.902 >0.05 
Small events Bimodal 21 Dec 2003, 20 Jun 2004 2.509 >0.05 
Failures plus near-failures Unimodal 14 Mar 2004 2.717 >0.05 

"Unimodal" and "bimodal" refer to the alternative hypotheses of unimodal or bimodal peaks in phases being tested using Rayleigh's 
Test. In cases where both alternative hypotheses are rejected, only the result with a smaller P-value is tabulated 

Relationship between weather and phenology 

While leaf change shows significant correlation to 
total sunshine hours, total rainfall, and number of dry 
days, there are only non-significant correlations 
between meteorological variables and the initiation 
of syconia. However, there are significant correlations 
between maximum temperature, minimum tempera- 
ture, mean temperature, relative humidity and total 
rainfall, and occurrences of reproductive Phases B and 
E (see Table 2 for details). There is a 4 to 5- week lag 
for Phase B, and an 8- week lag for Phase E. The 
relationships between meteorological factors and 
Phase E mirror those with Phase B, probably due to 
the developmental relation between the two phases. 
This agrees with the correlation between occurrences 
of Phase B and Phase E with a 4- (Spearman 
r = 0.491, P < 0.001) to 5-week lag (Spearman 
r = 0.498, P < 0.001). The lag is probably reflective 
of the duration of intervening development. The 
strongest positive correlation is found between Phase 
B and mean humidity, and strongest negative corre- 
lation, between Phase B and mean temperature. 

Discussion 

Dependence of reproductive output on duration 
on pollination rate 

The initiation of syconium production in F. superba 
appears to be random or aseasonal, and does not show 

dependence on meteorological factors. Aseasonality 
could be an adaptive feature, as Kjellberg and 
Maurice (1989) and Anstett et al. (1995, 1997) have 
demonstrated with simulations that the number of 
plants needed to support the pollinator increases with 
seasonality of reproduction. This contrasts with leaf 
change, which shows departure from randomness and 
correlation with meteorological variables. This 
affirms that the plants are able to perceive meteoro- 
logical cues despite the equable climate, and more 
importantly, it is supportive of the view that repro- 
ductive and vegetative phenology may to differing 
degrees be internally controlled and externally influ- 
enced (Borchert 1983). 

Despite the randomness of reproductive events, the 
occurrences of Phases B, E > 10%, and Phase E 
showed peaks. Variable availability of pollinator is 
suspected to be the cause of the discrepancy, as 
earlier studies have shown that the duration of Phase 
B could be extended by 2-3 weeks in the absence of 
pollinators (Bronstein 1988, Khadari et al. 1995, 
Ansett et al. 1996a), while receptive syconia were 
observed to persist non-senescent for up to 4 weeks 
in F. superba (C.K. Yeo, pers. obs.). The hypothesis 
appears to be borne out by the positive correlation 
between the percentage of failed female syconia 
(inverse of pollination rate) and duration of Phase B, 
and the negative correlation between the former and 
mean number of pollinator foundresses per syconium 
(pollination intensity). 

There are also significant correlations between the 
duration of Phase B and all subsequent phases within 

Ô Springer 

This content downloaded from 217.44.55.43 on Sun, 5 May 2013 13:55:23 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


242 Plant Ecol (2009) 205:235-248 

CA 

> 

o 

■f s 
I 

I 
•o 

w 

OÛ 

1 
'S 

o 

I 

'S 

1 
§ 
S 
¡s 
I 

§ 

1 

i 

'S 

•a cocNcNQt^^HOOoot^NTfou-icovo^HTrçKiOi-HOinoooovooooNírj*-* G S? O O O O *~H '™H '~H O íN c^l co O ^ '"H O O ^5 O (N CN O O ^^ C^ ^H ^5 O '"■^ 

¿jj,g ööödööööcJöööööodööoddöoöödoö 

ä ^HOoor^íooot^oo'^-oor^cN'noNO^Tí-vot^N^Htxvo^tONvovofsivo 

H '§S òò^^^dd^òòòdòòòcì^ciòd^dòò^ 

gg I 
•S vooor^eNíooowioo^r^oooNOOONcnoo-^-ONoor^cN^HiooNvoo^m 

o § o doodddddcJdcJodddoddodddoddood 

_ä vofo^ïoooTtTtON^HVomo^-ONOu-icsoNoocNor-t^invou-i^HON 

S5w oddooooooooooododocSodocSooooo 

SéI 2)oooo5^^iû^oo^ooMMMH'OfnHQooo^^o'|o^^^^O^ 
g f ^ ppíNp^pppppp^ppcsríppoippp^p^p^p 
Sl^i d(j^cj>dd<j|ddò<j|^d<j|{jl^d^{jl^^<jicl<j 

