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Abstract
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The foraging strategies of animals is often shaped by the distribution and availability of resources. Ornithophilous plants greatly 
rely on avian foraging preference which is measured based on the frequency of avian visit and duration of foraging. To this end, the 
study on species composition and abundance of sunbirds foraging on Tapinanthus globiferus parasitizing Citrus sinensis in Permanent 
Site of Federal University of Lafia, Nasarawa State, Nigeria was carried out from January to July 2017. Focal observation with the aid 
of a pair of binoculars on visiting sunbirds was carried out thrice weekly in the morning and evening sessions on twelve randomly 
selected C. sinensis trees parasitized by T. globiferus. A total of 376 sunbirds were sighted which spread across Chalcomitra senegalensis 
(scarlet–chested sunbird) 181 (48.13%), Cinnyris venustus (variable sunbird) 134 (35.63%), Cinnyris pulchellus (beautiful sunbird) 
43 (11.17%) and Cyanomitra verticalis (green-headed sunbird) 19 (5.05%). Thus, there was a very high significant difference (F180 
= 8.129, Adjusted R2 = 0.1046, P < 0.001) in relation to the abundance of sunbird species foraging on T. globiferus. The abundance 
of sunbirds foraging on T. globiferus between months and as well as in relation to seasons showed a very high significant difference 
(months: F655 = 9.216, Adjusted R2 = 0.0586, P < 0.001; seasons: t = -5.8684, df = 589.02, P < 0.001). Also, abundance of sunbirds 
foraging on mistletoe showed a very high significant difference (t = 8.5947, df = 472.33, P < 0.001) in relation to time of day. On the 
average, Cinnyris pulchellus (beautiful sunbird) spent the highest foraging time (20.0 ± 2.0 seconds) on T. globiferus. However, there 
was no significant difference (F180 = 0.3172, Adjusted R2 = -0.01132, P = 0.8129) in foraging duration between sunbird species. This 
is the first study on sunbirds in the University Permanent Site which clearly shows that the Citrus orchard is a potential conservation 
site that will be of great benefit to sunbirds and other organisms, hence, it should not be cleared for building construction in the near 
future but allocated as a part of the Institution’s zoological garden. Trees parasitized by mistletoe in the area should be protected.
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Introduction

The distribution and availability of resources often shape the 
foraging strategies of animals [1,2]. The behaviour of animals may 
influence the ecology and evolution of their resources at the same 
time [3]. Inter-specific interactions such as between plants and an-
imals are the central point of many population interactions in the 
ecosystem [4]. About 90% of plants in the tropics rely on animal 
mutualists for a range of services including pollination [5,6]. The 
ability to fly and the need to obtain energy has resulted in birds 
accessing different habitat types and a variety of plants, thereby, 
becoming good pollination agents [7,8]. Consequently, about 50 
bird families are reported as flower visitors [8]. 

Among several plant flowers visited and pollinated by birds is 
Tapinanthus globiferus which belongs to the xylem-parasitic mis-
tletoe family, Loranthaceae [9,10]. Tapinanthus globiferus was first 
described by Rich, A. in 1895 [11]. Like other Loranthaceae, mis-
tletoe is a stem hemiparasite and grows on the branches of several 
host trees and shrubs absorbing water, water-conducted nutrients 
and organic solutes from the host’s xylem. However, it produces 
its own sugar using its leaves [12,13]. Birds chiefly regulate the 
reproductive success of the plant [11]. T. globiferus is endemic to 
Africa, with a geographic spread ranging from the dry country of 
Mauritania to Ethiopia, extending south in West Africa which in-
cludes Nigeria to the Gulf of Guinea. The plant is found on plateaux, 
lowland forests, mangroves and extending into forested areas of 
Southern Ethiopia. Mistletoe with the common names - bird lime, 
all heal, devil’s fuge, Iscador, etc. is a general term for woody shoot 
parasites in several plant families especially Loranthaceae and Vis-
caceae [14-16] and most genera of African mistletoes belong to the 
family Loranthaceae [16]. Seven genera of the Loranthaceae - He-
lixanthera, Berhautia, Englerina, Globimetula, Agelanthus, Tapinan-
thus and Phragmanthera - with about five dozens or more species 
are recognized in West Africa [14] and the group term mistletoe is 
used for all these species. 

