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This study deals with the influence of habitat enrich-
ment through landscape heterogeneity on avian diver-
sity in suburban habitat (human habitat) versus pine 
forest and open exposed shrub land (non-human habi-
tat) at the G.B. Pant Institute of Himalayan Environ-
ment and Development (GBPIHED) campus (1100–
1250 m asl), Kosi-Katarmal, Almora, Uttarakhand, 
India. Bird diversity on fruiting plants was also stud-
ied to know the occurrence and richness of fruit plants 
on overall bird diversity. The study area, which con-
sisted of the then degraded gentle slopes, has trans-
formed into thick vegetation cover due to plantation of 
a large number of fruit and ornamental plants. Line 
transect and stationary point count methods were fol-
lowed during the entire study. Out of a total of 61 bird 
species observed, 28 are new reports from the study 
site. The human habitat has a higher avian species 
richness (S = 50) in comparison to non-human habitat 
(S = 44). A significantly higher density of Jungle 
Myna, Common Myna and Red-billed Blue Magpie in 
suburban habitat, and restricted distribution of House 
Sparrow and Blue Rock Pigeon in the same habitat 
may be due to availability of high feeding and nesting 
opportunities. Increase in the number of human-
associated species in suburban habitat indicates pro-
gressive urbanization of the area. However, lack of 
significant difference in Shannon diversity index  
between the two habitats indicates that homogeniza-
tion due to urbanization is still at a low level.  
 
Keywords: Avian diversity, frugivory, habitat enrich-
ment, homogenization, urbanization. 
 
HUMAN actions have raised the rate of bird extinctions by 
several orders of magnitude, and rates are predicted to 
rapidly increase1,2. Declining bird populations in the trop-
ics have great implications for ecosystem processes,  
especially given that extinction threat is not uniformly 
distributed among avian functional groups, and some key 
groups such as scavengers, frugivores and insectivores 
are more threatened than the global average1. Disruptions 
of ecological processes through species loss in degraded 

forests may also lead to cascading and catastrophic  
co-extinctions3.  
 Understanding of the effects of urbanization in regions 
of high avian diversity such as the tropics is still rudi-
mentary4, but measures for urban conservation will be 
crucial in the coming decades as urban sprawl is set to 
replace native and rural habitats5. One of the most strik-
ing man-made environmental changes is the ongoing  
expansion of urban areas6. It is now well known that  
introduction of roads, buildings, pastures, cropland, clear-
cuts, etc. into wilderness may increase species richness 
and diversity by increasing habitat heterogeneity in a 
landscape7,8. In fact, introduction of new elements (e.g. 
buildings, lawns) to existing habitats can also increase or 
maintain species richness9,10. Some authors studied avian 
species richness and numbers in the built environment11, 
whereas others focused on impact of land use and habitat 
gradients on bird community diversity and abundance in 
suburban, rural and reserve landscapes12. Pizo13 found 
that local bird species richness determined the frugivore 
assemblages of fruiting trees, with a higher number of 
more reliable and efficient bird species visiting trees and 
dispersing seeds. However, there is little information on 
frugivory and seed dispersal from India14,15. On the basis 
of this, a representative West Himalayan site in Uttara-
khand, i.e. the G.B. Pant Institute of Himalayan Environ-
ment and Development (GBPIHED) campus at Kosi-
Katarmal, Almora has been selected as the study area.  
 The present article aims to focus on (i) the influence of 
environmental enrichment through landscape hetero-
geneity, on avian diversity and distribution in a suburban 
habitat versus forest–open areas and (ii) to examine avian 
frugivore diversity and their nesting patterns during the 
summer fruiting season.  