S^° ddodddddddddodooddooodcJtídodd 

il 8 
2 fi rT f-H^HOO»- 'fNppp^^ppppfNppp^O^^^HfSIO'-^OC^^H 
g gr ododddodddododooodtíoooodootío 

I 
cã * 

2^c pppp^p^^^'-HCNp^pppp^HCSrs^p^HCN'-^^Hpo 

•fi -C JS -C J3 J3 J2 o* O( a, a, a. a- a< 
.§ .$ .$ $ u s sí 
•*-• *j '-C *-ö *w '-C 'S 

§ «^ S& S& S& S^ i & i & 

2 > h-JC/îCUPhJcOCUO^iJc/îCIhCUiJADhCuJ^CuCLii-J^CUOhiJ^CUCIh 

>^o ^h es en ri- io vo 

ô Springer 

This content downloaded from 217.44.55.43 on Sun, 5 May 2013 13:55:23 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Plant Ecol (2009) 205:235-248 243 

j 
8 

H 

'S 

£>L ^hoo- « - pop 
^^g ddo'dòddo' 

S^g (N^^^ra^pcN 0 -a g o' ©©podo© M u. >^ I 

.5 ^" vOON^tO»0>OvOO 

Õ § o dooddddo 

D 
#> 

1 - ï 
«¿D^ ÖÖÖÖÖÖÖ& ¿1 £ w 

I * 

il 
§ § o oododddoj 

S â -a 
.3 0 moor^cnTj-'oOfN ^ 

II" i?????^ | 
VI 

I ' 
fe cN^^ONooyor^o^H * 

C2O CNt^CSCNOCN^-ON * 
&&Ë (NOpp-H^Hp^ - 

«§>Ë dddddddo .tá 

p 
D D O 

I I vi 

'S 'S 'S 
sill 
'g* II II .§ 

-2 
DO I ^ DO ^ 

crops, including E > 10% and E. This implies that a 
scarcity of pollinators lengthens receptivity, and the 
staggered pollination leads to the prolongment of 
these later phases. This is corroborated by observa- 
tion that despite synchronous initiation of syconia 
within plants, developmental^ consecutive stages 
often overlap temporally (C.K. Yeo, pers. obs.). 

Taken together, it is strongly suggestive that even 
with apparently aseasonal initiation of reproduction, 
temporal variation in pollinator availability influ- 
ences not just the duration of receptivity, but also 
reproductive output through the percentage of fruit 
set, and the duration of availability of ripe syconia for 
frugivores. The same is likely to apply to Ficus 
species with more seasonal reproduction. These 
possibly significant deviations from expectation are 
not apparent from phenological studies focused on 
crop initiation alone. 

Dependence of pollination rate on meteorological 
factors 

Correlations between the occurrence of Phase B and 
meteorological variables are the strongest with mean 
relative humidity and mean temperature, at a 4-week 
lead (Table 2). As timing of initiation of reproduction 
is not related to weather variables, and the duration of 
receptivity has been linked to pollination rate, it 
seems likely that this could be due to the direct effect 
of weather on the population dynamics or dispersal of 
the pollinator, which in turn affects pollination rate. 

This could happen during the short lifespan at the 
dispersal of the immediate predecessors of the 
pollinators of the affected crops, measurable in days 
(Kjellberg et al. 1988); or more likely, during the 
predecessors' development within syconia, as polli- 
nator development (Phase C) takes about 3 weeks 
(C.K. Yeo, pers. obs.). Seasonal weather has been 
reported to affect the rate of syconium development 
(e.g. Zhang et al. 2006; Pereira et al. 2007), and 
cause seasonality in the initiation and synchrony of 
reproduction within and between plants (e.g. Milton 
et al. 1982; Bronstein 1989; Bronstein and Patel 
1992; Smith and Bronstein 1996; Harrison et al. 
2000; Tweheyo and Lye 2003). 

However, this study has shown for F. superba that 
the initiation of reproduction is aseasonal, and signif- 
icant positive correlations exist between the duration 
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of Phase B and all subsequent phases, inclusive of 
Phase C. This suggests that the staggering of pollina- 
tion leads to the staggering and lengthening of later 
developmental phases. Furthermore, the narrow 
spread of Phase C duration (2.75 ± 0.86 weeks, 
coefficient of variation = 0.313) (C.K. Yeo, pers. 
obs.) suggests that the variation in the rate of 
syconium development is minor compared to what 
Zhang et al. (2006) and Pereira et al. (2007) observed 
for Ficus species in more seasonal climate. Thus, the 
less seasonal climate may not affect syconium devel- 
opment directly except through pollination. 