In West Africa, mistletoes are found on many tree crops of 
economic importance including the Vitellaria paradoxa Gaertn. 
f. (shear butter tree), Azadirachta indica L. (neem tree), Citrus si-
nensis L. (orange tree) and Citrus paradisi L. (grape), Theobroma 
cacao L. (cocoa) [17,18]. Economically-valuable fruit trees in wild 
forests, gardens or orchards are lost due to the impact of parasitic 
mistletoes [17,19-21]. These hemi-parasitic plants have caused 
the host plants many biological effects, chief among which is salt 
imbalance. A formulated hypothesis is that these hemi-parasites 
(Loranthaceae) would contribute to decrease the salt content in 
parasitized host boughs particularly those bearing fruits [22].

Birds association with mistletoe plant have been found to be 
very strong. Watson [23] reported that birds show preference 
for living where mistletoe is common. The study pointed out that 

woodlands where mistletoes have been left intact, had 17% more 
total birds than woodlands where mistletoe have been removed 
and of all 44 bird species recorded during the study, 70% were seen 
regularly within areas with mistletoes. Other ecological benefits of 
the plant have been reviewed by Watson [23] and Grund [24] some 
of which include: serving as a food resource to about 66 families of 
birds and 30 families of mammals through its flowers, fruits and 
leaves; a suitable nesting and roosting site to about 43 families of 
birds and 7 families of mammals; and it controls the success of in-
troduced plant species. 

Krebs and Davies [25] stated that the importance of feeding is to 
provide the raw material for growth, self-maintenance, and repro-
duction. Birds, like any other foraging animal, are faced with two 
kinds of currencies: rate of food intake and efficiency. Therefore, 
choosing a variable foraging option may minimize the risk of star-
vation. This is especially likely to be important when the animal 
lives in an environment that is unpredictable and the exact amount 
of food the animal will obtain is uncertain [4]. Sunbirds have high 
energetic lifestyle and high metabolic rates [26] and they are wide 
in distribution on the African continent in almost all habitat types 
[27]. They patronize nectar of most flowering plants and several of 
them are insectivores thereby aiding in checking insects’ popula-
tion explosion that could assume pest status [28]. 

The abundance of sunbirds decrease with increasing tempera-
ture but increases with vegetation diversity and monthly rainfall 
[29]. In sunbirds, territoriality occurs mainly when food resources 
are scarce and the size of the territory decreases as the density 
of resources increases [30-32]. When resources are abundant, no 
benefit accrues from aggressiveness and the sunbirds relax their 
territoriality [30,33]. Carpenter and Hixon [34] found that when 
feeding by nectarivorous birds is interrupted by harsh weather 
conditions such as rain, they are bound to respond. In the Rufous 
Hummingbirds (Selasphorus rufus) for example, days of rain results 
in drastic weight loss which is reversed when they recommence 
feeding upon the return of good weather. 

Pollination is achieved when sunbirds probe and/or open up 
ripe flowers for nectar [16] during which their fore-head (crown) 
picks up pollen grains and comes in contact with the stigma of 
another flower of the same plant species when it is visited by the 
sunbird thereby effecting pollination and increasing the chances of 
cross pollination which in turn increases the plant’s fitness, repro-
ductive success and vigor [35].

Close observation may reveal circadian fluctuations in feeding 
rate of sunbirds on T. globiferus, however, even under constant 
conditions, particularly in the early morning and evening. Studies 
found that nectar volume was highest at the beginning of the day 
and decreased as the day progressed [36] which accounts for more 
sunbirds visitors in the morning hours than any other time of day.
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Seasonality plays a major role in determining the abundance 
and distribution of birds. Seasonality affects food and cover avail-
ability of bird population, which in turn affects breeding success 
and ultimately survival of the bird species [37]. The seasonal varia-
tion in the amount of rainfall and temperature and spatial and tem-
poral microhabitat conditions are known to affect the availability 
of various food items for birds [38]. Based on species sensitivity to 
the type of habitat, these could alter the diversity, abundance, and 
distribution of birds in an area [39].

