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Habitat structure and human management may vary the importance of plantation-

associated habitats for birds as a source of food, cover, perches, and nesting substrates. 

The abundance, site-level composition, nesting distribution and breeding performance 

of House Sparrow (Passer domesticus) and Eurasian Tree Sparrow (Passer montanus) 

has been evaluated in six plantation associated sites of District Sargodha, Punjab, 

Pakistan. At each site, 10 100m×50m line transects were set up and surveyed twice per 

week throughout the breeding season (February-July 2026). A total of 3,303 Passer 

individuals were recorded, comprising 2,246 P. domesticus (68.0%) and 1,057 P. 

montanus (32.0%). Kot Momin Citrus Orchards recorded the highest total abundance 

(698) while the lowest (458) was recorded from the University of Sargodha campus. 
Species composition differed significantly among sites (χ² = 217.682, df = 5, p < 0.001). 

The abundance of Total Passer also varied by citrus-orchard, roadside/shelterbelt and 

urban/institutional habitat groups (F₂,₅₇ = 3.958, p = 0.02456); the adjusted pairwise 

difference was between urban/institutional and citrus-orchard habitats (Bonferroni-

adjusted p = 0.03728). Sixty-nine nests were recorded, including 46 P. domesticus and 

23 P. montanus. Nest initiation was concentrated from March to May (χ² = 26.391, p < 

0.001). Mean clutch size was 4.20 ± 0.78 eggs for P. domesticus and 4.09 ± 0.79 eggs 

for P. montanus. The estimated success of the nests was 55.9% overall, ranging from 

38.9% in Company Bagh to 82.0% on the Sargodha–Bhalwal Road, with apparent 

success at 56.5%. In total, House Crow predation caused 43.3% of all failed nests. 

Results show high level of plantation associated landscapes used by both Passer 

species, and significant spatial variation in abundance and reproductive success. The 
study does not demonstrate causal relationships between the habitat characteristics of 

the plantations and the results, as the study is observational. 

Introduction 

A growing number of species are associated with human-dominated landscapes and the survival of many species is dependent 
on interactions among vegetation, buildings, food sources, disturbance and landscape configuration. When land cover is 
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unevenly patterned, including farmland and urban green spaces, they can support a high proportion of avian diversity; however, 
when land cover is intensified and simplified, suitable resources and niches can become scarce (Li et al., 2020; Rurangwa et al., 
2022; Liao et al., 2024; Guerrero et al., 2024; Kasten et al., 2026). It is also not just the quantity of vegetation that affects the 
ecological value of agricultural landscapes, but also habitat configuration and habitat heterogeneity (e.g., of the various 
elements) (Brüggeshemke et al., 2022; Tassin de Montaigu & Goulson, 2023; Frank et al., 2024). 

House Sparrow (Passer domesticus) is a highly adaptable passerine, which is found in urban, suburban, rural and agricultural 
areas, and are human associated. The abundance can fluctuate depending on the vegetation, food availability, built structure, 
traffic and other characteristics of the local environment (Behera & Mishra, 2019; Bernat-Ponce et al., 2018; Choudhary et al., 
2019; Hanson et al., 2020; Patel et al., 2024; Torres-Alba et al., 2026). The species is able to use anthropogenic resources, but 
there is not necessarily a uniform provision of suitable conditions by urbanization. European studies have reported significant 
declines and spatial variation in abundance of the House Sparrow with changes in habitat structure, green space quality, food 
resources, and urban form (Peach et al., 2018; Mohring et al., 2021; Bernat-Ponce et al., 2020, 2022). 

The Eurasian Tree Sparrow (Passer montanus) also inhabits human modified and agricultural habitats, but direction of 
response to habitat structure and agricultural context may vary with respect to occurrence and reproductive performance. The 
number of agricultural habitats and their configuration have been linked to Tree Sparrow fledging success, and breeding 
research shows variation in clutch size, hatching, fledging, and reproductive success among populations and environments of 
birds (e.g., McHugh et al., 2018; Lee et al., 2020; Ciebiera et al., 2022). In recent years, further research has highlighted the 
importance of habitat heterogeneity for farmland bird assemblages and the need to consider species-specific habitat 
associations when formulating conservation initiatives (Havlíček et al., 2021; Rurangwa et al., 2022; Bosco et al., 2024). 

