ASSESSING THE IMPACT OF PLANTS SPECIES RICHNESS FOR THE CONSERVATION OF FOREST BIRD, ODE-IRELE, ONDO STATE, NIGERIA
Ogunsusi, K. and Adeleke, B. O.

ABSTRACT

Conservation of birds in fragments of forest habitats is important to avoid continual loss of bird richness. This study determined the richness and diversity of bird species in relation to the richness of habitat variables of tree, shrub and herb. The study was conducted in the forested bitumen belt of Ode-Irele, Ondo State, Nigeria. Data on birds was evaluated using point count, while vegetation cover was sampled using both 5 m2 and 1 m2 quadrants. Data collected were subjected to descriptive statistics, and linear regression. Result indicates that 31 families of birds were associated with the study area. The families of Accipitridae, Ploceidae, Prionopidae, Columbidae, Alcedinidae, Motacilidae, Nectarinidae, Picidae, Sylviidae, and Turdidae had high species richness. The richness of birds was influenced by the richness of vegetation taxa mostly in arable farmland and riparian habitat. The tree, shrub, and herb layers of the forest habitat are, therefore, useful indices for conservation of birds’ species.  
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INTRODUCTION

Population growth and human development result in biodiversity loss with habitat modification appearing to be the leading cause of wildlife and bird loss particularly in term of species richness (Zari, 2014). ‘’Species richness is the number of different species found in a given ecosystem, region or a particular area, and is the most common type of biodiversity index (The National Academies Press, 1999). Species richness is a biodiversity index, which influences and supports the stability of an ecosystem’’. It is represented by the species diversity in a specific ecological community. Species diversity is a measure of the number and frequency of species in a community (The National Academies Press, 1999). Many researchers had in the past attributed the decline and decimation of animal as well as bird population dynamics and distribution in space to habitat loss and fragmentation all of which threaten the integrity of the region's habitat networks, and consequently had seriously affected the composition, distribution, and richness of bird species   (Niebuhr et al., 2015; van der Plas et al., 2016; van Strien et al., 2018). José et al., (2009) posited that

‘’Bird communities strongly varied in relation to habitat transformations, with lower abundance of individuals, richness and diversity of species in more transformed landscapes’’
Some studies, however has revealed that the transformation of landscapes and habitats are much more favourable to birds. For example, Wiens (2008) reported that disturbed habitats are more than often seen as islands with different patterns of environment over a particular distance and are managed as such. These islands according to Garwood et al., (2015) are anthropogenically, i.e., human-induced landscapes alteration wherein the population of some bird species can explode because the ecosystems are novel to the extent that some species can successfully exploit them. Chettri et al. (2005) revealed that forests with closed canopy that are not all that disturbed had structures that are complex and so not favourable to birds, thus confirming that moderately disturbed habitats are more favourable for bird species richness as vegetation heterogeneity in terms of vertical stratification and species composition are greater. In their finding, Fischer and Lindenmayer (2007) reported that extinction cascades are particularly likely to occur in landscapes with low native vegetation cover, low landscape connectivity, degraded native vegetation and intensive land use in modified areas, especially if keystone species or entire functional groups of species are lost. 

Biodiversity has been recognised as a major driving force in ecosystem function (Hooper et al., 2005), as the natural functioning of the ecosystem has been linked to the inter play between biodiversity and the biomass it produces (Li et al., 2018). This ecosystem functioning calls for understanding what the human-induced impacts will have on the functioning of bird species. It is important to understand anthropogenic impacts on the occurrence of avian functional groups because they to a large extent determine ecosystem functioning (Mulwa et al., 2012). In the finding of Mahiga et al. (2019), natural forest had more species of birds when compared to farmlands and plantation forest with plantation forest having the lowest relative richness of all avian habitats and foraging guilds. But, specialist forest-dependent bird species mainly occurred in the structurally complex remnant natural forest (Mahiga et al., 2019). Habitat fragments exist in complexities of landscape patches which are influenced by external factors that vary as the patch structure is modified (Zarnetske et al., 2017). The rapid decline of ecosystems and its attendant effects on the loss of habitats for birds as well as the direct effects of habitat loss and fragmentation on the population of birds calls for the recognition of habitat patches for the conservation of birds. Therefore, this study aimed at evaluating richness of bird species in six selected habitats. The specific hypothesis of this research is: Species richness of birds is not affected by the richness of vegetation taxa.
METHODOLOGY