There is no baseline information on foraging activities of sun-
bird species on Tapinanthus globiferus parasitizing Citrus sinensis 
in the Permanent Site of Federal University of Lafia (FULafia), Na-
sarawa State, Nigeria in relation to months, seasons, time of day 
(constant weather conditions: the early morning and evening 
hours), and foraging duration (time spent in feeding). Against this 
backdrop, the study on species composition and abundance of for-
aging sunbirds on Tapinanthus globiferus parasitizing Citrus sinen-
sis was investigated at the University Permanent Site. 

Materials and Methods
Study site

The study was carried out in the Permanent Site of Federal Uni-
versity of Lafia, Nasarawa State, Central Nigeria located on latitude 
8° 28´N and longitude 8°32´E (Figure 1). Lafia have an elevation of 
179 meters above sea level with average temperature of 27.5℃ 
and an annual rainfall of 1316 mm or 51.8 inch [40]. The Univer-
sity Permanent Site is characterized by grassland savannah, scrub 
woodland and interspersed by gallery forest. Also, there is a Citrus 
orchard in the site whose trees are parasitized by mistletoe plant.

Sampling

Twelve trees of Citrus sinensis that were parasitized by flower-
ing Tapinanthus globiferus were randomly selected for focal obser-
vation using a pair of binoculars between January and July 2017. 
The selected Citrus trees were marked using a Geographical Po-
sitioning Satellite System (GPS) Machine (Garmin etrex 10 model 
16Q823121) and a ribbon was tied around the selected trees for 
easy identification during repeat visits.

A well designed data sheet was used to record focal observation 
variables. Focal observation on the twelve selected trees was car-
ried out with the aid of a pair of binoculars between 07:00 to 10:00 
hours for morning session and 15:00 to 18:00 hours for evening 
session for a period of three days in each week of the survey for a 
ten minutes duration on each tree stand. Within the 10 minutes of 
focal observation, sunbirds sighted on the mistletoe were identi-
fied using bird field guide by Burrow and Demey [41] and a stop 
watch was used to take note of the time spent foraging. Mistletoe 
that eventually phased out flowers were replaced with those flow-
ering.

Figure 1: Map of Lafia LGA of Nasarawa State, Nigeria showing 
Permanent Site of Federal University of Lafia, and map of the Per-
manent Site of the University showing the Citrus orchard denoted 

by ZF above the green colour patch.

Statistical analysis

Data obtained was analyzed using R Console software version 
3.2.2. One way analysis of variance (ANOVA) was used to compare 
the mean abundance of sunbirds in relation to species, months and 
as well as time spent foraging across sunbird species. Welch two 
sample t-test was used to compare the abundance of sunbirds in 
relation to seasons and as well as time of day. The P-values < 0.05 
were considered statistically significant.

Results
Composition of sunbirds foraging on Tapinanthus globiferus

A total of 376 sunbirds were sighted which spread across 4 sun-
bird species in which scarlet-chested sunbird was the most abun-
dant 181 (48.13%) forager on T. globiferus followed by variable 
sunbirds 134 (35.63%) then beautiful sunbird 43 (11.17%) and 
green-headed sunbird was the least 19 (5.05%) (Table 1). There-
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fore, there was a very high significant difference (F180 = 8.129, Ad-
justed R2 = 0.1046, P < 0.001, Figure 2) in the mean abundance 
between sunbird species foraging on T. globiferus.

Species Seasons/Months
Dry season (%) Wet season (%)

January February March May June July Total (%)
Beautiful sunbird 2 (4.76) 0 (0.00) 2 (4.76) 4 (9.52) 28 (66.67) 6 (14.28) 42 (11.17)
Scarlet-chested sunbird 28 (15.46) 23 (12.70) 12 (6.62) 59 (32.60) 56 (30.93) 3 (1.65) 181 (48.13)
Variable sunbird 3 (2.23) 10 (7.46) 12 (8.95) 57 (42.53) 47 (35.07) 5 (3.73) 134 (35.63)
Green-headed sunbird 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.26) 11 (57.89) 7 (36.84) 19 (5.05)
Total (%) 33 (8.77) 33 (8.77) 26 (6.91) 121 (32.18) 142 (37.76) 21 (5.58) 376

Abundance of sunbirds foraging on Tapinanthus globiferus in 
relation to months

The abundance of sunbirds foraging on T. globiferus in relation 
to months was highest in June 142 (37.76%) followed by May 121 

Figure 2: The mean number of sunbird species foraging on 
Tapinanthus globiferus parasitizing Citrus sinensis in the Perma-
nent Site of Federal University of Lafia, Nasarawa State, Nigeria 

between January and July 2017.

