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Abstract : The floral syndrome of Zizyphus mauritiana Lamk. (Rhamnaceae) reflects its adapta-
tion to insects. We examined the blossom visitor assemblage of Z. mauritiana in relation to plant den-
sity. Results indicate that flowers of this plant species are visited by 86 species of insects which con-
sisted 32 species of wasps, 30 flies, 18 butterflies and 6 bees. Pollinators exhibited temporal fluctua-
tions in their visits. More number of insect species visited the flowers with lower intensities (1 to 10 
visits m-2 h-1). It is observed that intensity of pollinators species increases with increased plant density. 
Number of pollinators species and their individuals showed significant difference among the blossoms 
of three patches of plant density. Similarly, the diversity of pollinators was maximum on dense popula-
tion and minimum on isolated plant. 

 
Resumen: El síndrome floral de Zizyphus mauritiana Lamk. (Rhamnaceae) refleja su adaptación a 

los insectos. Nosotros examinamos el ensamble que visita las flores de Z. mauritiana en relación con la 
densidad vegetal. Los resultados indican que las flores de esta especie vegetal son visitadas por 86 es-
pecies de insectos, los cuales incluyeron 32 especies de avispas, 30 de moscas, 18 de mariposas y 6 de 
abejas. Los polinizadores exhibieron fluctuaciones temporales en sus visitas. Un mayor número de es-
pecies de insectos visitaron las flores que tenías menores densidades (1 a 10 visitas m-2 h-1). Se observó 
que la intensidad de las especies de polinizadores aumenta con el incremento de la densidad de plantas. 
Los números de especies de polinizadores y sus individuos mostraron que hay diferencias significativas 
entre las flores de tres manchones de densidad vegetal. Asimismo, la diversidad de polinizadores fue 
máxima en poblaciones densas y mínima en las plantas aisladas. 

 
Resumo: O sindroma floral na Zizypphus mauritiana Lamk (Rhamnaceae) reflecte a sua adapta-

ção aos insectos. Examinámos os visitantes nos botões florais na Z. mauritiana em relação à densidade 
das plantas. Os resultados indicam que as flores desta espécie são visitadas por 86 espécies de insectos 
dos quais 32 espécies são de vespas, 30 de moscas, 18 borboletas e 6 abelhas. Os polinizadores exibiram 
flutuações temporais nas suas visitas. Maior número de espécies de insectos visitou as flores com menor 
intensidade (1 a 10 visitas m-2 h-1). Foi observado que a intensidade das espécies polinizadoras aumen-
tou com o aumento da densidade das plantas. O número de espécies polinizadoras e as suas hospedeiras 
mostraram diferenças significativas entre os botões florais de três manchas de densidade de plantas. 
Semelhantemente, a diversidade dos polinizadores era máxima nas populações densas e mínima em 
plantas isoladas. 
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Introduction 

Pollination results in the production of disper-
sal units (fruits and seeds) which permit coloniza-
tion of new sites. The large majority of tropical 
trees rely exclusively on animals to transfer their 
pollen. Most of the tropical plant species have 
evolved relationships with a variety of animals, 
ranging from tiny thrips and midges to bees and 
large bats, to shuttle pollen between trees. These 
relationships can be quite specific, with one type of 
insect being solely responsible for pollinating the 
flowers of a particular plant species. 

Many recent studies have demonstrated that 
most of the plant species are pollinated by a di-
verse assemblage of pollinators (Bawa 1994; 
Herrera 1988, 1996; Thompson 2001; Waser et al. 
1996; Wilson & Thompson 1991). Both size and 
density of a plant species are known to affect polli-
nation and subsequent reproductive performance 
(Bosch & Waser 1999; Feinsinger et al. 1991; 
Klinkhamer & De Jong 1990; Kunin 1993, 1997; 
Mustajarvi et al. 2001; Sih & Baltus 1987). 

Zizyphus mauritiana Lamk. (Rhamnaceae) is a 
medium size tree, grows commonly within villages 
of central India. This species produces disciflorous 
flowers, where the disc on the thalamus serves as 
a nectar producing organ. The nectar smeared disc 
in open sunlight gives an impression of exposed 
sugar drop, which serves to attract a great variety 
of pollinators, creating a polyphilic system. The 
present paper provides data on foraging activities 
and diversity of flower visiting insects (pollinators) 
in relation to plant density of Z. mauritiana. 