The study was carried out at Ode-Irele in Ondo State, southwest of Nigeria. Ode-Irele is located in the Southern fringe of the state between Latitudes 060 161N to 060 401 N and Longitudes 0040 471 E to 0050 101 E. To evaluate habitat use by birds, six 20- minutes point count to a radius of 30 meters was carried out in each of six habitats following method used by Benoit et al. (1996) and Innes et al. (2004) early in the morning and evening time. Unique methods for cryptic bird species such as early morning/late evening display flight counts for long-tailed nightjar as described by Innes et al, 2004, or call-counting for nocturnal species such as owls was used where these or other cryptic species were present. All the identification for bird species followed methods used by Elgood (1982) and Grzimek, Ed. (1972, 1973). 

The vegetation cover was sampled using six 5m2 quadrants for trees and shrubs, while 1-m2 sub-plot was used to survey herb cover within each of the 5 m2 quadrant. Records were then taken of the plants occurring in the quadrants. The habitats considered are: Fallow Land, FL, High Forest (islands), HF, Arable Farmland (edge), AF, Riparian Habitat, RH, Cashcrop Farmland, CF and Urban Arboreta, UA which were mostly remnants of original contiguous forest, but, with enough connectivity. Habitats were ideally not closer than 200 metres. Data on birds and plants were replicated six times in each of the habitats.
Data collected were subjected to descriptive statistics. Multivariate regression was also used to determine the best fit for the use of trees, shrubs and herbs by birds. Post test correction was used to adjust for multiple comparisons to determine if all the means were really equal or that one or more were significant by chance.

Bird Species Diversity
The result of diversity of bird species is as presented in Table 1. The result showed that Accipitridae (six species), Prionopidae and Ploceidae (five species each), Columbidae, Alcedinidae, Picidae, and Nectarinidae (four species each) were families with relatively high level of species diversity in fallow land. For high forest, Accipitridae with nine species, Columbidae, Alcedinidae, Nectarinidae, and Ploceidae with four species each is an indication that the habitat is highly diversified in bird species. In arable farmland, Ploceidae had the highest diversity of bird species with eight species, while Columbidae, Alcedinidae, Motacilidae, Sylviidae, and Nectarinidae had four species each. The result also showed that in cashcrop farmland, Accipitridae with six species was the most diversified in species, while Ploceidae followed with three species. In riparian habitat, species diversity was highest for Accipitridae with six species followed by Columbidae and Ploceidae with four species each. Species diversity was highest for Ploceidae (six species) in urban arboreta, as species diversity was also high for Accipitridae that had five species, while Alcedinidae, Motacilidae, Turdidae, and Nectarinidae all had four species each.

Table 1: Bird Species Diversity
	S/No
	Family
	Diversity of Bird species

	
	
	Fallow Land
	High Forest
	Arable Farmland
	Cashcrop Farmland
	Riparian Habitat
	Urban Arboreta