Study site  

The GBPIHED campus (29°38′N and 79°36′E) and the 
arboretum (Figure 1) are situated at an altitude ranging 
from 1100 to 1250 m asl (ref. 16). The region has a sub-
tropical climate which is exceptionally seasonal with a cold 
winter (November–February), hot summer (April–June)
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Figure 1. Map of study site at the GBPIHED campus, Kosi-Katarmal, Almora. 
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and warm rainy season (July–September). December is 
the coldest month of the year (mean temperature is 9°C). 
Warm conditions (24–30°C) and high relative humidity 
(70–90%) prevail during the rainy season.  
 The entire study area which used to consist of degraded 
gentle slopes more than a decade ago has developed thick 
vegetation cover due to the plantation of a large number 
of fruit and ornamental plants. For the purpose of this  
study, the area was classified into three categories, viz. (i) 
suburban area (site-I), (ii) pine forest (site-II) and (iii) 
open exposed shrub land (site-III). The GBPIHED cam-
pus constitutes human habitation (suburban area) which is 
sparsely populated (<300 population) and the space  
between employees’ quarters in human habitation (subur-
ban area) comprises lawns, gardens, etc. and thick vege-
tation cover has developed through extensive plantations. 
This includes: Bains (Salix babylonica) and Altis (Alnus 
nepalensis) along the channels, Mulberry (Morus alba 
and Morus laevigata) along gentle slopes and Banj Oak 
(Quercus leucotrichophora) on open fields and slopes. 
Among roadside plantation Kweral (Bahunia spp.); Bottle 
Brush (Callistemon citrinus), Sadabahar (Legustrum nep-
alense) and Sambucus (Sambucus nigra) are important. 
Among others Bedu (Ficus palmata), Pear (Pyrus com-
munis) and Mehal (Pyrus pashia) are important. The arbo-
retum is a non-human habitat that includes pine forest and 
open exposed shrub land. Pine forest includes uniform 
distribution of Pinus roxburgii and open habitat includes 
exposed flat land and slopes covered by bushes and sec-
ondary grown vegetative covers dominated by Kilmora 
(Berberis asiatica), Paya (Prunus cerasoides), Ghingaru 
(Pyracantha crenulata) and Hisalu (Rubus ellipticus).  

Methodology  

Line transect method was carried out for studying avian 
diversity, whereas for frugivore–plant interaction station-
ary point count method was adopted. The study was con-
ducted during the second week of May to the second 
week of July 2007. 

Line transect method  

Transect line for avian survey passes through both human 
and non-human habitats. Total length of transect was 
3.5 km, which includes suburban area (1.8 km), pine  
forest area (0.8 km) and open exposed area (0.9 km).  
Total area was walked on 48 occasions (24 each in both 
habitats). These surveys were conducted between 0600 
and 1200 h in the morning with the help of a binocular 
(10 × 50 Olympus) on both sides of the transect line 
within a distance of maximum of 100 m (ref. 17). Vari-
ables measured at each transect were: (i) predominant 
habitat type, (ii) bird species and (iii) number of indi-
viduals of bird species (excluding over flying individuals, 

vocal calls and birds away from both sides of the transect 
line (>100 m)).  

Stationary point count method  

This method was adopted for estimating avian diversity at 
fruiting trees. Stationary point counts have special value 
in studies of bird–habitat associations, when habitat vari-
ables are measured at the counting points18. For this,  
direct visual observations were carried out at 0600–
0800 h, 1000–1200 h and 1600–1800 h.  
 During the two hours of observation, each stationary 
point count lasted for 15 min. However, for statistical 
analysis the entire 2 h period, i.e. eight 5 min samples 
was considered as a single sample. Counts were not con-
ducted on days when wind or rain interfered with obser-
vations. In site-I stationary point count was carried out on 
Mulberry (M. alba), Bedu and Pear, whereas in site-III it 
was carried out on Kilmora, Ghingaru and Hisalu.  
Finally, 15 samples (n = 15) of 2 h each on Morus and  
Ficus in site-I and Berberis, Pyracantha and Rubus in 
site-III were taken for statistical analysis.  
 Species richness (S) was taken as the total number of 
species seen during the study in the line transect method 
and the total number of bird species attracted to a particu-
lar habitat in the stationary point count method.  
 Shannon–Weiner diversity index (H) was used to  
compare diversity between human habitat (site-I) and  
non-human habitat (site-II and site-III), and frugivore  
diversity between fruiting tree species of the two habitats. 
ANOVA was used to see if there is any significant varia-
tion in abundance among bird species visiting a particular 
species of fruit plant and variation among fruiting tree 
species in their attraction for the most common bird spe-
cies. Shannon–Weiner diversity index is represented as:  

 ln
S

H pi pi= −∑  

where S is the total number of species in the community 
(richness), pi the proportion of S made up of the ith spe-
cies. Bird names follow Grimmett et al.19 for identifica-
tion. Statistical analysis was after Zar20.  