Materials and methods 

This study was conducted in the campus of 
A.P.S. University, Rewa (M.P.). It lies between 
latitude 24°-20′ N and 81°-20′ E and 616 meters 
above MSL. The mean annual total rainfall of this 
region is 1019.60 mm, with maximum and mini-
mum average temperatures being 31.4°C and 
19.2°C respectively. 

Field studies were carried out during October 
2001. Ten plants of Z. mauritiana were marked 
and observations were made at one-week interval 
for phenological traits such as appearance of 
flower buds, flower anthesis, completion of flower-
ing, and duration of flowering. Five twigs, each of 
15 cm length from tip of the branch, having 8-10 

axillary flower clusters of different stages of flower 
development, were brought to the laboratory in 
closed polythene bags. Samples were brought in 
polythene bags to avoid their drying before study. 
The axillary clusters were analysed for average 
number of buds and flowers. Flowers were further 
analysed for their sexual stages of development, 
i.e. maleness or femaleness. From such data sex 
ratios based on number were determined (Yadav 
1990). 

Visual fields of 1 m2 (3 for isolated, 14 for in-
termediate, and 21 for dense plants) area were 
marked by threads on flowers bearing branches of 
lower heights. The blossoms in these fields were 
observed for the period of 15 minutes at each hour 
between 0600 to 1800 hrs. Insects making visits to 
the blossom were recorded at each observation for 
species and their individual numbers. This study 
was carried out for seven days during peak flower-
ing period (09 October to 15 October 2001) of the 
plant species. Some individuals of each insect spe-
cies were collected and brought to the laboratory, 
and identified with the help of previous collections. 
Those, which could not be identified, were sent to 
the Commonwealth Institute of Entomology, Lon-
don for systematic identification. 

The intensity of insects was studied in relation 
to three grades of plant density (Levin & Kerster 
1969); (i) isolated plant (1 plant), (ii) intermediate 
(patch of 7 plants), and (iii) dense (patch of 21 
plants). Temperature records were kept at each 
hour throughout the study period. We also calcu-
lated the Shannon Wiener species diversity index 
(H¯) of blossom visiting pollinators in relation to 
time and three density classes of Z. mauritiana 
(Shannon-Weaver 1949). The insects were sampled 
at three times in a day; morning (08.00 hr), after-
noon (14.00 hr) and early evening hours (17.00 hr). 
This sampling was done during the peak period of 
flowering of plant species. The relative abundance 
for each species, making visits to blossoms, was 
determined (Yadav 1990). 

Results 

Flowering phenology and floral biology 
Zizyphus mauritiana is a post-monsoon 

bloomer. Flower buds appeared during the second 
week of the September and started opening by the 
last week of the same month. The flowering came 
to an end during the first week of November. Thus 
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the flowering lasted for about one month. The 
flowers are hermaphrodite and reveal protandry 
(dichogamy). Anthesis occurs during noon and the 
floral span of this species is 16.30 hr. The species 
exhibits a definite female bias in its numerical sex 
ratios. Flowers are greenish-cream in colour and 
give aminoid smell during hot and dry days. The 
nectar quantity seems to be very less but swollen 
floral disc deceitfully created impression of nectar 
drop, which shines in the light, creating sufficient 
stimulus to attract a number of insect species. 

Flower-visiting insects 
A total of 86 species of insects were recorded 

on the blossom of Z. mauritiana during seven days 
period. This insect community consisted 30 species 
of flies, 32 wasps, 18 butterflies and 6 bees. Thus 
wasps contributed maximum (37.20%) to the polli-
nator guild (Fig. 1) followed by flies (34.88%), but-
terflies (20.93%) and bees (6.97). Results reveal 
that flowers of this plant are predominantly vis-
ited by flies and wasps. The relative abundance of 
different insects species varied among four pollina-
tor types. Of 32 species of wasps, Cerceris tristis, 
C. albopicta, C. pictiventris, C. pulchra, C. 
suphureus, Tachytes erythopoda, Oxybellus 
squamosus, Rhynchium molleryii, Sceliphron 
madraspatanum, and Ammophila nigripes were 
numerically abundant. Among the flies, the abun-
dant species were Syritta pipiens, Antherogona 
nudiseta, Musca conducens, Daucus cucurbitae, 
Antherogona oreintalis, Musca sorbens, Physiphora 
aenaea, Ischiodon scutellaris, Myospila lenticeps 