	1
	Accipitridae 
	6
	9
	2
	6
	6
	5

	2
	Columbidae 
	4
	4
	4
	-
	4
	3

	3
	Musophagidae 
	1
	1
	1
	1
	-
	1

	4
	Cuculidae 
	3
	3
	2
	2
	3
	2

	5
	Strigidae 
	1
	1
	-
	-
	1
	-

	6
	Micropodidae 
	1
	1
	-
	-
	-
	2

	7
	Coracidae 
	1
	1
	1
	-
	1
	-

	8
	Phoeniculidae 
	1
	1
	1
	1
	1
	-

	9
	Bucerotidae 
	1
	1
	1
	-
	-
	-

	10
	Alcedinidae 
	4
	4
	4
	-
	3
	4

	11
	Meropidae 
	1
	1
	1
	1
	1
	1

	12
	Capitonidae 
	2
	2
	1
	1
	2
	1

	13
	Picidae 
	4
	3
	1
	2
	1
	-

	14
	Motacillidae 
	-
	-
	4
	2
	-
	4

	15
	Timalidae 
	1
	-
	-
	-
	1
	-

	16
	Pycnonotidae 
	2
	3
	1
	1
	2
	1

	17
	Muscicapidae 
	3
	2
	2
	-
	2
	2

	18
	Turdidae 
	1
	-
	3
	2
	1
	4

	19
	Sylviidae 
	3
	1
	4
	2
	1
	3

	20
	Dicruridae 
	1
	1
	1
	-
	-
	-

	21
	Prionopidae 
	5
	1
	2
	2
	3
	3

	22
	Oriolidae 
	1
	1
	-
	-
	1
	-

	23
	Corvidae 
	1
	1
	1
	-
	1
	1

	24
	Sturnidae 
	3
	1
	2
	1
	2
	3

	25
	Zosteropidae 
	1
	1
	-
	-
	1
	-

	26
	Nectarinidae 
	4
	4
	4
	1
	3
	4

	27
	Fringilidae 
	1
	1
	1
	-
	1
	1

	28
	Ploceidae 
	5
	4
	8
	3
	4
	6

	29
	Caprimulgidae 
	-
	-
	-
	-
	1
	-

	30
	Hirundidae 
	-
	-
	-
	-
	-
	2

	31
	Ardeidae 
	-
	-
	-
	-
	-
	1


Richness of Tree, Shrub and Herb species

On tree species richness, Leguminosae: caesalpiniodae had the highest species per unit area with eight species in farm fallow. Also in high forest, the same Leguminosae: caesalpiniodae with Boraginaceae was the most species rich with four different species. For arable farmland, Leguminosae: caesalpiniodae had the highest number of species of five followed by Euphorbiaceae and Leguminosae: mimosoideae (four species each). However for cashcrop farmland, Boraginaceae was the most species rich with two species. In addition, riparian habitat also had Leguminosae: caesalpiniodae as the most species rich with five species. For urban arboreta, the trio of Anacardiaceae, Rutaceae, and Boraginaceae were the most species rich with three species each.

As regards species richness of shrubs, Malvaceae and Combretaceae were the most species rich in farm fallow with three species each. In high forest, the trio of Malvaceae, Combretaceae, and Annonaceae had the highest number of species of three each. For arable farmland, cashcrop farmland, riparian habitat, and urban arboreta, Malvaceae also was the most species rich with five, six, five, and nine species each respectively.

Result of species richness of herbs revealed that Asteraceae was the most species rich with six different species in fallow land. In high forest, Athyraceae with five different species was the most species rich. For arable farmland, Poacea with 12 different species was the most species rich followed closely by Asteraceae (10 species). The result also revealed that in cashcrop farmland Poacea with seven species had the highest number of species. Furthermore, Cyperaceae and Poaceae with eight species each in riparian habitat were the most species rich. Also, in urban arboreta, the duo of Poaceae (eight species) and Cyperaceae (seven species) were respectively the most species rich.