Results  

Diversity and distribution  

Broadly two fruiting seasons can be recognized in the 
study site, the major one in summer and the minor one in 
winter. A large number of birds are attracted to these 
habitats during fruiting seasons. Earlier avifaunal surveys 
reported 67 species of birds21 in 2004 and 10 more spe-
cies during 2005 (ref. 22) from the study area. During the 
present survey, a total of 61 species of birds have been 
observed, which comes under 10 orders and 26 families 
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Table 1. Avifaunal diversity in the GBPIHED campus during summer (second week of May to second week of July), 2007 

Order  Family  Bird species  Status  Habitat  
 

Galliformes  Phasianidae  Kalij Pheasent (Lophura leucomelanos)  R  F, SU  
   Black Francolin (Francolinus francolinus)  R  O, F  
Piciformes  Picidae  Brown-fronted Woodpecker (Dendrocopos auriceps)*  R  F, SU  
 Capitonidae  Grey-headed Woodpecker (Picus canus)*  R  SU  
  Speckled Piculet (Picumnus innominatus)*  R  F, SU  
  Scaly bellied Woodpecker (Picus squamatus)  R  F  
  Great Barbet (Megalaima virens)  R  SU  
Coraciiformes  Upupidae  Common Hoopoe (Upopa epops)  R  SU  
 Alcidinidae  Pied Kingfisher (Ceryle rudis)*  R  SU  
  White-throated Kingfisher (Halcyon smyrnensis)*  R  SU, F  
  Common Kingfisher (Alcedo atthis)*  R  O  
Cuculiformes  Cuculidae  Asian Koel (Eudynamis scolopacea)*  R  SU  
  Common Hawk Cuckoo (Hierococyx various)*  R  SU, O  
Psittaciformis  Psittacidae  Rose-ringed Parakeet (Psittacula krameri)  R  SU, F, O  
  Plum-headed Parakeet (Psittacula cyanocephala)  R  SU, O  
  Slaty-headed parakeet (Psittacula himalayana)  R  O  
Strigiformes  Strigidae  Asian Barred Owlet (Glaucidium cuculoides)*  R  SU, F  
Columbiformes  Columbidae  Wedge-tailed Green Pigeon (Treron sphenura)*  R  SU  
  Rock Pigeon (Columia livia)  R  SU  
  Oriental Turtle Dove (Streptopelia orientalis)  R  SU, F, O  
Charadriiformes  Charadriidae  Red-wattled Lapwing (Vanellus indicus)  R  O  
  Shikra (Accipiter badius)  R  SU, O  
  Black Kite [Milvus (migrans) govinda]  R  SU  
  White-rumped Vulture (Gyps benghalensis)  R  SU, F  
  Egyptian Vulture (Neophoron perinopterus)*  R  SU, O  
  Red-headed vulture (Sarcogyps calvus)*  R  SU  
 Falconidae  Common Kestrel (Falco tinnunculus)*  R  SU, O  
Passeriformes  Corvidae  Rufous Tree pie (Dendrocitta vagabunda)  R  SU, F, O  
  Grey Tree pie (Dendrocitta formosae)*  R  SU, F, O  
  Red-billed Blue Magpie (Urrocissa erythrorhynca)  R  SU, F, O  
  Large-billed Crow (Corvus macrorhynchos)  R  SU, O  
 Oriolidae  Eurasian Golden Oriole (Oriolus oriolus)  R  SU  
 Campephagidae  Scarlet Minivet (Pericrocotus flammeus)*  R  SU, F  
 Muscicapidae  Asian Paradise-Flycatcher (Terpsiphone paradise)  R  SU, F  
  Verditer Flycatcher (Eumyias thalassina)  R  SU, O  
  Grey Bush Chat (Saxicola ferrae)*  R  SU, F, O  
  Common Stone Chat (Saxicola torquata)*  R  O  
  Pied Bush Chat (Saxicola caprata)  R  SU, F, O  
  Oriental Magpie Robin (Copsychus saularis)  R  SU  
  Blue Whistling Thrush (Myiophonus caeruleus)  R  SU, F, O  
  Grey-hooded Warbler (Seicercus xanthoschistos)*  R  SU, F, O  
  Striated Prinia (Prinia criniger)*  R  O  
  Grey-breasted Prinia (Prinia hodgsonii)*  R  SU  
  Streaked Laughing Thrush (Garrulax lineatus)*  R  SU, F, O  
  Black-chinned Babbler (Stachyris pyrrhops)*  R  SU, F, O  
  Common Babbler (Turdoides caudatus)  R  F  
  Jungle Babbler (Turdoides striatus)  R  SU, F, O  
 Dicruridae  Ashy Drongo (Dicrurus leucophaeus)*  M  SU, F, O  
 Sturnidae  Common Myna (Acridotheres tristis)  R  SU, O  
  Jungle Myna (Acridotheres fuscus)  R  SU, F, O  
 Certhidae  Bar Tailed Tree Creeper (Certhia himalayana)*  R  F  
 Hirundinidae  Red-rumped Swallow (Hirundo daurica)*  R  SU, O  
 Pycnonotidae  Himalayan Bulbul (Pycnonotus leucogenys)  R  SU, F, O  
  Red-vented Bulbul (Pycnonotus cafer)  R  SU, F, O  
 Zosteropidae  Oriental White-Eye (Zosterops palpebrossa)*  R  SU, F  
 Necteriniidae  Purple Sunbird (Nectarinia asiatica)  R  SU  
 Paridae  Great Tit (Parus major)  R  SU, F, O  
 Passeridae  House Sparrow (Passer domesticus)  R  SU  
  Russet Sparrow (Passer rutilans)  R  F, O  
  Scaly-breasted Munia (Lonchura punctulata)*  R  SU, O  
 Emberizidae  Crested Bunting (Melophus lathami)*  R  O  

