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Abstract
Ecological and biological processes of many bird species are regulated by human generated dump-food fragments 

in cities. Birds are well known to have an ecological role in both natural and modified ecosystems. The major aim of 
this study was to determine the ecological role of dump-food subsidy to the feeding behavior of wild-birds in Limbe city. 
The research area was divided into four zones, north, south, east, and west. The zonation was based on a sampling 
method that would reduce bias in the data collection program. Eight dumpsites were randomly selected from each 
zone and were visited five times a week for research data collection. On the waste-dumps, observations were done 
from 7:00am – 6:00pm, and the activities of all the bird species observed were recorded during the period. However, 
the study witnessed a significance between bird species and feeding rate X2 = 38.473 df=6, P=0.000. More so, the 
presence of 8-bird species was recorded on waste-dumps, amongst which was Ploceus cucullatus 19%, Ploceus 
luteolus 19%, Passer griseus 18%, Bubulcus ibis 17%, Corvus albus 16% were the highest while Anthreptes collaris 
1%, Columbia livia 4%, Cenceropus sinensis 6% the lowest. The atmospheric condition and photo-period recorded 
a significance X2 = 20.597 df=4, P=0.000. The study revealed highest bird activity rate in the afternoon period of the 
day 36% compared to morning 32% and evening 32% each respectively. Feeding rate and atmospheric changes were 
significant X2 = 29.499 df=7, P=0.000. Dump-weight estimate showed a significance on atmospheric condition and 
feeding rate as well X2 = 5.616 df=8, P<0.05 and X2 = 57.712 df=14, P=0.000 respectively. Additionally, dominant waste 
material and feeding rate recorded a significance X2 = 13.269 df=4, P=0.010. The most dominant material found on all 
the dumps was food fragments 79% compared to plastics 10%, paper 8%, and cloths 3% respectively. There was a 
positive correlation between feeding rate and photo-period r = 0.205, P=.0.007. The study discovered that street-waste 
dumps were sometimes collected/removed by the management authorities after weeks or even months of accumulation 
causing windblown light fragments to litter the roads and nearby compounds. Additionally, insects, rodents, snakes, 
domestic animals, and birds that feed on these dumps sometimes visit human homes and may vector illnesses like, 
malaria, cholera, and typhoid, amongst others to humans.
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Introduction
The world is urbanizing rapidly (United Nations, Department of 

Economic and Social Affairs, Population Division, 2014), as a result, 
human–wildlife interactions will become ever more commonplace. 
One of the most popular and globally common of such interactions is 
the feeding of wild birds in residential gardens or backyards, referred 
as “garden bird feeding” that is widespread across many parts of the 
developed world [1]. This pastime is increasingly becoming the subject 
of scientific and societal scrutiny (Robb et al., 2008a). Bird feeding on 
waste dumps has been advocated as an essential conservation activity, 
a simple way for people to connect with nature in an urbanizing world, 
and a means for enhancing environmental awareness and psychological 
wellbeing [2,3]. However, it has also been implicated in the spread 
of catastrophic avian diseases [4,5], altering ecosystem structure, 
benefiting invasive species [6], changing predator-prey dynamics [7], 
and even contributing to rapid evolutionary change [8]. 

Furthermore, the possibility that birds may become dependent on 
anthropogenic food is a primary concern of both opponents to, and 
proponents of bird feeding [9,10]. These issues constitute a far from 
exhaustive list and clearly a more complete understanding of this 
interaction between birds and humans should be a significant research 
priority. This is especially pertinent within the context of urban ecology 
[11] as it is becoming clear that many animal and plant populations 
exhibit “phenotypic signatures” associated with the urban areas in 
which they live [12]. Bird feeding has previously been described as 

a supplementary feeding experiment on a global scale but without 
due consideration of its effects on the behavioral, community, and 
population ecology of the birds consuming supplements [13]. However, 
despite the above concerns, scientific investigations into most aspects 
of the practice are fragmentary and geographically limited. 