(32.18%) and was least in July 21 (5.58%). Therefore, there was a 
very high significant difference (F655 = 9.216, Adjusted R2 = 0.0586, 
P < 0.001, Figure 3) in the mean abundance of sunbirds foraging on 
T. globiferus in relation to months.

Abundance of sunbirds foraging on Tapinanthus globiferus in 
relation to seasons

The abundance of sunbirds foraging on T. globiferus in wet sea-
son was high with a population of 284 (75.5%) than the dry season 
92 (24.5%). Therefore, the mean abundance of sunbirds foraging 
on mistletoe showed a very high significant difference (t = -5.8684, 
df = 589.02, P < 0.001, Figure 4) in relation to seasons.

Figure 3: The mean number of sunbirds foraging on Tapinan-
thus globiferus parasitizing Citrus sinensis in relation to months.

Figure 4: The mean number of sunbirds foraging on Tapinan-
thus globiferus parasitizing Citrus sinensis in relation to seasons.

Table 1: Checklist of sunbird species foraging on Tapinanthus globiferus parasitizing Citrus sinensis in the permanent site of Federal 
University of Lafia, Nasarawa State, Nigeria between January and July 2017.
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Abundance of sunbirds foraging on Tapinanthus globiferus in 
relation to time of day

The abundance of sunbirds foraging on T. globiferus was high-
er in the morning session 336 (89.40%) than evening session 40 
(10.60%). Therefore, the mean abundance of sunbirds foraging on 
mistletoe showed a very high significant difference (t = 8.5947, df 
= 472.33, P < 0.001, Figure 5) in relation to time of day.

Figure 5: The mean number of sunbirds foraging on Tapinan-
thus globiferus parasitizing Citrus sinensis in relation to sessions.

Time spent in foraging on Tapinanthus globiferus in relation 
to sunbird species

On the average, beautiful sunbird spent the highest mean time 
(20.0 ± 2.0 seconds) foraging on mistletoe followed by scarlet-
chested sunbird (18.7 ± 1.2 seconds) then green-headed sunbird 
(18.5 ± 2.5 seconds) and the least foraging time was observed 
in variable sunbird (17.8 ± 1.2 seconds). However, there was no 
significant difference (F180 = 0.3172, Adjusted R2 = -0.01132, P = 
0.8129, Figure 6) in the mean time spent foraging on T. globiferus 
across sunbird species.

Discussion
Composition of sunbirds foraging on Tapinanthus globiferus 
parasitizing Citrus sinensis

The four sunbird species foraging on the flowers of Tapinan-
thus globiferus parasitizing Citrus sinensis in FULafia Permanent 
Site possibly suggests that T. globiferus flower obviously has rich 
nectar content that provides the raw material needed for sunbirds 
growth, self-maintenance, and reproduction. This stands in line 
with Watson [23] who reported that birds show preference for liv-
ing where mistletoe is common. Also, Klinkhamer and de Jong [42] 
showed that highly dense flowering plant could be an area of food 
abundance providing more reward for foraging efforts by birds.

Figure 6: The mean time spent foraging on Tapinanthus glo-
biferus parasitizing Citrus sinensis in relation to sunbird species.

The high number of sunbirds recorded in this study suggests 
their preference to forage in a homogenous patch such as the Citrus 
orchard. This agrees with optimization of foraging in a single site 
in which birds stay longer with more food with less predation risk 
and energy expenditure [43].