*Indicates new species recorded during the study. 
SU, Suburban; F, Pine forest; O, Open shrub land; R, Resident, and M, Migratory. 
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and 34 of them are passerines (55.73%). During the study 
28 new records have been observed, which were distributed 
in over 7 orders and 16 families. All species recorded 
were resident, except Ashy Drongo (Dicrurus leucophaeus), 
which was a summer migrant to this region19 (Table 1).  
 The results show that human habitat has a higher avian 
species richness (S = 50) compared to non-human habitat 
(S = 44). The density of birds is also higher in human 
habitat (N = 27.52 ± 22.76) than non-human habitat 
(N = 16.31 ± 13.49), but this difference is not statistically 
significant (t-test, P > 0.05). The Shannon–Weiner diver-
sity index is higher in non-human habitat (H = 3.098) 
than human habitat (H = 2.823), but it does not vary sig-
nificantly (t-test, P > 0.05; Table 2).  
 Human habitat had a significantly higher density 
(P < 0.05, t-test) of Jungle Myna (Acridotheres fuscus; 
7.31 ± 5.13), Common Myna (Acridotheres tristis; 
2.12 ± 1.49) and Red-billed Blue Magpie (Urrocissa 
erythrorhynca; 1.25 ± 0.91) compared to non-human 
habitat (0.29 ± 0.57, 0.14 ± 0.35 and 1.25 ± 1.18 respec-
tively). Though bulbuls were widespread in the study 
area, the density of Himalayan Bulbul (Picnonotus leu-
cogenys; 1.64 ± 1.71) and Red-vented Bulbul (1.31 ± 
1.28) in human habitat did not show any significant dif-
ference from non-human habitat (3.21 ± 1.45, and 
0.63 ± 0.84 respectively; t-test, P > 0.05). Blue Rock  
Pigeon (Columba livia) and House Sparrow (Passer  
domesticus) were restricted in their occupation only in  
human habitat, the Russet Sparrow (Passer rutilans) 
showed a reverse trend of occupying only the non-human 
habitat (Table 3 and Figure 2).  

Frugivory  

Twenty-six species of birds were found to consume fruits 
of 15 plant species. All these birds are resident or local 
migrants19. Fruit plants of the human habitat, i.e. subur-
ban site (M. alba, F. palmata and P. communis) attracted 
22 bird species, whereas fruit plants of the open habitat 
(B. asiatica, P. crenulata, R. ellipticus) attracted 17 bird 
species (Table 4). Out of the 26 species of frugivore 
birds, passerines birds (order Passeriformes) had the 
maximum representation, i.e. 20 species (76.92%).  
 The most common frugivorous birds in the study site 
include Jungle Myna, Common Myna, Himalayan Bulbul, 
Red-vented Bulbul, Red-billed Blue Magpie, Grey Tree pie, 
Rufous Tree pie and White Eye (Figure 3). Among these, 
mynas are largely restricted to the suburban site (site-I) 
and the rest are generalist type occupying both habitats.  
 Morus attracted 10 species with maximum number of 
Jungle Myna followed by Common Myna, Himalayan 
Bulbul and Red-billed Blue Magpie. The abundance of 
Jungle Myna (72.33 ± 35.92) was significantly higher 
(P < 0.01, ANOVA) during sampling period (Table 4 and 
Figure 3). Ficus attracted 20 frugivore birds, with a signifi-