and Paragus serratus. Comparatively higher val-
ues of relative abundance, recorded for butterflies, 
were Zizera gaika, Tarucus theophrastus, Tarias 
hecabe, Precis almana, P. brassiceae, Spindasis 
natalensis, Euploea coreta and Atelta phalantha. 
The abundant bees were Crocisa ramosa, Halictus 
sp., Apis florea and Apis indica. 

Pollinator intensity and species incidence in 
relation to plant density 

The blossom visiting insects of Z. mauritiana 
started their visits early in the morning (between 
0600 to 0700 h) and tended to increase in their 
numbers upto 10.00 h (Fig. 2). However, there was 
a sharp decline in the species number and their 
individuals afterwards upto 1500 h. An increased 
insect activity resumed again during 15.00 to 
16.00 h which tended to decline during the subse-
quent hours. It is observed that blossom visiting 
insects species (no. m-2h-1) and their individuals 
(m-2 h-1 sp-1) increased with increase in plants den-
sity (Fig. 2). Comparatively higher number of pol-
linator species (Fig. 3) were recorded on dense 
plants (average, 45.16 m-2 h-1) to be followed by 
intermediate (average, 32.16 m-2 h-1) and isolated 

 
Fig. 1. Percentage contribution of different groups to
the pollinators guild of Zizyphus mauritiana (F = Flies;
W = Wasps; BT = Butterflies, BE = Bees). 

 
Fig. 2. Pollinators intensity (no. m-2h-1) in relation to
time and plant density of Z. mauritiana; (a) Total insect
species, (b) Total individuals. 
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plants (average, 22.5 m-2 h-1). Similarly, the aver-
age number of individuals per species was re-
corded to be higher for dense plants, (15.17 m-2 h-1) 
and lower for isolated plant (5.30 m-2 h-1). There 
was significant difference between the number of 
pollinator species (F=7.36, d.f. 2, 33; P>0.01) and 
individual numbers (F=7.86, d.f. 2, 33; P<0.01) on 
the blossoms of three grades of plant density. 

Although, intensities of pollinator visits de-
clined with decreased plant densities, their pat-
terns i.e. temperature dependent initiation of vis-
its, periods of peak visits and decline did not get 
upset. There are temporal fluctuations in pollina-
tor intensities but visits do not stop totally 
throughout the day. However, two peaks of insect 
intensities have been observed. The first was ob-
served between 09.00 to 11.00 h and the second 
peak between 15.00 to 16.00 h. These are the 
peaks when maximum number of pollinators vis-
ited the blossoms. 

Distribution of pollinator species number in 
different intensity classes reveals that more spe-
cies of pollinators visited the blossoms during the 
noon and lesser during the evening hours. Also, 
highest number of species was recorded in the low-
est intensity class (1 to 10 visits m-2 h-1) and simi-
lar trend was observed for all the three classes of 
plant density. Very few species visited the flowers 
with high intensity (50-60-visit h-1) 

Pollinators incidence in relation to  
temperature 

Pollinator incidence on blossom in relation to 
temperature has been investigated (Table 1). The 
incidence was measured in terms of number of 
species and mean number of individuals for four 
groups of blossom visitors. Diurnal temperature 
variation ranges from 22ºC to 38ºC. Results show 
that bees and butterflies did not make their visits 
to the blossom during the lower temperature range 
(15ºC to 25ºC). This temperature range, however, 
is marked by the visits of wasps and flies. The 
most favourable temperature range was 25ºC to 
35ºC for the visits of pollinators. Wasps, flies, bees 
and butterflies visited maximum during this tem-
perature range. 

Pollinators diversity 
High pollinator diversity was observed on 

dense patch of the plant species and low on iso-
lated plant. Higher values of species diversity were 
recorded for the afternoon samples, followed by 
morning and early evening samples for all the 
three categories of plant density (Fig. 4). 