Nesting ecology can also be used as a complementary measure of habitat use since birds do not necessarily mean successful 

reproduction. House Sparrows are highly adaptable and have been seen nesting in natural vegetation as well as anthropogenic 
structures (Maxmellion & Rajendran, 2021; Pandian, 2023; Kukreti, 2024). Breeding opportunities can be affected by the 
availability of cavities and/or other nesting sites, but the role of nest-site limitation can vary depending on the different urban 
contexts (Angelier & Brischoux, 2019). Food supply, environmental stressors, pollution and predation also are able to influence 
reproductive outcomes (Peach et al., 2018; Peralta-Sánchez et al., 2020). 

In Pakistan there are large areas of humanized agricultural fields representing a diverse human environment where orchards, 
shelter belts, roadside trees, parks and institutional plantations are found integrated with cropland and built-up areas. Although 

there is considerable diversity and environmental response of passerines registered in studies conducted in Punjab and other 
parts of Pakistan, little published work has focused on the abundance and breeding ecology of both Passer species in plantation 
associated habitats within contrasting environments in District Sargodha, Pakistan (Bibi et al., 2019; Sial, 2026; Yasin et al., 
2025). Sargodha is significant due to the presence of citrus plantation, which makes a significant contribution to the agricultural 
landscape and roadside, shelterbelt, park and institutional plantations that offer further vegetated habitat. 

The present study, therefore, aimed to: (1) quantify abundance and species composition of P. domesticus and P. montanus in 
the six plantation associated sites in District Sargodha; (2) compare P. domesticus abundance among citrus-orchard, 

roadside/shelterbelt and urban/institutional habitat groups; (3) document nest distribution, nesting substrates, nest position 
and seasonal initiation of new nests; and (4) estimate clutch size, hatching success, fledging success and nest success, and 
record causes of nest failure. The study was observational, and so differences between sites and habitat categories are not 
considered experimental treatment effects of plantation type. 

Materials and Methods 

Study area and sampling sites 

The study was carried out in District Sargodha (32.0836°N, 72.6711°E) of Punjab, Pakistan. Six plantation-associated sites, 
representing citrus orchards, roadside/shelterbelt vegetation and urban/institutional plantation settings were surveyed. These 
were the University of Sargodha Campus (32.1260° N, 72.6850° E), Company Bagh (Jinnah Park), Sargodha (approx. 32.080° 

N, 72.670° E), Bhalwal Citrus Orchards (approx. 32.267° N, 72.898° E), Kot Momin Citrus Orchards (approx. 32.190° N, 73.030° 
E), Roadside Plantation along Sargodha–Bhalwal Road and Agricultural Shelterbelts near Sillanwali. 

The plantation sample comprised (neem, shisham, eucalyptus, amaltas, mulberry, kikar (Vachellia nilotica), Sukh Chain 
(Conocarpus erectus) etc.) and citrus plantation comprises of kinnow, sweet orange, grapefruit, lemon, guava etc. The size of 
each site was about 1 km². The study article specifies that Bhalwal and Kot Momin were commercial citrus landscapes with 
shelterbelt and agricultural-field components, the roadside site was a mature plantation of trees (linear plantation), and the 
Sillanwali site was agricultural shelterbelts associated with wheat field, fodder field and seasonal vegetable field. 
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Field sampling 

There were 60 transects in total: 10 line transects (100m long x 50m wide) at each of the 6 sites. The transects were surveyed 
twice a week from February to July, 2026, while the breeding season is the time of year when these surveys take place. 
Observations of passer birds in the transect sampling areas were noted and identified as either P. domesticus or P. montanus. 

The monitoring of active nests was carried out in orchards, public parks, institutional areas, roadside plantations and 
agricultural shelter belts. Sixty-nine nests were observed. The nesting characteristics were nesting plant/substrate, nest height 
above the ground, nest position (terminal, middle, fork, or other), and nest dimensions. A digital Vernier Caliper was used to 
measure the nest diameter (outer and inner), the cup height and the depth of the nest. Where possible, clutch size, nest failure, 
dates of first and last egg laying, hatching and fledging were recorded. 