cantly larger number of Himalalyan Bulbuls (17 ± 19.12; 
P < 0.01, ANOVA), followed by Jungle Myna, Common 
Myna and Red-billed Blue Magpie (Table 4).  
 Species like Berberis, Pyracantha and Rubus of site-III 
with colourful fruits attracted maximum number of  
Himalalyan Bulbuls (P < 0.01, ANOVA), during the  
sampling period (Berberis: 11.33 ± 5.44; Pyracantha: 
11.73 ± 4.94 and Rubus: 12 ± 4.7) followed by Red-
vented Bulbul, White Eye Grey Tree pie, Red-billed Blue 
Magpie, Grey Hooded Warbler and Grey Bush Chat. 
Berberis, Pyracantha and Rubus attracted 17, 16 and 8 
species of birds respectively (Table 4).  
 
 
Table 2. Avian species richness, density and diversity index of the 
  habitats at GBPIHED 

 Bird  Species Shannon  
Habitat  density (N)  richness (S)  index (H)  
 

Human habitat (HH)   27.52 ± 22.76* 50  2.813  
Non-human habitat (NHH)  16.31 ± 13.49 44   3.098* 

*Not significant (P > 0.05), t-test. No. of transects in each habitat = 24. 
 
 
Table 3. Occupation of habitat by common bird species at GBPIHED 

 Bird density (N = Individuals/km)  
 

Species  HH  NHH  
 

Jungle Myna  7.31 ± 5.13*  0.29 ± 0.57  
Common Myna  2.12 ± 1.49*  0.14 ± 0.35  
Himalayan Bulbul  1.64 ± 1.71  3.21 ± 1.45**  
Red-vented Bulbul  1.31 ± 1.28**  0.63 ± 0.84  
Red-billed Blue Magpie  1.25 ± 0.91*  1.25 ± 1.18  
House Sparrow  2.74 ± 2.70  0  
Russet Sparrow  0  0.66 ± 1.05  
Rock Pigeon  1.97 ± 2.33  0  

*Significant (P < 0.05); **Not significant (P > 0.05), t-test. 
 

 
 
Figure 2. Occupation of bird species within individual habitats. HH, 
human habitat; NHH, non-human habitat. 
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Table 4. Abundance of frugivore birds in fruit plants during stationary point count in the summer fruiting season at GBPIHED (15 samples each  
  of 2 h duration)  

 Abundance of birds on fruit plants (mean ± SD)  
 

Bird species  M. alba  F. palmata  B. asiatica  P. crenulata  R. ellipticus  P. communis  
 

Common Myna  25.06 ± 10.94  5.0 ± 6.56  4.0 ± 3.20  2.53 ± 1.88  –  –  
Jungle Myna  72.33 ± 35.92*  8.2 ± 7.83  6.73 ± 4.33  2.6 ± 2.44  –  –  
Himalayan Bulbul  19.93 ± 11.67  17 ± 19.12*  11.33 ± 5.44*  11.73 ± 4.94*  12 ± 4.07*  –  
Red-vented Bulbul  –  6.6 ± 8.8  9.4 ± 5.90  6.66 ± 4.62  7.2 ± 3.05  –  
Red-billed Blue Magpie  2.87 ± 1.99  4.33 ± 2.63  1.73 ± 1.27  1.6 ± 1.40  1.53 ± 1.18  2 ± 1.63  
Grey Treepie  1.53 ± 1.64  2.2 ± 3.56  2.73 ± 3.33  1.66 ± 1.49  1.73 ± 1.53  3.4 ± 2.17  
Rufus Treepie  0.73 ± 0.96  0.53 ± 0.35  0.2 ± 0.41  0.13 ± 0.35  0.26 ± 0.45  0.9 ± 0.99  
Oriental White Eye  2.53 ± 1.72  3.93 ± 6.62  3.86 ± 4.50  4.53 ± 1.35  –  –  
Oriental Turtle Dove  0.86 ± 0.91  –  –  –  –  –  
Himalayan Blue Whistling Thrush  1.27 ± 0.88  1.13 ± 1.24  1.26 ± 1.16  1.13 ± 0.91  –  –  
Jungle Babbler  0.86 ± 1.18  –  1.86 ± 2.92  0.66 ± 1.63  –  –  
Streaked Laughing Thrush  –  0.8 ± 2.24  1.6 ± 1.88  2.13 ± 2.06  –  –  
Asian Koel  –  0.73 ± 1.43  –  –  –  –  
House Sparrow  –  0.26 ± 0.70  4.66 ± 7.54  5.06 ± 8.74  5.6 ± 8.35  –  
Great Tit  –  1.33 ± 2.79  –  –  –  –  
Golden Oriole  –  0.13 ± 0.15  –  –  –  –  
Common Hawk Cuckoo  –  0.33 ± 0.48  –  –  –  –  
Grey Hooded Warbler  –  4.6 ± 5.42  3.93 ± 4.66  4.0 ± 4.07  –  –  
Great Barbet  –  2 ± 2.24  –  –  –  –  
Wedge-tailed Green Pigeon  –  0.4 ± 1.12  –  –  –  –  
Jungle Crow  –  0.13 ± 0.35  –  –  –  –  
Slaty-headed Parakeet  –  0.13 ± 0.35  0.66 ± 0.25  –  –  –  
Striated Prinia  –  –  0.66 ± 0.25  0.66 ± 0.25  0.4 ± 0.63  –  
Grey Bush Chat  –  –  1.93 ± 1.86  2.73 ± 2.15  3.2 ± 1.47  –  
Crested Bunting  –  –  1.2 ± 1.61  1.2 ± 1.42  –  –  
Rose Ringed Parakeet  –  –  –  –  –  0.8 ± 0.91  