The scale of bird feeding by a range of different criteria is 
remarkable. In the United Kingdom (UK), various studies have 
found that more than 60% of households regularly feed birds in their 
gardens, spending US$188–226 million on 60,000 tons of birdseed 
annually [14]. Robb et al. (2008a) estimated that sufficient seed was 
distributed for blue tits (Cyanistes caeruleus) alone to support five 
times the national population of the species. In the United States (US), 
the 2011 National Survey of Fishing, Hunting, and Wildlife-Associated 
Recreation reported that 52.8 million households practiced some form 
of bird-feeding, giving a countrywide rate of 73% (U.S. Fish Wildlife 
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Service and U.S. Census Bureau, 2011) spending a total of US$4 billion 
on birdseed and an additional US$10 billion on related hardware and 
peripherals, annually. 

The annual amount of bird food supplied in the US is ∼500,000 
tons, enough to feed 300 million chickadees (Poecile spp), if they 
consumed nothing else. Although bird-feeding is commonly practiced 
through much of North America and parts of Europe, relatively little 
is known about its extent and scale in countries other than Germany, 
Norway, Sweden, the UK, and the US [15]. Anecdotally, there has long 
been a general impression that it is a far more established practice in 
the more northern European countries, a conclusion confirmed by a 
recent informal qualitative survey. The widespread practice of wild-
bird feeding is directly linked to geographical areas that experience 
prolonged or extreme climatic conditions during winter. Indeed, apart 
from the notable exceptions of the UK and Germany, wild-bird feeding 
in northern Europe remains almost entirely a winter-only activity. In 
contrast, bird feeding is rarely practiced throughout the countries of 
southern Europe, although there are some enclaves—notably areas 
with residents from more northern European countries—where some 
wild-bird feeding does occur.

Materials and methods
Description of the study area

Limbe city is found in southwest region of Cameroon, with an 
estimated population of 118,470 inhabitants, it is located between 
longitude 9º E, and latitude 4º N. Climatically, Limbe is dominated 
by equatorial climate of high rainfall and high temperature. Average 
monthly temperatures are like any other part of the region, with the 
hottest month recording a monthly temperature of 33ºC (February- 
March) and the coldest months recording as low as 23ºC (June–
October) (Limbe City Council 2014). Two major seasons exist in the 
area, the rainy and the dry seasons. In the past, the rainy season occurred 
from March, extending to October and the dry season from November 
to February each year. But due to the present climatic change problem, 
the rainy season extends up to October and December. The primary 
and secondary forests are rich in flora species in the municipality. 
However, over 80% of the primary forest had long been exploited by 
timber companies (Figure 1). 

Methods of data collection

The field research started with a pilot study to test the methods 
to be used in the process. The exercise witnessed adjustment of some 
variables in the check-sheet not possible for data collection. Hence, 
the data collection program started in the month of March and ended 
in July. The research area was divided into four zones, north, south, 
east, and west zone. The zonation was based on a sampling method 
that would reduce bias in the data collection program. Also, eight 
dumpsites were randomly selected from each zone and were visited five 
times a week for research data collection. On the dumps, observations 
were done from 7:00am – 6:00pm, and the activities of all the bird 
species observed were recorded during the period [16]. Moreover, 
the ecological conditions like atmospheric changes, photo-period, the 
weight estimate of dumps, proximity of dump to residential homes, 
major dump materials were recorded simultaneously.

Research data analysis

The data was analyzed by using chi-square (X2) and correlation 
(r) statistical models. The inferential and exploratory statistics helped 
to examine the variables against each other, and to understand their 
degree of association. The bird species and their activities were 
examined on dump weight, dump proximity to human residence, and 
the atmospheric changes. 

Results
The study revealed a significance between bird species and their 

feeding rate X2 = 38.473 df=6, P=0.000 (Figure 2). Limbe city is 
found at the foot of mount Cameroon, with a fertile volcanic soil and 
petroleum refinery, it has attracted a hug human population from all 
parts of the country generating social activities. Waste generation in 
cities increases proportionately with human population activities, as a 
result, bird population that depend on these waste materials for feeding 
also increases in most communities. The city of Limbe is witnessing an 
unprecedented increase in bird species and population because of the 
hug concentration of solid waste materials, a permanent food subsidy 
to the birds. This study recorded the presence of 8 birds on dumpsites, 
amongst which were Ploceus cucullatus 19%, Ploceus luteolus 19%, 
Passer griseus 18%, Bubulcus ibis 17%, and Corvus albus 16% as the 

Figure 1: Map of Limbe City (Limbe City Council, 2014).
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highest while Anthreptes collaris 1%, Columbia livia 4%, Cenceropus 
sinensis 6% the lowest (Figure 3). There was a high-feeding-bird 
activity on waste-dumps 37% compared to low 32% and normal 31% 
respectively (Figure 4).

