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Abstract: Erythina stricta is an ecologically important tree species in the rainforests of India and its nectar 
within the flowers contributes to birds’ diet and survival. Reports on the pollination of this species have 
not been published so far. We therefore explore the reproductive system of this tree species which has great 
significance to its ecosystem. Birds have an important role in the reproduction of trees through pollination 
particularly in tropical areas where reproductive success mostly depends on animal pollinator interactions. 
Study of visitation and nectar feeding behaviour of birds alongwith breeding system assessment of Erythina 
stricta. 
Birds visiting and foraging behaviour was observed during Erythrina stricta flowering season in an indian 
tropical rainforest. Reproductive system was assessed through controlled pollination experiments.
Thirteen bird species were recorded visiting and foraging nectar from the flowers of Erythrina stricta. The 
maximum numbers of visits recorded were from the Red-vented Bulbul (Pycnonotus cafer, Pycnonotidae). 
The nectar feeding birds were, either (i) potential pollinator with long bills (e.g. Pycnonotus spp., Chloropsis 
aurifrons, and Dicrurus spp.) or (ii) nectar robbers with comparatively shorter bills (e.g. Zosterops palpebrosa, 
Stachyris ruficeps, Macronous gularis, Heterophasia glaciris). Controlled pollination experiments revealed high 
degree of cross pollination (xenogamy) and self-incompatibility in E. stricta. 
Birds were more frequent in early mornings and their foraging activity was also observed during evening 
hours; the frequency however, declined with respect to nectar availability. Long corolla tubes of E. stricta 
could restrict access to nectar collecting bees. 
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Introduction
Plant-pollinator interactions have distinct evolu-

tionary history (Mitchell et al, 2009) in tropical for-
ests (Bawa, 1990; Feinsinger, 1978). Birds play a sig-
nificant role in tree reproduction through pollination 
success in tropical forests, however their role in pol-
lination is documented (Morton, 1979; Ragusa-Net-
to, 2002; Mendonca & Anjos, 2006; Rangaiah et al., 
2004; Raju & Rao, 2004; Silva et al., 2020). About 
98–99% of plant species are animal pollinated in 
tropical rain forests (Bawa, 1990; Fleming & Much-
hala, 2008; Prado et al., 2017). Specialized interac-
tions between flowers and bird pollinators ascertain 
pollen transfer among individuals in the population 
and gene flow among populations, promoting cross 
pollination and variability (Anderson et al., 2005; Liu 
et al., 2013). The avian community plays a vital role 
in biological conservation (Franklin, 1993; Kati & Se-
kercioğlu, 2006) and maintaining ecological balance 
through pollination and seed dispersal (Tews et al., 
2004; Scaccabarozzi et al., 2020).

Erythrina (Fabaceae) is a pantropical genus com-
prised of 112 species distributed across tropical re-
gions of the world (Krukoff & Barneby, 1974). Out 
of these, at least 42 old world species and 15 new 
world species could be visited and pollinated by 
perching birds of several families of the order Pas-
seriformes (Singh, 1929; Ali, 1932). In addition to 
passerines, more recent studies show Psittaciforms 
as important pollinators of Erythrina spp. (Cotton, 
2001; Ragusa-Netto, 2002; Blanco et al., 2015; Sil-
va et al., 2020). About 55 of the new world species 
could be pollinated by several hovering humming 
birds of the family Trochilidae (Toledo, 1974). The 
information on floral visitors of Erythrina stricta is 
not available so far. Therefore, this study aims to 
establish the: (i) Pattern of bird visits of Erythrina 
stricta (ii) Nectar feeding behavior of birds, (iii) How 
the morphological features of the flowers and behav-
ioural features of birds contributes to pollination? 
and (iv) Assessment of breeding system following 
controlled pollination. 

Materials and methods

The study was conducted in a tropical mixed semi 
deciduous natural forest of Bethlehem Vengthlang 
located in the district of district of Aizawl, Mizoram 
state in north-eastern hill region (NEH), India dur-
ing the flowering season of the years 2010 and 2011. 
The study site was located at 23°43'47.5"N latitude 
and 92°43'53.5"E longitude with an altitude of 900 m 
asl. Average annual rainfall in the study area over the 
last five years was 2100 mm. The forest was hetero-
geneous and dominated by the trees species such as 

Anthocephalus cadamba, Gmelina arborea, Schima wallichii, 
Calicarpa arborea, Erythrina stricta and Castenopsis spp.