Significance (*P < 0.01). 
 

 
 

Figure 3. The common avian frugivores feeding on fruit plants. 
 
 An important aspect of the study is that the common 
frugivore birds attracted to different species of fruit plants 
between the two habitats, however, did not show any signifi-
cant difference in abundance (P > 0.01, ANOVA; Table 5).  
 Among the fruit-eating birds, the Himalayan Bulbul 
was found to be generalist type as a frugivore, as it con-
sumes fruits of 10 species covering both habitats. Its 

abundance was also significantly higher in four fruit plant 
species out of six in the present study (Table 5).  
 The Jungle Myna and Common Myna are not only re-
stricted to the suburban habitat; but are also abundant 
there because of feeding and nesting opportunities (provi-
sion of holes in terraced walls).  
 Ten new species of frugivore birds not reported earlier, 
i.e. Grey Tree pie, Wedge-tailed Green Pigeon, Asian 
Koel, Common Hawk Cuckoo, Grey Bush Chat, Crested 
Bunting, Streaked Laughing Thrush, Grey Hooded War-
bler, Oriental White Eye and Striated Prinia were ob-
served during the study period (Table 1).  
 Some rare birds which were not observed during the 
entire summer, however visited Ficus during its fruiting. 
They were Wedge-tailed Green Pigeon, Golden Oriole, 
Great Barbet and Slaty-headed Parakeet (Table 1). How-
ever, these rare birds had a limited role in frugivory as 
they visited Ficus once or twice.  
 Among the fruit plants Ficus had the highest frugivore 
species richness (S = 21), followed by Berberis (S = 17), 
Pyracantha (S = 16), Morus (S = 10) and Rubus (S = 8) 
(Figure 4). However, the diversity index (H) for fruit 
plants did not follow the same pattern as that of species 
richness. Whereas Berberis had a highest diversity index 
(H = 2.42), it was followed by Pyracantha (H = 2.382), 
Ficus (H = 2.288), Rubus (H = 1.638) and Morus 
(H = 1.286). A comparatively low diversity index in case 
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Table 5. Number of common frugivore birds (mean ± SD) attracted to fruit plants 

 Number of common frugivore birds (mean ± SD)  
 

Fruit  Common Jungle Himalayan  Red-billed  Grey Himalayan Blue  
plant Myna Myna Bulbul Blue Magpie Treepie Whistling Thrush  White Eye  
 

M. alba  25.06 ± 10.94  72.33 ± 35.92   19.93 ± 11.67 2.86 ± 1.99  1.53 ± 1.64  1.26 ± 0.88  2.53 ± 1.72  
F. palmata  5.06 ± 6.56  8.13 ± 7.83   17.00 ± 19.12 4.33 ± 2.63   2.2 ± 3.56  1.13 ± 1.24  5.13 ± 6.62  
B. asiatica  4.00 ± 3.20  6.73 ± 4.33  11.33 ± 5.44 1.73 ± 1.27  2.73 ± 3.33  1.26 ± 1.16  3.86 ± 4.50  
P. crenulata  2.53 ± 1.88  2.6 ± 2.44 11.73 ± 4.94  1.6 ± 1.27  1.66 ± 1.49  1.13 ± 0.91  4.53 ± 1.35  

NS (P > 0.01). 
 