 
Fig. 3. Average number of pollinator species (m-2h-1)
and per species individuals (m-2h-1sp-1) in relation to
plant density of Z. mauritiana. 
 

Table 1. Incidence and intensity (no. m-2h-1) of pollinator species of Zizyphus mauritiana in relation to
deil temperature intervals. 

Temperature 
15° - 25°C  25° - 35°C 35° - 45°C Class of blossom  

visitors 
Species Average no. of 

individuals Species Average no. of 
individuals Species Average no. of 

individuals 
Wasps 1  7.2  ±  0.00 30  98.589 ±  2.006 23  17.63  ±  4.618 
Bees   6  46.4  ±  0.104 4  6.00  ±  0.166 
Flies 5  6.72  ±  0.312 12  161.2  ±  2.289 8  12.30  ±  0.258 
Carrion and dung flies 6  4.8  ±  0.51 9  158.166 ±  2.08 8  10.2  ±  0.561 
Hover flies 5  3.84  ±  0.26 10  92.14  ±  0.365 4  10.8  ±  0.165 
Butterflies   18  42.4  ±  3.001 10  7.68  ±  0.49 
Total 17  85  57  
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Discussion 

Angiosperms have a broad range of reproduc-
tive strategies, and the morphology and phenology 
of the flower influence the behaviour of the polli-
nators. Because of the differences in reward pres-
entation, visitors may be differentially attached to 
flowers in a particular stage of development, and 
visitors may handle flowers differentially depend-
ing on the rewards that they are seeking. Pollina-
tion is accomplished during pollen and nectar for-
aging by visitors. 

The flowers of Z. mauritiana are simple, small, 
greenish-cream, in short axillary cymose clusters, 
and with exposed nectar on floral disc and aminoid 
smell. To ensure pollination, flowers possess adap-
tations to the sensory abilities, mobility, and mor-
phology of pollinators (Faegri & van der Pijl 1979). 
Flowers of different species often converge in the 
characteristics (syndrome) that they present to 
attract particular guild of pollinators. For in-
stance, flowers visited by insects are, in general, 
small, scented and contain small amount of nectar. 
“Ornithophilous” flowers are usually large, orange 
or yellow and contain large amount of dilute and 
unscented nectar (Faegri & van der Pijl 1979). 
Judging from this description, the flowers of Z. 
mauritiana are primarily adapted for insects for 
their pollination. The flower characteristics of this 
species are usually associated with entomophilous 
syndrome. 

Flower-visiting insect taxa of this plant species 
includes 32 species of wasps, 30 flies, 18 butterflies 
and 6 bees. Yadav (1990) has reported that flies 

and wasps are the chief pollinators of this species. 
The flies have also constituted the important polli-
nation group of some other entomophilous plants 
of the tropical forests (Bawa 1990; Forster 1992). 
Visit of wasps, bees and butterflies in combination 
with flies to the blossom of Z. mauritiana is in line 
with the findings of other studies. House (1989) 
and Jones & Crome (1990) are of the opinion that 
visitation and pollination by flies, often in combi-
nation with pollination by Hymenopteran insects, 
forms a dominating trait amongst entomophilous 
plants. 

Since the role played by each group of pollina-
tor in effective pollination (pollen transfer) was not 
a part of this study, it is very difficult to assign 
any group as an effective pollinator and also to 
draw an inference of effective pollination from flo-
ral traits. It is recognized that inferences of polli-
nation effectiveness base solely on floral traits can 
be suspect (Bawa 1994; Fishbein & Venable 1996; 
Waser et al. 1996). Herrera (1996) suggested that 
specialization for one particular pollinator for one 
syndrome may not occur if the most consistent pol-
lination results from visits from diverse pollina-
tors. However, the floral traits of Z. mauritiana 
partly implies the flies-pollination syndrome (Fae-
gri & van der Pijl 1979). Since flies with shorter 
tongue do not probe deep and feed on exposed nec-
tar, they usually prefer cymose umbelloid inflores-
cence. Further flies increase their number by ex-
ploiting decaying debris and animal litter, pollina-
tion of monsoon and post monsoon flowering plants 
by them is a natural coincidence (Bhatnagar 1989). 