Also, the atmospheric condition and photo-period recorded a 
significance X2 = 20.597 df=4, P=0.000 (Figure 5). The study revealed 
the highest bird activity rate in the afternoon period of the day 36% 
compared to morning 32%, and evening 32% each respectively (Figure 
6). Most studies carried out on wildlife ecological often witness a high 
activity rate during the morning period of the day. However, most cities 
in Cameroon have high social activity during the morning period of 
the day, low in the afternoon probably due to tiredness, with a gradual 
increase in the evening periods when people must have recovered little 
from mid-day-activity exhaustion. Wild-city birds in Cameroon are 
scared of human presence at proximity; hence, their high feeding rate 
at dumpsites could be favored by a reduced human-activity presence in 
the afternoon period. The study also discovered waste-dumps that were 
further from human presence had more birds’ activity than the rest.

Feeding rate and atmospheric changes were significant X2 = 29.499 
df=7, P=0.000 (Figure 7). Atmospheric changes have been among the 
key factors influencing wildlife activities, especially feeding activity. A 
poor atmospheric condition could reduce or stop feeding completely– 
heavy rainfall and snow storms in most parts of the world have affected 
wildlife feeding considerably. The sunny atmosphere was a favorite 
atmospheric condition for bird-feeding activity at the dumpsites. On 
the other hand, a dry sunny atmospheric condition was wind-blowing 
light solid-waste materials into the roads, residential homes, and other 
unexpected areas further from dumpsites. Additionally, a bright sunny 
atmosphere would attract insects such as flies that could vector human 
diseases like malaria. 

Dump weight recorded a significance on atmospheric conditions 
and feeding rate X2 = 5.616 df=8, P<0.05 (Figure 8) and X2 = 57.712 
df=14, P=0.000 respectively (Figure 9). Solid-waste dumping depends 
on the human population and their waste generating activities. Limbe 
city has solid-waste-disposal sites along the streets, unfortunately, 
frequent waste collection is carried out only on the roadside dumps 
except for those behind residential homes, restaurants, business shops, 
and offices due to lack of accessibility. Sometimes, the management of 
unofficial waste-dumps is done by incineration especially during the 
dry season when the waste must have lost enough moisture content to 
permit easy incineration. Nevertheless, the incineration method of the 

Figure 2: Bird species and feeding rate.

Figure 3: Bird species on dumpsites.

Figure 4: Bird-feeding activity rating.

Figure 5: Photo-period and atmospheric condition.

Figure 6: Photo-period.

Figure 7: Feeding rate and the atmospheric condition.
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solid-waste management in this city means waste would accumulate 
for probably up to one year for the dry season to exhaust the moisture 
content. This long-wait, ends up increasing the dump-volume, and 
consequently, an increase in bird population depending on this food 
survival. The survey also revealed that larger dumps received more 
bird-feeding activities because of their richness in in food fragments 
comparatively.

Dominant waste material and feeding rate recorded a significance 
as well X2 = 13.269 df=4, P=0.010 (Figure 10). The most dominant 
material found on all the dumpsites was food fragments 79% compared 
to plastics 10%, papers 8%, and cloths 3% respectively (Figure 11). Food 
fragments at dumpsites from the hug human population in this city 
cannot be easily incinerated compared to other solid-waste fragments.

There was a positive correlation between feeding rate and photo-
period r = 0.205, P=.0.007 (Figure 12). Wildlife-feeding-activity rate 
is influenced by the day-period, as proven by this study. The highest 
feeding activity was during the morning period of the day, followed by 
afternoon, and then the evening, reflecting a normal feeding-activity 
pattern of wild-city birds. 

Discussion
The importance of food resources in all aspects of the lives of 

animals is fundamental to understanding population and community 
dynamics. These complex interactions have been investigated 
experimentally in a vast number of supplementary feeding studies on 
many different species and in many biomes. However, remarkably 
little empirical data exist for comparison between cities and species. 
In part, this is due to the many challenges associated with undertaking 

scientifically robust studies in environments unavoidably occupied by 
high densities of people. Nonetheless, a growing number of important 
pioneering investigations are shedding light on the ecological influence 
of food supplements on the local community of birds. 