Variability in the abundance of sunbird species on Tapinanthus 

globiferus

The variation in abundance of sunbirds on Tapinanthus glo-
biferus between species may be due to high survival strategy exhib-
ited by beautiful sunbird who are the species to first open up ripe 
mistletoe. However, Anthony [44] in a study on seasonal changes 
in nectar-feeding by birds at Zaria, Nigeria reported that scarlet-
chested sunbird was the predominant visitor on ornithophilous 
plants whereas others were very rare resident birds.

Sunbirds foraging on Tapinanthus globiferus in relation to 

months

The observed difference in the abundance of sunbirds across 
the months possibly suggests the month of June as the most favour-
able period due to the very high number of ripe T. globiferus flow-
ers observed which translates into a more readily available nectar 
content that will attract very high number of sunbirds visitors. This 
agrees with the study in Central Namibia on White-bellied sunbirds 
which were highest in the month of June but sparsely recorded dur-
ing July of 2002 [45]. Also, sunbirds abundance have been shown to 
increase with vegetation diversity and monthly rainfall [29].

Sunbirds visiting Tapinanthus globiferus in relation to seasons

The higher number of sunbird visitors on Tapinanthus globifer-
us in wet season over the dry season period possibly implies that 
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the wet season accelerates flowering rate and quick ripening of 
the flowers thereby providing sufficient nectar for the sunbirds in 
very high concentration. This is in agreement with the findings of 
Mengesha and Bekele [37] who found that seasonality affects food 
availability of bird population, which in turn affects breeding suc-
cess and ultimately survival of the bird species. Also, Rebelo [29] 
and Mengesha et al. [38] recorded that rainfall influence the avail-
ability of food items which thereby increases sunbirds abundance. 
On the contrary, Carpenter and Hixon [34] asserted that rainfall 
interrupted foraging activity of nectarivorous birds in which the 
number of individuals sighted was low.

Association between sunbirds visits on flowers and time of 

the day 

The variance in the abundance of sunbirds on Tapinanthus 
globiferus across time of day possibly suggests that the morning 
session yields higher nectar content. This agrees with Adhola and 
Permain [36] and Quintana-Rodríguez [46] who reported that nec-
tar volume correlate with time of day. Nectar concentration and 
nectar volume are inversely related where an increase in one leads 
to a decrease in the other. Plant species build up nectar over night 
when the activity of nectar feeders is expected to be low [46]. This 
activity could possibly result in a high nectar volume in the early 
morning [47] before sunbird activity starts hence the low nectar 
concentration. Furthermore, physical environmental factors such 
as humidity, wind, temperature could cause changes in sunbirds 
abundance and foraging behaviour [48]. On the contrary, the num-
ber of visit over time periods during the day by sunbirds in Kibale 
National park, in Western Uganda showed no variation [49].

Time spent foraging by sunbirds

The evenness in the time spent foraging by sunbird species on 
Tapinanthus globiferus suggests that they have same adaptive be-
haviour in sourcing for energy and are predispose to similar bird 
of prey. Similarly, Wolf et al. [32] found that the actual foraging ef-
ficiency of these nectar-feeding birds is an increasing function of 
energy available per flower. Sunbirds foraging efficiency or profit-
ability is directly related to foraging time which is linked to preda-
tion risk [32].

Conclusion

The abundant and diverse sunbirds recorded on T. globiferus 
parasitizing Citrus sinensis signifies that the hemiparasite is highly 
beneficial and complements food resource required for sunbirds 
survival and breeding success since it grows all year round. The 
abundance obtained between sunbird species in the area was the 
same. Also, sunbirds were more abundant in wet season and most 
especially in the month of June. The higher abundance of sunbirds 
recorded in the morning session over the evening session clearly 
shows that time of day regulates the physiological activity of sun-

birds. All the sunbirds recorded spent the same foraging time in 
order to escape birds of prey in the area. This study shows that the 
parasitized Citrus orchard in FULafia Permanent Site is a potential 
conservation site that is of immense benefit to sunbirds and other 
animals too such as the bronze mannakin and African paradise fly-
catcher that were sighted on the plant during the survey. Hence, the 
orchard should not be cleared in the near future for the purpose 
of building structures but be reserved as a part of the Institution’s 
zoological garden.
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