Influence of Richness of Vegetation Taxa on Bird Richness

The result of the influence of tree species richness on the richness of birds is as presented in Table 2. The result showed that arable farmland had the best fit, followed respectively by fallow land, riparian habitat, high forest, urban arboreta and cashcrop farmland. The result also showed that the mean values for confidence level of the influence of tree richness on the richness of birds were significant across all the habitats. On the influence of shrub richness on the richness of birds, the result in Table 2 showed that riparian habitat had the best fit. This is respectively followed by cashcrop farmland, urban arboreta, fallow land, arable farmland and high forest. The result also showed that the mean values for confidence level of the influence of shrub richness on the richness of birds were significant for all the habitats. The result of the influence of herb richness on the richness of birds presented in Table 2 showed that arable farmland had the best fit followed respectively by riparian habitat and urban arboreta, cashcrop farmland, fallow land and high forest. The result also showed that the mean values for confidence level of the influence of herb richness on the richness of birds were significant for all the habitats. 

Table 2: Influence of Vegetation Richness on Bird Richness

	Mean Tree Richness and Bird Richness

	Habitat 
	Tree    
	Bird 
	Best fit
	Mean1-mean2
	95% CL of difference
	Sig 
	T

	Fallow Land
	8
	14
	15.42
	-6
	- 11.00  to  - 1.00
	Yes
	3.91

	High Forest
	4
	14
	14.04
	-10
	- 15.00  to  - 5.00 
	Yes
	6.51

	Arable Farmland
	9
	15
	15.77
	-6
	- 11.00  to  - 1.00  
	Yes
	3.91

	Riparian Habitat
	7
	17
	15.07
	-10
	- 15.00  to  - 5.00
	Yes
	6.51

	Cashcrop Farmland
	1
	11
	13.07
	-10
	- 15.00  to  - 5.00
	Yes
	6.51

	Urban Arboreta
	3
	16
	13.70
	-13
	- 18.  to  - 8.  
	Yes
	8.46

	Mean Shrub Richness and Bird Richness

	Fallow Land
	7
	14
	14.51
	-7.00
	- 10.3  to  - 3.7
	Yes
	6.86

	High Forest
	9
	14
	14.25
	-5.00
	- 8.3  to  - 1.7 
	Yes
	4.90

	Arable Farmland
	8.5
	15
	14.32
	-6.50
	- 9.8  to  - 3.2
	Yes
	6.37

	Riparian Habitat
	5.5
	17
	14.70
	-11.50
	- 14.8  to  - 8.2 
	Yes
	11.28

	Cashcrop Farmland
	6
	11
	14.64
	-5.00
	- 8.3  to  - 1.7  
	Yes
	4.90

	Urban Arboreta
	6.5
	16
	14.58
	-9.50
	- 12.8  to  - 6.2
	Yes
	9.32

	Mean Herb Richness and Bird Richness

	Fallow Land
	5
	14
	14.14
	-9.0
	- 13.2  to  - 4.8
	Yes 
	7.02

	High Forest
	3.5
	14
	13.81
	-10.5
	- 14.7  to  - 6.3  
	Yes
	8.20

	Arable Farmland
	10.5
	15
	15.38
	-4.5
	- 8.7  to  - 0.3
	Yes
	3.51

	Riparian Habitat
	7
	17
	14.59
	-10.0
	- 14.2  to  - 5.8 
	Yes
	7.81

	Cashcrop Farmland
	6.5
	11
	14.48
	-4.5
	- 8.7  to  - 0.3
	Yes
	3.51

	Urban Arboreta
	7
	16
	14.59
	-9.0
	- 13.2  to  - 4.8
	Yes
	7.03


DISCUSSION

Finding of this study revealed the dependence of birds’ richness on the combinations of richness of tree, shrub and herbs and was predicted most for riparian habitat. Early finding of Harvey et al (2006) revealed that greatest numbers of bird species were associated with riparian and secondary forest, and forest fallows, and pastures with tree cover.