Furthermore, as pollinator dispersal is wind- 
dependent (Ware and Compton 1994a, b), the 
stochasticity in the arrival of the pollinator may be 
sensitive to prevailing wind conditions. This is worth 
further investigation, as the occurrence of Phase B 
was found to peak in February, which coincides 
roughly with the Northeast Monsoon coming in from 
the South China Sea. This has the strongest and most 
directional winds in the year (Chia and Foong 1991). 
Thus, the possibility that it may be a poorer source of 
the pollinator compared to winds coming in over 
regions rich in coastal habitats inhibited by F. 
superba, merits further investigation. 

Despite the prolongment of receptivity attributable 
to lower pollination rates, as shown by the significant 
positive correlation between the duration of Phase B 
and percentage of failed female syconia, there is no 
corresponding pattern found in the temporal distri- 
bution of reproductive failures and near-failures. This 
could be indicative of the success of Phase B 
extension in damping out out-right reproductive 
failures caused by the stochasticity of pollinator 
arrival. However, such a conclusion should be 
substantiated by more direct evidence. 

Further study should furnish data on the temporal 
variation in pollinator arrival, quantify crop size, 
abscission, as well as pollination rate. Pollinator 
arrival may be gauged as Compton et al. (2000) did 
using non-attracting sticky traps. Owing to the 
potentially great distances the pollinator wasps reg- 
ularly traverse (Nason et al. 1998), a large represen- 
tative area may need to be sampled. However, local 
factors such as habitat fragmentation and density of 
individuals are known to affect pollination and 
parasitization rates (Wang et al. 2005), thus they 
should also be addressed as well in a well-considered 
study. 

£l Springer 

Persistence of ripe syconia 

Although the non-random persistence of ripe syconia 
could have simply resulted from fluctuation in Phase 
B duration, as suggested by the strong correlation 
between durations of Phase B, Phase E and Phase 
E > 10%, the departure from complete congruence 
between the mean duration of Phases B and E > 10% 
(Fig. 1), suggests that factors other than delayed 
pollination may be important. Seasonal variation in 
frugivory comes to mind, though not addressed in the 
present study, as frugivore numbers and species have 
been observed to vary over both space and time 
(Bronstein and Hoffmann 1996), and has been linked 
with seasonal availability of alternative food sources 
(Ragusa-Netto 2002). 

The syconia of F. superba are consumed by birds 
of various families, such as house crow (Corvus 
splendens (Corvidae)), pink-neck pigeon (Treron 
vernans (Columbidae)), white-vented myna (Acridot- 
heres javanicus (Sturnidae)), glossy starling (Aplonis 
panayensis (Sturnidae)), and straw-headed bulbul 
(Pycnotus zeylanicus (Pyconotidae) (C.K. Yeo, pers. 
obs.). Richard T. Corlett (pers. comm.) also observed 
fruit bat, Cynopterus brachyotis (Pteropodidae), 
feeding on the ripe syconia. 

A predominantly bird-dispersed species, F. superba 
would be expected to have syconia that ripen gradually 
rather than synchronously, in the light of the study of 
Korine et al. (2000), which demonstrated the relation- 
ship between synchrony of crop ripening, and bird or 
bat frugivory in Ficus species. Thus, the prolonged 
availability of ripe syconia may not just be caused by 
the staggered pollination, but may also be an adapta- 
tion to its avian dispersers. However, as combined data 
on frugivore activity and alternative food source 
availability were not systematically collected for the 
present study, such conclusion cannot be drawn until a 
proper study is done. This would contribute signifi- 
cantly to our understanding of the keystone genus and 
its interactions with frugivores. 

Possible adaptive significance of crop size 

Small events in F. superba have higher mean number 
of foundresses per syconium, and shorter Phase B, 
implying that crop size can modulate pollination rate. 
This is unexpected, if the amount of pollinator 
attractant produced is proportional to crop size and 
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synchrony (Janzen 1979a; Bronstein 1987; Windsor 
et al. 1989; Smith and Bronstein 1996), and olfactory 
in nature (Ware et al. 1993; Hossaert-McKey et al. 
1994). If so, a larger receptive crop should attract 
more pollinator wasps over a greater distance and 
secure greater pollination success. Instead, pollinator 
scarcity seems to be widespread, as shown by the 
prevalence of unvisited syconia, found in 60 percent 
of examined crops, and making up on average 23% of 
the affected crops (C.K. Yeo, pers. obs.). 

The present study shows that small crops tend to 
produce a slightly greater proportion of pollinated 
syconia. Thus more small crops are expected be 
initiated if crop set is to be maximized. That crops of 
both classes are initiated apparently aseasonally 
raises the question of whether varying crop sizes 
could be adaptive. If reproductive success is con- 
ceived to consist of two components, seed set and 
pollinator production, the production of seeds or 
pollinator progenies could be seen as a tradeoff 
between the male or female functions in monoecious 
species (Janzen 1979b; Ansett et al. 1998, 1996b). 
Thus, it is hypothesized that crop size could be a 
viable way of modulating such a tradeoff. 