Mizoram state has 90 % of its area under forest 
cover (SFR, 2013). Forest types are mainly tropical 
wet evergreen, tropical semi evergreen, montane 
sub tropical and bamboo. Mizoram is a part of the 
Indo-Burma hot-spot, the zone is known for its 
unique, endemic and highly rich biological diver-
sity. Over 70 species of passerine birds recognized 
as potential pollinators are also listed by IUCN as 
threatened, endangered or probably extinct (Nabhan, 
1996). Mizoram is also part of the Endemic Bird Rich 
Area (EBRA) in eastern Himalaya, which is specified 
by BirdLife International (BLI). The region is highly 
significant for bird conservation priority because it 
contains habitats of restricted endemic bird species.

 Twenty trees of Erythrina stricta were selected 
randomly over the whole population having profuse 
flowering and ample visibility and accessibility to de-
termine the bird pollinators and their visitation rates. 
The selected trees were at least 50 m apart from one 
to another. Counting of visiting bird species and their 
frequencies were observed on these selected trees of 
Erythrina stricta over the entire flowering period. Ob-
servations of different birds visiting to the selected 
trees was done during two flowering seasons (Febru-
ary–March 2010 and 2011) which encompasses ap-
proximately 40 field days with 6–8 hours/day record-
ing. Observations were made in 2 observation blocks 
(i) 0600 to 1100 hrs and (ii) 1500 to 1700 hrs. The 
selected observation blocks were worked out as per 
highest foraging activity of the birds. The frequency 
of the bird pollinators was assessed in terms of visits/
branch/day. Only bird floral visitors were included, 
which were observed with binocular, camera and also 
directly when they were specially found foraging on 
the flower. The mode of approach, landing, probing 
behaviour with bill while perching, contact with re-
productive organs to facilitate pollination, climbing 
on flowers and inflorescences, damage to flowers (if 
any) of visiting bird species on each selected tree were 
meticulously observed and recorded. Flower handling 
time was recorded using digital stopwatch. Birds 
were classified in to two flowering categories as per 
their foraging activity and behaviour as; (a) Potential 
pollinators, when the bird touched the reproductive 
parts of flowers while foraging, and (b) Nectar rob-
bers, when the birds probed the nectar by holes bitten 
in the corollas. The relative frequency of visits of each 
bird species was determined as the number of vis-
its performed by that species in relation to the total 
number of visits recorded and represented in percent-
age. Photographs of birds, while foraging the inflores-
cences were used for analysis and evaluation of bird 
visiting behaviour. Flower corolla morphometrics of 
Erythrina stricta were measured by choosing randomly 
fifty flowers from five different trees.
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The volume of nectar available to pollinators in 
the replenishment phase was estimated as per meth-
od of Castellanos (2002). The flowers (n = 10) were 
randomly bagged in polyethene bags before anthe-
sis. After removing the first crop of nectar, one set 
of these flowers was subjected to hourly extraction 
of nectar (0800 h to 1400 h) with calibrated micro-
pipette. For a total of 6 h duration the flowers were 
bagged after each extraction. However, for control, 
all the available nectar was collected after 6 h from 
other sets of flowers (n = 10). The cumulative quan-
tity of nectar replenished was finally noted.

Ten trees in the population were selected ran-
domly to evaluate the mating system of the E. stricta. 
After analyzing the peak receptivity of stigma with 
hydrogen peroxide for peroxidase test (Dafni et al., 
2005), the following pollination treatments were 
applied randomly; (1) Apomixis (n  =  20 flowers), 
for which flowers were emasculated and bagged with 
polyethene bags; (2) Autogamous self pollination 
(n  =  20 flowers), for which flowers were bagged 
one day before anthesis without emasculation; (3) 
Hand self pollination (n = 20 flowers), for which the 
self-stigma was dusted with pollen from same flow-
er and bagged with polythene bags; (4) Geitonoga-
my (by hand) (n  =  20 flowers), for which flowers 
were pollinated with pollen from anthers of different 
flowers from same trees and bagged with polythene 
bags; and (5) Hand cross-pollination i.e., xenogamy 
(n  =  20 flowers), for which flowers were emascu-
lated, bagged and pollinated with pollen grains from 
different trees and re-bagged. Non bagged and open 
pollinated (n = 20) flowers, were also analyzed and 