Results reveal the abundance of wasps on the 
blossom of Z. mauritiana (Fig. 1). Some other eco-
logical studies also provide data on wasps as 
flower visitors of different plant communities 
(Heithaus 1979; Petanidou & Ellis 1993; William 
& Adam 1995). Wasps visited the flower for nectar, 
and the insect body does not have adaptations for 
the collection of pollen. In place of pollen, wasps 
collect larvae and adult insect as the source of pro-
tein. Since all wasps land on blossom surface as 
they visit flowers, the blossom must provide suffi-
cient horizontal landing surface. This is provided 
by umbelloid inflorescence of Z. mauritiana. Fur-
ther studies on wasps, as an effective pollinator of 
this plant species are needed. Z. mauritiana nei-
ther reveal syndrome for melittophily (pollination 
by bees) nor for psychophily (pollination by butter-
flies). The swollen floral disc which deceitfully cre-

 
Fig. 4. Pollinators species diversity in relation to time
and plant density of Z. mauritiana (M = Morning; N =
Noon; E = Early evening). 
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ated impression of nectar drop might have created 
sufficient stimulus to attract the wasps, bees, but-
terflies and flies. 

There is temporal variation in pollinator visits 
on the blossom. More number of insects visited the 
flower during late morning hours followed by a 
sharp decline afterwards the noon. The increased 
insect activities resumed again during early eve-
ning hours which tended to decline during subse-
quent hours (Fig. 2). The most favourable range of 
temperature has been 25ºC to 35ºC for the visits of 
pollinators on the blossom of Z. mauritiana (Table 
1). The establishment of precise activity thresholds 
is difficult because responses depend on a combi-
nation of factors that include not only weather 
variables, but also the physiological and behav-
ioral state of insects, as well as floral resource 
availability (Stone 1994). Temperature can have 
considerable influence on pollinator systems, both 
by affecting the activity of insects or by altering 
the volatilization of attractants and nectar flow 
(Williams & Williams 1983). This study implies 
that insect activity initiation is limited by tem-
perature, and activity termination is determined 
either by a decline in light intensity or possibly, by 
a decline in pollen-nectar availability (Abrol 1988; 
Vicens & Bosch 2000). Standing crops of pollen 
and nectar may condition daily activity rhythms, 
and mask the effect of weather factors, specially in 
endothermic species (Stone et al. 1998). 

This study clearly shows a significant effect of 
plant density on species composition of the visitor 
community. Maximum number of pollinator spe-
cies visited the dense plants, as compared to in-
termediate and isolated plant (Fig. 2). This result 
is in agreement with the findings of Bosch & Wa-
ser (1999), Feinsinger et al. (1991) and Kunin 
(1997). It is suggested that larger populations of 
plants are likely to be more attractive to pollina-
tors resulting in higher visitation rate and there-
fore pollination success (Agren 1996; Sih & Baltus 
1987), whereas small populations may suffer from 
insufficient pollen transfer and consequently lower 
seeds set (Fischer & Matthies 1998; Lamont et al. 
1993). Optimal foraging theory (Charnov 1976) 
predicts that in sparse populations, pollinators will 
switch between plants less often and visit more 
flowers on a plant when plant density is low 
(Cresswell 1997; Heinrich 1979; Klinkhamer & De 
Jong 1990; Zimmerman 1981). This is possibly the 
reason for increased number of pollinator species 

on blossoms of dense plants in Z. mauritiana. De 
Jong et al. (1993) have stated that plant density 
probably affects the behaviour of pollinators which 
are more likely to move between the individuals in 
dense population, where flight distances are 
shorter than in sparse population where increased 
visits within a plant may favor within-plant pollen 
transfer (geitonogamy). Dense populations might 
experience some benefits from the greater cross-
pollination rate (Mustajarvi et al. 2001). 

As in earlier studies (Aizen & Feinsinger 1994; 
Mustajarvi et al. 2001), pollinators diversity in-
creased with increasing plant density (Fig. 4). 
Since the blossom pollinators community is main-
tained against single resource, the diversity of 
blossom visiting fauna might have generated on 
account of nectar resource. Further, this diversity 
might be an outcome of a passive competition, 
which is described as scrambling (Nicholson 1957). 
The species in such a system exploit a resource 
according to their individual capacities, without 
any contest or interference. 
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