One methodological point that needs to be confirmed prior to submission is the frequency of nest checking: active nests were 
checked every 2-3 days, and nests were checked daily after the onset of breeding activity was recorded in the supplied 
manuscript. This discrepancy should be clarified prior to the final journal submission with the help of the original field records. 
Rainfall during the data collection is also noted and will be stated in the supplied article, but the number of data collection rain 
events should not be highlighted in the manuscript. 

Breeding metrics 

Hatching and fledging success were determined using the formulas provided in the provided manuscript by Murray (2000): 
Fledging Success (%) = number of chicks fledged / number of chicks hatched × 100 and Breeding Success (%) = number of 
chicks fledged / number of eggs laid × 100. The estimated nest success and apparent nest success were reported separately. 

Statistical analysis 

Descriptive information was summarized in the form of percentages, means and standard deviations. A chi-square test of 
independence was used to compare species composition among sites. Differences in abundance among the three habitat groups 
were tested by one-way ANOVA with Bonferroni pairwise comparisons (with Welch correction). Nest heights were compared 
between species using Welch's independent-samples t-test, and the distribution of months in which nests were initiated was 
tested using chi-square goodness-of-fit test. The level of statistical significance was set at α = 0.05. 

Results 

Abundance and species composition 

Overall a total of 3,303 Passer individuals were recorded on the 60 transects. The total number of P. domesticus was 68.0% of 
the total individuals, while the total number of P. montanus was 32.0% of the total individuals. The mean abundance per 
transect was: 37.43 ± 14.21 individuals for P. domesticus, 17.62 ± 9.55 individuals for P. montanus and 55.05 ± 15.23 individuals 
for Passer. 

Site P. domesticus P. montanus Total % of total 

University of Sargodha Campus 392 66 458 13.87 

Company Bagh (Jinnah Park) 393 132 525 15.89 

Bhalwal Citrus Orchards 420 121 541 16.38 

Kot Momin Citrus Orchards 472 226 698 21.13 

Roadside Plantation (Sargodha–Bhalwal Rd) 283 268 551 16.68 

Agricultural Shelterbelts, Sillanwali 286 244 530 16.05 

The overall composition of species was found to be significantly different between the various sites (χ² = 217.682, df = 5, 

p<0.001). The highest total abundance (698) was recorded in Kot Momin Citrus Orchards and the lowest total abundance (458) 
was recorded in the University of Sargodha Campus.  

Abundance among habitat groups 

Habitat group n transects P. domesticus mean ± SD P. montanus mean ± 
SD 

Total mean ± 
SD 

Citrus Orchard Plantation 20 44.6 ± 12.7 17.35 ± 7.82 61.95 ± 15.64 

Roadside/Shelterbelt Plantation 20 28.45 ± 11.59 25.6 ± 7.78 54.05 ± 12.51 

Urban/Institutional Plantation 20 39.25 ± 13.75 9.9 ± 5.65 49.15 ± 15.20 
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Total Passer abundance significantly varied between habitat groups (F₂,₅₇ = 3.958, p = 0.02456). P. domesticus abundance also 
differed among habitat groups (F₂,₅₇ = 8.378, p < 0.001), as did P. montanus abundance (F₂,₅₇ = 24.086, p < 0.001). The only 
significant pairwise comparison for abundance of total Passer was between urban/institutional and citrus-orchard habitats (t 
= −2.625, raw p = 0.01243, adjusted p = 0.03728). 

Seasonal nesting activity and nest distribution 

69 nests were recorded including 46 P. domesticus nests and 23 P. montanus nests. The peak of nest initiation occurred in 
March, April, and May. Six nests (8.7%) were initiated in February, 20 (29.0%) in March, 16 (23.2%) in April, 18 (26.1%) in 
May, nine (13.0%) in June, and none in July. The difference in the distribution of the months is significant (χ² = 26.391, p < 
0.001). 