Table 6. Qualitative analysis of pulp of fruits taken by frugivore birds during summer fruiting season (from published sources) 

Fruit plant Moisture (%)  Carbohydrate (%)  Fat (%)  Protein (%)  Total sugar (%)  Vitamin C (%)  Reference  
 

M. alba  84.10  87.55  0.21 ± 0.011   5.50  –  0.286 ± 0.0054  36  
F. palmata  17.65  52.46  4.71   4.06  – 0.083  37  
B. asiatica  41.04  26.70  7.19  10.56  –  7.30  38  
R. ellipticus  80.60  72.70  7.10 ± 1.55   4.00  8.50 ± 0.66  0.011 ± 0.0066  36  
P. pashia  25.26  42.68  6.50   5.00  –  3.00  38  
P. cerasoides  83.00  84.07  0.59 ± 0.015   3.50  6.96 ± 0.313  0.319 ± 0.001  36  
P. communis  86.90  11.50  0.10   0.20  –  –  39  

 

 
 

Figure 4. Species richness and diversity index (Shannon index) for 
fruit plants. 
 
 
of Ficus with maximum species richness (Figure 4), may 
be because some birds visited it once or twice.  

Qualitative analysis of fruit  

The common frugivore birds were observed to feed on 
both pulp and seed of the fleshy fruits. On analysis of 
pulp from the published sources (Table 6), it was found 
that the summer-ripening fruits have a higher percentage 
of carbohydrate and moisture content in comparison to fat 
and protein content, with fat being the lowest. Among the 
fruiting trees in site-I, P. communis was the least  
preferred with little percentage of protein and carbo-
hydrates in comparison to Morus, Ficus, Berberis and  
Rubus, which had higher percentage of moisture and  
carbohydrate.  

Nesting pattern  

Planting a large number of fruiting trees provided ample 
opportunity for food and some species of birds con-
structed their nests in the trees, holes of the terraced walls 
and roof of the buildings, electric poles and exhaust open-
ing of buildings, and reared their young ones. Out of a to-
tal of 23 nests recorded, 86.95% (n = 20) was found in 
human habitat. There were 69.56% (n = 16) nests with 
breeding success and 21.73% (n = 5) nests failed in 
breeding. Out of the successful nests, 87.5% (n = 14) was 
situated in the human habitat, while 12.5% (n = 2) was in 
the non-human habitat. Maximum number of successful 
nests in the human habitat, i.e. 92.8% (n = 13) was made 
on anthropological structures (Table 7).  

Discussion  

Cities are expanding worldwide, and it is expected that 
more than half the world’s total human population will be 
living in them by 2030 (ref. 23). Unlike other land uses, 
urbanization makes natural successional recovery diffi-
cult or impossible, with long-term effects on biodiversity. 
Urbanization increases biological homogenization, caus-
ing the extirpation of native species and promoting the 
establishment of non-native, urban-adaptable species that 
are becoming increasingly widespread and locally abundant 
across the planet24. There is a near-complete absence of 
forest species in tropical urban areas, and human commen-
sals such as Rock Pigeons (Columba livia) and House 
Crows (Corvus splendens) can attain high densities25,26.  
Some less sensitive native species, such as frugivores that 
can feed on fruit-bearing ornamental plants27 are able to per-
sist in city parks and low-density housing areas. The pres-
ence of remnant natural habitats may be the most important 
determinant of forest bird diversity in tropical cities25.  



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 100, NO. 11, 10 JUNE 2011 1688 

Table 7. Nests made by birds inside GBPIHED campus 

 No. of nests  
 

Bird  HH  NHH  Nesting tree/other structures  Success 
 

Common Myna  03  –  Two nests inside the holes of terraced walls and one on the outside roof of building  S  
Jungle Myna  03  –  Inside the holes of terraced walls  S  
Blue Rock Pigeon  02  –  Electrical appliances below the concrete roof  S  
House Sparrow  02  –  Electrical appliances below the concrete roof  S  
Himalayan Bulbul  01  –  Hibiscus sp.  F  
Red-rumped Swallow  03  –  Mud nests below the concrete roof  S  
Red-billed Blue Magpie  02  –   Leucinea (Leucinea leupocephala)  F  
     Toona (Toona serrata)  OG  
Himalayan Blue  01  01   HH – Over an electrical appliance  OG  
 Whistling Thrush    NHH – Placed on a ledge of a rock  S  
Streaked Laughing Thrush  01  –  Chid (Pinus roxburghii)  F  
Oriental Turtle Dove  01  –  Bains (Sialix babylonica)  F  
Brown Fronted Woodpecker  –  01  Chid (P. ruxburghii)  S  
Russet Sparrow  –  01  Chid (P. ruxburghii)  F  
Purple Sunbird  01  –  Secondary bush undergrowth  S  
Total nests      23  

S, Successful; F, Failed; OG, Ongoing. 
 