Also, the richness of tree species influenced the richness of bird species with arable farmland having the best fit. This result is in agreement with the finding of Harvey et al (2006) that species richness of birds was positively correlated with tree species richness. This finding also indicated that retaining tree cover within agricultural landscapes can help conserve bird diversity.
As regards the influence of shrub richness on the richness of birds, result showed that riparian habitat was predicted to have the most influence on the richness of birds as it had the best fit. The richness of shrub species in relation to the richness of birds agreed with the findings of, Laiolo et al. (2004), Watson et al. (2011) and Baker et al. (2015).
Again arable farmland was predicted to accommodate birds’ species richness better than other habitats by the herbaceous species richness. Finding on herbs corresponds with the earlier work of Štefanová and Šálek (2014) in which they found that herbal and bird communities were significantly more species-rich on lands with integrated farming.

More importantly, finding of this study showed that the mean values for confidence level of the influence of richness of each of tree, shrub and herb on the richness of birds were significant across all the habitats. The implication of this is that birds were dependent on trees, shrubs, and herbs in like manner across the six habitats irrespective of which habitat had the best fit. This may not be unconnected with a number of indices which include the richness of native vegetation recorded in this study. 
Conclusion
The richness of bird species in a forest region, particularly fallow land, high forest, arable farmland, riparian habitat, cashcrop farmland and urban arboreta is highly dependent on the layering of the forest habitat. The richness of layers of tree, shrub and herb layers are therefore critical to the enhancement of richness of bird species in the six selected habitats and the conservation of the forest birds.
References
Baker, M.A, Emerson, S. E., Brown, J. S. (2015): Foraging and habitat use of eastern cottontails (Sylvilagus floridanus) in an urban landscape. Urban Ecosystems. Year 2015. DOI 10.1007/s11252-015-0463-7. Subject Urban Studies / Ecology
Benoit, J. Jean-Luc, D. and Celine, B. (1996). Population Trends in Selected Spp of Farmland Birds In Relation To Recent Developments in Agric In the St Lawrence Valley. Agric. Ecosystems and Environment; 57(2, 3): 103-116.  

Elgood, J.H., 1982. Birds of the West African Town and Garden. Longman pub, Essex, England. 66pp

Innes, J. Nugent, G. Prime, K. and Spurr, E. B. (2004). Responses of kukupa (Hemiphaga novaeseelandiae) and other birds to mammal pest control at Motatau, Northland, New Zealand. Journal of Ecology, 28: 73–81.

Garwood, T., Ziobro, R., Keene1, K., Waller, A. and Pauli, J. N., (2015): Diet, Habitat Use, and Size of an Urban Population of Coyotes Obtained Noninvasively. Urban Naturalist 5:1-8.

Grzimek, B., (Ed), 1972. Animal life encyclopedia:Birds. Van Nostrand Reinhold pub, New York, United States. Volume 1, 579pp. 

Grzimek, B., Ed, 1972. Animal life encyclopedia:Birds. Van Nostrand Reinhold pub, New York, United States. Volume 2, 619pp

Grzimek, B., Ed, 1973. Animal life encyclopedia:Birds. Van Nostrand Reinhold pub, New  York, United States. Volume 3, 648pp.

Harvey, C. A., Medina, A., Sanchez, D. M., Vilchez, S.,  Hernandez, B., Saenz, J. C., Maes, J. M., Casanoves, F., and Sinclair, F., (2006): Patterns of Animal Diversity in Different Forms of Tree Cover In Agricultural Landscapes. Ecological Applications, 16(5), 2006, pp. 1986–1999

José, M. C., Guillermo, L. T. and Marcelo, B. (2009). Effects of Habitat Degradation on the Abundance, Richness and Diversity of Raptors across Neotropical Biomes. doi:10.1016/j.biocon.2009.02.012  

Laiolo, P., Caprio, E., Rolando, A. (2004): Can forest management have season-dependent effects on bird diversity? Biodiversity & Conservation, Volume 13, Issue 10, pp 1925-1941
Štefanová, M. and Šálek, M., (2014). Effects of integrated farming on herbal and bird species diversity in Czech agricultural landscapes. Polish Journal of Ecology, 62: 147-162. https://doi.org/10.3161/104.062.0114  
The National Academies Press (1999). Perspectives on biodiversity: valuing its role in an ever-changing world. 153pp. https://www.nap.edu/catalog/9589/perspectives-on-biodiversity-valuing-its-role-in-an-everchanging-world
Watson, D. M., McGregor, H. W. and Spooner, P. G., (2011). Hemiparasitic shrubs increase resource availability and multi-trophic diversity of eucalypt forest birds. Functional Ecology, 150: 889–899. 