One recent study compared the changes in composition and 
abundance of the suburban bird community in Auckland, New 
Zealand over an 18-month period during which food was provided 
by householders, followed by its withdrawal [17]. The results were 
dramatic for several of the species involved, with increased abundance 
of house sparrows and spotted doves (Streptopelia chinensis)—both 
introduced species—during the provisioning phase, while that of 
the native gray gerygone (Gerygone igata) was significantly lower. 
The influence of feeding in shaping avian communities was further 
emphasized when the community returned to its pre-supplementary 
feeding structure within only a few weeks of the cessation of feeding. 
An important (but rarely achieved) aspect of this study was the willing 
compliance of the participants to engage with the scientific objectives 
in stopping feeding birds when instructed to do so to allow the role of 
feeding to be investigated rigorously. 

Figure 8: Dump weight and atmospheric conditions.

Figure 9: Dump weight and feeding rate.

Figure 10: Dominant waste material and feeding rate.

Figure 11: Dominant waste materials.

Figure 12: Bird-feeding rate and photo-period.
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In the UK, bird-feeding in cities results in peaks in numbers of 
farmland bird species such as the yellow hammer (Emberiza citronella) 
in the late spring in response to food deficits on farmland caused by 
changes in agricultural practice such as the loss of winter stubbles 
[18]. Such transient incursions into urban areas from surrounding 
countryside typically result in temporary changes to urban bird 
community structure. In contrast, changes in migration patterns of 
some species such as the Eurasian blackcap have led to more enduring 
changes to community structure because birds are now present 
throughout the winter in the UK. This is a trend that has grown in 
blackcaps in the last 60 years and appears to be closely related to the 
increased availability of feeders in gardens [19]. 

It is expected that urban bird communities will continue to be 
sensitive to anthropogenic feeding practices resulting in foods being 
available year-round. This will increase the carrying capacity of urban 
habitats despite also potentially increasing the creation of many more 
ecological/evolutionary traps and sink habitats [20,21]. As well as 
changes in short-distance movements and seasonal migratory patterns 
of native species, bird-feeding in urban centers has also favored the 
predominance of introduced species in New Zealand. Galbraith et 
al. (2015) found greater abundances of introduced house sparrows 
and spotted doves at feeders in Auckland and reduced abundances 
of native species such as gray gerygones. While feeders clearly attract 
greater numbers of the species using them, they may also reduce 
species richness in the avian community because of the predominance 
of introduced species. Certainly, in the UK and the rest of temperate 
Europe the introduced rose-ringed parakeet (Psittacula krameri) has 
established in many cities with its success at least in part associated 
with access to urban bird feeders [22,23]. This species not only out 
competes many native species for food but also for nest sites [24,25]. 

Perhaps the most concerning impact of bird feeding is its potential 
to spread disease. Although there is often strong defense of feeding in 
response to this concern, numerous studies have strongly implicated 
feeders as mediating infection and exacerbating the virulence of 
outspread, most markedly in the case of house finch mycoplasma 
Hartup and trichomoniasis [26]. The implications of this potential 
link between likelihood of epidemics and bird feeders are sufficiently 
significant to warrant a high level of concern and action among all 
people engaged in the pastime. The response may be as simple as 
regular hygienic practices [27]. However, the best such approaches are 
not “second nature” to the bird feeding public, and thus much remains 
to be developed both in terms of adding to knowledge and effective 
communication of pertinent research outputs to the “end user” [28].

Conclusion
Wildlife population in cities, especially birds predominantly depend 

on solid waste dumps for feeding. This is because urban development is 
destructive to wildlife habitats that homes many wildlife species, hence, 
wildlife population decline in sub Saharan Africa has been based on 
this problem. Limbe is a coastline city at the foot of mount Cameroon 
known to be rich in wild-bird species, however, the increased human 
population and its activity has established an ecological zone beneficial 
to the wild-bird population through the solid-waste dumps. Solid-waste 
management in some communities in Cameroon is facing challenges, 
poorly trained personnel, low salary of workers, and segregation of 
waste fragments. The street-waste dumps are sometimes collected/
removed by the management authorities after weeks or even months 
of accumulation causing windblown light fragments into the roads and 
nearby compounds. Additionally, insects, rodents, snakes, domestic 

animals, and birds that feed on these waste-dumps visit human homes 
and may vector illnesses such as malaria, cholera, and typhoid, amongst 
many others.
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