How could this work out for monoecious Ficus 
species? Ansett et al. (1996b) have reported that the 
number of seeds produced by a syconium of F. aurea 
Nutt. is inversely related to the number of foundress- 
es. Herre (1989, 1996) has reviewed it to be generally 
true for several other species, and that there is a 
negative relationship between seed and wasp pro- 
duction. If applicable to F. superba, crop size could 
tip the investment toward seeds or wasps by modi- 
fying pollination intensity. 

Large crops of F. superba, having fewer pollina- 
tors per syconium, are expected to produce more 
seeds and fewer pollinator wasps. Should large crops 
attract more frugivores as Korine et al. (2000) 
observed, and promote the establishment of new 
plants, that would further augment the female func- 
tion. Large crops also have somewhat greater 
proportions of syconia with single-sexed broods, 
and pollinators failing to eclose or disperse. The 
former could be attributed to the arrhenotokous 
haplodiploid reproduction of the pollinator (West 
et al. 1997), with single-foundress broods more 
prevalent in large crops. Thus, it appears the gain in 
female function comes with some loss of male 
function. 

On the other hand, small crops have slightly higher 
rates of parasitisation by Camarothorax and Apocry- 
tophagus, suggesting that emphasizing male function 
of pollinator wasp production comes with higher 
parasitisation. This seems to be in line with the 
expectations of Harrison and Yamamura (2003), who 
broadened the reproductive tradeoff to include 
exploitation by non-pollinating fig wasps in account- 
ing for the evolution of dioecy. Harrison and 
Yamamura (2003) suggested that dioecy evolved to 
result in female plants bearing a lower parasite load 
compared to male and monoecious plants. Thus, 
similar trends may be occur when monoecious F. 
superba produces crops biased toward fulfilling the 
male or female functions. 

These tentative trends and speculations merit 
larger scale, multi-population, longer duration studies 
to corroborate their consistency. Although the cate- 
gorizing of crops into two size classes is sufficient to 
reveal some significant trends, more could be 
accomplished if finer standardized quantitative mea- 
sures of reproductive success could be adopted for 
future studies. Unfortunately, few phenological stud- 
ies quantify the size of crops, the numbers of seeds, 
wasps and galls per syconium in each syconium, and 
frugivory at the crop level. More detailed studies on 
these aspects, e.g., along the line of work conducted 
by Corlett et al. (1990), Yang et al. (2000, 2005), 
Wang et al. (2005), and Korine et al. (2000) would 
be beneficial. Certainly, such data would be necessary 
to corroborate the hypothesized adaptive function of 
crop size in Ficus species. 

Conclusions 

This study has shown the effect of pollination rate on 
the duration of receptive Phase B in F. superba, 
despite the underlying aseasonal reproduction and 
equable climate. This could in turn affect crop set and 
quality, and in combination with frugivore availabil- 
ity, the persistence of ripe syconia. Thus, even though 
reproductive initiation may be random, reproductive 
output may not be. Surprisingly, the plant also shows 
some influence over pollination rate and persistence 
of ripe syconia through variation in crop size. The 
possible adaptive value of this has been discussed in 
terms of its modulation of the tradeoffs between seed 
production, pollinator production, and guarding 
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against parasitisation. This highlights that pollinator 
phenology, and possibly frugivore phenology, should 
be fully considered for a more complete explanation 
of Ficus reproductive output and phenology. 

The plant-pollinator-frugivore interactions, and the 
pollinator and frugivore tracking of the low-density, 
asynchronous resources, are unqualified. This makes 
it difficult to determine the impact of climate change 
on the long-term survival of the pollinator-plant 
mutualism. Climate change could affect the plant 
reproductive timing, output and quality both directly, 
through the phenology of plants, and indirectly, 
through the recursive interactions between the mutu- 
alists. These points have yet to be addressed to date in 
a comprehensive study. 

Finally, F. superba could be a valuable model 
species to study for the impact of climate change on 
Ficus species. It is found in coastal and monsoon 
forest habitats (Berg and Corner 2005), thus it may be 
more at risk from climate change, as sea-level rises, 
and droughts and floods intensify in the tropics (IPCC 
2007). The thinning of the host plant populations and 
resulting synchronization of pollinator population 
dynamics through synchronization of plant phenol- 
ogy in the remaining populations will affect it sooner 
than species inhabiting less marginal habitats. There- 
fore, what befalls this species may be a harbinger of 
what will happen to other Ficus species as the climate 
and environmental changes progress. 
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