Wiens, J. A. (2008). Habitat fragmentation: Island V Landscape Perspectives on Bird Conservation. Ibis, 137(1): S97 - S104. 10.1111/j.1474-919X.1995.tb08464.x about DOI
Niebuhr, B. B. S., Wosniack, M. E., Santos, M. C., Raposo, E. P., Viswanathan, G. M., da Luz, M. G. E. and Pie, M. R. (2015). Survival in patchy landscapes: the interplay between dispersal, habitat loss and fragmentation. Scientific Report, 5: 11898. https://dx.doi.org/10.1038%2Fsrep11898
Chettri, N., Deb, D. C., Sharma, E. and Jackson, R. (2005). The Relationship between Bird Communities and Habitat Authors: Mountain Research and Development, 25(3): 235-243. https://doi.org/10.1659/0276-4741(2005)025[0235:TRBBCA]2.0.CO;2
van der Plas F, Manning P, Soliveres S, Fischer, M. (2016). Biotic homogenisation can decrease landscape scale ecosystem multifunctionality. Proc Natl Acad Sci USA 113:357–362. doi: 10.1073/pnas.1517903113
van Strien, M. J., Axhausen, K. W., Dubernet, I.,Guisan, A., Grêt-Regamey, A., Khiali-Miab, A., Ortiz-Rodríguez, D. O. and Holderegger, R. (2018). Models of Coupled Settlement and Habitat Networks for Biodiversity Conservation: Conceptual Framework, Implementation and Potential Applications. Front. Ecol. Evol., 16  https://doi.org/10.3389/fevo.2018.00041
Fischer, J. and Lindenmayer, D. B. (2007). Landscape modification and habitat fragmentation: a synthesis. Global Ecology and Biogeography, 16(3): 265-280. https://doi.org/10.1111/j.1466-8238.2007.00287.x
Hooper, D. U., Chapin, F. S., Ewel, J. J., Hector, A., Inchausti, P., Lavorel, S., Lawton, J. H., Lodge, D. M., Loreau, M., Naeem, S. and Schmid, B. (2005). Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. Ecol Monogr 75:3–35.
Li, S., Lang, X., Liu, W., Ou, G., Xu, H. and Su, J. (2018). The relationship between species richness and aboveground biomass in a primary Pinus kesiya forest of Yunnan, southwestern China. PLoS ONE 13(1): e0191140. https://doi.org/10.1371/journal.pone.0191140
Mahiga, S. M., Webala, P., Mware, M. J. and Ndang’ang’a, P. K. (2019). Influence of Land-Use Type on Forest Bird Community Composition in Mount Kenya Forest. International Journal of Ecology, Article ID 8248270, 8 pages. https://doi.org/10.1155/2019/8248270
Mulwa, R. K., Bohning-Gaese, K. and Schleuning, M. (2012). “High bird species diversity in structurally heterogeneous farmland in Western Kenya,” Biotropica, vol. 44, no. 6, pp. 801–809, 2012.
Zari, M, P. (2014). Ecosystem services analysis in response to biodiversity loss caused by the built environment, S.A.P.I.EN.S, 7(1). http://journals.openedition.org/sapiens/1684
Zarnetske, P. L., Baiser, B., Strecker, A., Record, S., Belmaker, J. and Tuanmu, M. (2017). The Interplay between Landscape Structure and Biotic Interactions. 
Current Landscape Ecology Reports, 2(1): 12-29. https://doi.org/10.1007/s40823-017-0021-5
8