considered as control. Fruit set among (i) hand-
selfed and hand cross-treatments and (ii) open polli-
nated and hand-cross-treatments were compared. To 
know the pattern of variability between these treat-
ments, a Chi-square analysis was performed (Zar, 
1999). An indirect measure of self-incompatibility 
was estimated by dividing the average fruit set af-
ter hand self-pollination by the average fruit set af-
ter hand cross pollination (Zapata & Arroyo, 1978; 
Lloyd & Schoen, 1992). The resultant values of in-
dex reflected the possibilities as (i) >1 = self-com-
patible; (ii) >0.2 and <1 = partially self-incompat-
ible; (iii) <0.2 = mostly self-incompatible; and (iv) 
0.0  =  completely self-incompatible (Zapata & Ar-
royo, 1978). The effects of time of the day on the 
foraging frequency of the birds were examined us-
ing ANOVA with time as a fixed effect (independent 
variables). Counts were log-transformed in order to 
improve normality of residuals and to reduce het-
eroscedasticity (Sokal & Rohlf, 1995). ANOVA was 
performed using the super ANOVA statistical pack-
age (Abacus Concepts, 1998). A Pearson correlation 
was also analysed between time of the day and nectar 
production.

Results 

The Erythrina stricta remains leafless during flow-
ering period, which occurs during second week of 
February to the third week of March. Synchronous 
flowering within and among the individuals in a 
population was observed with the simultaneous 

Fig. 1. Flower parts of Erythrina stricta
A – whole flower, B – standard petal, C – keel petals, D – wing petals, E – stamens and pistil.
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blooming of flowers from basal to the apical tip por-
tion within an inflorescence. The flowers are arranged 
in terminal racemes, 15–18 cm long and crowded at 
the distal end of branchlets. Flowers are bisexual, Pa-
pilionaceous corolla with one well-developed bright 
red standard petal of 5.2 × 2.2 cm, two greenish-red 
keel petals of 2.3 × 1.4 cm; two poorly developed 
very light-red wing petals of 0.8 × 0.4 cm. The keel 
petals form a carinal-like structure and hold nectar 
inside. Stamens 10, monadelphous, usually bend up-
wards facing the standard petal. Ovary inferior and 
was enclosed by the staminal sheath, the style comes 
out through the sheath and ends with a minute stig-
ma (Fig. 1). 

During the daytime, from 0600 to 1100 and 1500–
1700 hrs, a wide range of birds visited the flowers of 
E. stricta to collect nectar (Table 1). In total thirteen 
bird species were recorded visiting and foraging nec-
tar in this species. The maximum number of visits 
of E. stricta flowers were recorded for the red-vent-
ed Bulbul Pycnonotus cafer (Pycnonotidae) (Fig. 2I, 
J), followed by the red whiskered Bulbul Pycnonotus 
jocosus, the indian white eye Zosterops palpebrosa (Fig. 
2G), and Goldenfronted chloropsis Chloropsis auri-
frons (Fig. 2C, D). 

All the members of family Pycnonotidae (Pycnono-
tus cafer, Pycnonotus jocosus, Pycnonotus melanicterus fla-
viventris), and Chloropsis aurifrons foraged legitimately 
the flowers for deep seated nectar and were able to 
bring about pollen dispersal and transfer in E stricta 
are categorized as potential pollinators (PP) (Table 
1). On the other hand Zosterops palpebrosa, Stachyris 
ruficeps, Macronous gularis and Heterophasia gracilis pre-
cluding access to nectar tend to rob the nectar in E. 
stricta. They generally pierce with beak the sides of 
the corolla tube to steal nectar and are considered 
as nectar robbers (NR). Chloropsis aurifrons also steal 
some nectar by piercing floral tube. 

Members of family Dicruridae (Dicrurus leuco-
phaeus, and Dicrurus paradiseus) were robust forager 
of flowers for nectar and acted as potential pollina-
tor because they legitimately contacted stamens and 
stigmas with their beaks, heads and body, therefore 
affecting pollination in E. stricta. Nevertheless, they 

collected nectar very aggressively, which also lead to 
damage and removal of flowers. 

The foraging pattern of foragers was twice in a day 
with forenoon and evening hours with more foraging 
activity during forenoon hours (0600 to 1100 hrs). 
Pycnonotus spp. and Dicrurus spp. made more visits 
to the flowers than any other bird species. Different 
bird species were found foraging simultaneously on 
the flowers of same tree. The photographs of the 
important visiting birds have been presented in Fig. 
2A–J, which clearly shows the interaction of bird’s 
beak and body parts with the reproductive parts of 
the flowers.