 In the present study area at GBPIHED, where a small 
suburban habitat has developed amidst the natural habitat 
(pine forest and open exposed shrub land), certain specific 
trends can be marked in avian diversity and distribution. 
The highest density of Jungle Myna, Common Myna and 
Red-billed Blue Magpie in suburban habitat, and restricted 
distribution of House Sparrow and Blue Rock Pigeon in 
the same habitat may be due to availability of high feeding 
and nesting opportunities. Further, the higher percentage 
of breeding success in human habitat is due to availability 
of anthropogenic structures as nesting platforms. This 
trend indicates progressive urbanization of the habitat.  
 Some studies have shown that the intermediate level of 
disturbance may create a variety of ecological structures, 
within and among habitats, which supports a greater 
number of species12. In the present study, similarity be-
tween the species composition of two habitats indicates 
minimum human interference on the avifaunal diversity 
because of low-density housing area with minimum hu-
man population (<300) in suburban areas and landscape 
heterogeneity introduced through plantation of a large 
number of fruit and ornamental trees. The entire study 
area has maintained nearly similar species composition 
despite being degraded land a decade ago. The increase in 
avian diversity over the years in the study area is due to 
habitat enrichment through heterogeneity, as heterogene-
ity in habitats is provided to a great extent by a variety of 
vegetation structures28. This further indicates that human 
interference certainly has an impact on species distribution.  
 Higher productivity and food introduced purposely or 
incidentally by humans, through habitat enhancements 
(e.g. plantings, buildings) increase opportunities for terri-
tory or nesting sites9,27. Blair7 has also reported that resi-
dential areas are likely to provide both structural diversity 
and greater diversity of feeding opportunities. The pre-
sent study also indicates similar trend, as the human habi-
tat had higher number of planted fruiting trees (e.g. 

Morus, Ficus, etc.) than the non-human habitat, which  
attracted a larger number of frugivore birds.  
 Frugivore animals play an essential role in the repro-
ductive cycle of their food plants, by acting as seed vec-
tors29. Avian frugivores generally feed simultaneously on 
fruits of several species, and fruiting plants act as focal 
points for frugivores foraging, leading to a predictable 
concentration of dispersed seeds beneath fleshy fruit-
producing species30,31. This effect may influence the distri-
bution of fruiting plants in the habitat (‘habitat shaping’)32.  
 Bird–fruit phenological matching may reflect adaptive 
tuning of the ripening season of individual plant species 
to the time of greatest disperser availability33,34. Twenty-
six species of birds consuming fruits of 15 plant species 
during the summer fruiting season at the study site indicates 
that fruit plants play a major role in increasing bird diver-
sity. Lack of significant difference in abundance of frugi-
vore birds between two habitats indicates that biological 
homogenization due to urbanization is still at a low level.  
 Species ripening in summer produces fruits character-
ized by water and carbohydrate-rich pulps, whereas lipid-
rich fruit pulps are predominantly found among autumn 
and winter-fruiting ones35. Energy-rich fruits are thus 
most abundant precisely at a time of the year when the 
energy demands of the dispersers are probably the high-
est, whereas those providing most water are more fre-
quent during the summer, when water availability to birds 
is at its yearly minimum. All summer-ripening fleshy 
fruits in the present study with higher moisture and car-
bohydrate percentage than fat and protein, meet the water 
and energy requirements of avian frugivores. 

Conclusion  

Abundant population of human-associated species like 
Myna, House Sparrow and Rock Pigeon shows trends of 
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progressive urbanization. Further, if the human distur-
bance increases in future, then there would be the danger 
of avian species homogenization. Thus, considering the 
conservational measures to maintain diverse species 
composition, human interference should not increase in 
the area over a period of time. It is also required to main-
tain natural elements in the urban environment26,27. 
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