Nectar secretion was recorded from anthesis on-
wards. Nectar production in the flowers of E. stricta 
begins at 0500 h and at the time of anthesis around 
0545 h the flowers were full with their first crop of 
nectar. The average amount of nectar available to flo-
ral visitors was 225±22 µL (means ± standard error) 
and after first round of nectar harvesting, it declined 
to 51±7 µL (Table 2). Thus, an average amount of 
nectar consumed by floral visitors from flowers 
(n = 10) in first round is approximately 174 µL. The 
cumulative quantity of nectar produced after 6 h in 
a single harvest is 265±28 µL, which is far below 
than the cumulative quantity of replenished nectar 
from multiple harvests (425 µL). This indicates that 
if the nectar is not removed from the flower, it does 
not produce significant amount of additional nectar 
in the remaining period. The production of nectar 
volume in E stricta was recorded to be maximum in 
the morning up to 0900 h, which was significant-
ly correlated (p < 0.0001) with timing of different 
birds visit in a day. The nectar production decreased 
sharply from 0900 h onwards and the difference be-
tween two visits (0800 and 1000 h) was 78.7%. The 
lowest nectar volume recorded was 5±0.66 µL/flow-
er at 1400 h (Table 2). There was significant effect 
of time (F = 1.54, df = 6, p = 0.003) on foraging 
frequency of birds in Erythrina stricta. Strong signif-
icant (p<0.001) relationship was also apparent be-
tween timing of bird visits and nectar production, 
indicating that nectar production and time of the day 
plays a vital role for visiting different bird species in 
E. stricta.

The controlled pollination revealed that there was 
no fruit and seed set in autogamous self pollinated 

Table 3. Mating system studies in Erythrina stricta

Treatments % fruit set
( X±S.E, n = 20)

% seed set
( X±S.E, n = 20)

Apomixis 0.0 0.0
Autogamous self-pollination 0.0 0.0
Hand self-pollination 13.6±0.5 18.4±2.3
Geitonogamy (by hand) 16.6±1.3 50.4±2.2
Hand cross-pollination 52.4±4.2 84.4±3.3
Open pollination (control) 39.1±3.6 70.4±6.3

Table 2. Resumption of nectar secretion following nectar 
removal in Erythrina stricta

Time (h) Nectar volume(µL)/flower
( X±S.E, n=10)

0800 211±22
0900 122±15
1000 45±6
1100 23±3
1200 12±2
1300 17±1
1400 15±1

Control (single extraction after 06 h) 265±28
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flowers, however, meager fruit set (3.6±0.56) was 
recorded after hand self pollination. Flowers bagged 
to ascertain apomixes in E. stricta failed to set fruits. 
Geitonogamy (by hand) also revealed low fruit set 
(6.6±1.26). Hand cross-pollinated flowers (xen-
ogamy) produced high fruit (52.4±4.24) and seed 
(84.4±3.28) sets. There were significant differenc-
es between hand self and hand cross treatments 
(X2 = 45.6, P < 0.0001) and between open pollinat-
ed and hand cross treatments (X2 = 9.8, P < 0.041). 
Manual cross pollination treatment was more suc-
cessful than manual self-pollination and open pol-
lination (Table 3). The index of self-incompatibility 
(ISI) value was estimated to be 0.068. Thus, E. stricta 
is mostly self-incompatible with a high level of out 
crossing (xenogamy). 

Discussion 

Erythrina stricta is an ecologically specialized spe-
cies that shows floral orientation in such a manner 
that it is very helpful for perching birds to feed on 
the nectar of flowers, which leads to deposition of 

pollens on beak and body parts of birds and pollen 
transfer takes place. Birds made frequent visits be-
tween trees in search of nectar and such foraging 
behaviour supports cross-pollination. Nevertheless, 
about 7% pod set was observed in geitonogamy (in-
ter flower selfing) experiment and the birds may also 
be responsible for geitonogamy by foraging nectar 
from flowers of different inflorescences on same 
branch. This was observed in the case of Red-vented 
Bulbul (Pycnonotus cafer) which foraged nectar in the 
first attempt from flowers of right inflorescence (Fig 
2I) and thereafter from left inflorescence (Fig 2J).

Inflorescences axis of E. stricta provides excellent 
primary and secondary perches for birds visiting the 
flowers. The main features present in E. stricta asso-
ciated with ornithophily are: (1) flowers are general-
ly upwardly oriented and have exposed stamens and 
stigma covered by broad keel, and (2) dense floral 
clustering in inflorescences is commonly linked to 
pollination by perching birds (Liu et al., 2013). When 
nectarivorous birds feed on nectar, pollen grains get 
deposited on the head or breast, helping pollen disper-
sal between flowers (Cruden & Toledo, 1977; Mitch-
ell et al., 2009). Portions of head, bills and breast of 

Fig. 2. Different pollinators of Erythrina stricta
A, B – Black-crested Bulbul (Pycnonotus melanicterus flaviventris) foraging nectar; C, D – Golden-fronted Leafbird (Chloropsis aurifrons) 

foraging nectar; E, F – Ashy Drongo (Dicrurus leucophaeus); G – Indian white-eye (Zosterops palpebrosa); H – Yellowbreasted Babbler 
(Macronous gularis); I, J – Red-vented Bulbul (Pycnonotus cafer).

G

I

H

J
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passerine birds make a precise, regular and repeated 
contact with the floral parts (particularly stamens and 
stigma of the flowers). The long tube of 1.7 cm co-
rollas of E. stricta seem to be adapted to pollination 
by long billed passerine birds and hummingbirds, as 
found for other Erythrina species with similar floral 
traits (Neill, 1987). Flowers visited by these birds are 
overwhelmingly tubular in shape (Fleming & Much-
hala, 2008). Pollen grains were dusted reasonably on 
the crowns and heads of bird species, when they con-
tacted with dehisced anthers and receptive stigmas. 

Passerines nectarivorous birds in the present 
study were sometimes observed to forage in groups 
for which the birds require sufficient floral resources 
to meet their energy requirements. Nectar produc-
tion in one or few trees of E. stricta shall deplete fast 
and flock of passerine birds could quickly exhaust the 
nectar which compelled the birds to make frequent 
visits to different trees, thus facilitated cross-pollina-
tion that was verified by the pollination experiments 
(a self-incompatible species). In cross pollinated trees 
species, natural fruit set and plant fitness depends on 
the frequency, availability and efficacy of pollinators 
to transfer compatible pollens. A variety of bird’s 
species visited E. stricta on different conspecific trees 
during flowering phase for floral nectar and complet-
ed the pollination process through pollen dispersal. 
The way bird probed nectars of E. stricta is a function 
of morphological features particularly the bill lengths 
and approaching behaviours of birds (Almeida & 
Aves, 2003). The behavioural attributes of the birds 
and characteristics of flowers have determined the 
role of floral visitors as potential pollinator (Kevan, 
1999). The birds tend to visit twice in the day, i.e. 
morning and evening hours of the day (birds deplete 
the nectar first in the morning hours then come back 
when nectar is replenished). This pattern of bird vis-
itation was the special features of E. stricta, which is 
not reported in other Erythrina species so far. This 
pattern of visit would be due to continuous produc-
tion of nectar during different hour of the day, though 
the amount was decreasing with that of morning se-
cretion, which would be accumulated enough for the 
needs of birds during night time. Therefore, the de-
gree of feeding decreases from morning to evening 
hours. It is also important to point out that E. stricta 
bears flowers in the dry season and contribute to a 
valuable nectar source for the birds. Nectar thiev-
ing normally seems due to mismatch between floral 
visitors and floral architecture (Inouye, 1983). The 
distinction between nectar thieves and robbers is im-
portant because the latter may have a greater effect 
in reducing the reproductive potential of the plant 
by damaging the sexual tissues and often destroying 
or removing the entire flower. Relatively few studies 
have addressed the importance of short-billed oppor-
tunistic birds as pollinators (Gill et al., 1998; Raju 

& Rao, 2004; Rangaiah et al., 2004) although they 
have often been recorded worldwide as nectar rob-
bers (Franklin, 1999; Franklin & Noske, 1999).

Amount of nectar per flower remained fairly con-
stant throughout the day in the bagged flowers, indi-
cating that the nectar secretion ceases after maximum 
volume has been reached (Neil, 1987). Removal of 
nectars by bird species might cause the replenish-
ment of secretion in E. stricta, as was observed dur-
ing repeated sampling of same flowers along the day. 
Similar trends were also observed in Erythrina specio-
sa (Mendonca & Anjos, 2006) and Erythrina variegata 
(Rangaiah et al., 2004). Quantity of nectar secretion 
in flower along with time was ecologically significant 
because pollinators were likely to make foraging de-
cision based on encountered reward from standing 
crop (Mc dade & Weers 2004; Pyke, 1991).

Conclusions

E. stricta is a mostly self-incompatible outcrossed 
species which requires pollinator services for repro-
ductive success. Moreover, the morning and evening 
hrs pattern of bird visitation in E. stricta is of great 
interest which would augment the reproductive suc-
cess in E. stricta, i.e. 39% as most of the Erythrina 
species are reported to have low fruit set (<  5%, 
Etcheverry & Alemán, 2005) following natural pol-
lination. The present study appears to be the first to 
document the breeding systems and identify the pri-
mary pollinators of E. stricta. 
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