Site Nests 

Agricultural Shelterbelts, Sillanwali 10 

Bhalwal Citrus Orchards 14 

Company Bagh (Jinnah Park) 10 

Kot Momin Citrus Orchards 16 

Roadside Plantation (Sargodha–Bhalwal Rd) 11 

University of Sargodha Campus 8 

 

Nesting substrate N % 

Guava 10 14.5 

Sweet orange 9 13.0 

Neem 8 11.6 

Mulberry 7 10.1 

Kikar 7 10.1 

Shisham 5 7.2 

Grapefruit 4 5.8 

Lemon 4 5.8 

Building crevice/eave 3 4.3 

Ornamental shrub 3 4.3 

Kinnow (citrus) 3 4.3 

Eucalyptus 3 4.3 

Sukh Chain 2 2.9 

Shelterbelt eucalyptus 1 1.4 

The most common nest location was terminal (23; 33.3%), followed by middle (22; 31.9%) and fork (22; 31.9%) location with 

2 nests (2.9%) other cavity/crevice locations. 

Nest height, clutch size, and nest dimensions 

Mean nest height was 4.33 ± 1.26 m for P. domesticus (n = 46) and 4.78 ± 1.31 m for P. montanus (n = 23). This difference was 

not statistically significant (Welch's t = −1.366, p = 0.179). The clutch size varied between 3-6 eggs in both species, the average 
being 4.20 ± 0.78 eggs for P. domesticus and 4.09 ± 0.79 eggs for P. montanus. 

Nest measurement Mean (cm) SD (cm) 

Outer diameter 13.98 1.67 

Inner diameter 6.95 0.92 

Nest cup height 10.25 1.52 

Nest depth 5.98 1.03 

Breeding success 

The estimated egg stage daily survival rate was 0.9698, the hatching success was 69.3%, the nestling stage daily survival rate 
was 0.9859, the fledging success was 80.8%, estimated overall nest success was 55.9%, and the apparent nest success was 
56.5% across all 69 nests. The Roadside Plantation recorded the highest success of nests at the site level (82.0%) and Company 
Bagh the lowest (38.9%). The estimated nest success of P. domesticus was 50.9% and the apparent nest success of P. montanus 
was 65.2%, while the apparent nest success of P. domesticus was 52.2%. 
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Site n 
nests 

Egg DSR Hatching 
% 

Nestling 
DSR 

Fledging 
% 

Overall 
success % 

Apparent 
% 

University of Sargodha Campus 8 0.9608 61.9 1 100 61.9 62.5 

Company Bagh (Jinnah Park) 10 0.9692 68.7 0.9627 56.6 38.9 40.0 

Bhalwal Citrus Orchards 14 0.9636 64.1 0.982 76.1 48.8 50.0 

Kot Momin Citrus Orchards 16 0.9696 69.0 0.9779 71.5 49.3 50.0 

Roadside Plantation (Sargodha–

Bhalwal Rd) 

11 0.9922 91.0 0.9931 90.1 82.0 81.8 

Agricultural Shelterbelts, Sillanwali 10 0.957 59.0 1 100 59.0 60.0 

Nest failure 

Thirty of the 69 monitored nests failed (43.5%). The most common failure category was House Crow predation (13 failed nests, 
43.3% of failures). Six failures (20.0%) were due to unknown/weather-related causes, six (20.0%) due to feral cats, three 
(10.0%) due to rodents and two (6.7%) due to snakes. 

Cause of failure Failed nests % of failures 

House Crow 13 43.3 

Unknown/weather 6 20.0 

Feral cat 6 20.0 

Rodent (rat) 3 10.0 

Snake 2 6.7 

Discussion 

The higher proportion of P. domesticus (68.0%) from the sampled landscape is similar to what has been previously reported 
for the species' ability to invade human-associated habitats. House Sparrows are able to be found in urban, suburban and rural 
areas, though their abundance depends on local vegetation, food resources, built structure and disturbance (Behera & Mishra, 
2019; Bernat-Ponce et al., 2018; Choudhary et al., 2019; Hanson et al., 2020; MacGregor-Fors et al., 2019; Vicente et al., 2024; 
Patel et al., 2024). This finding thus suggests a wide distribution of P. domesticus in plantation habitat in Sargodha and not 
exclusive to any particular habitat. 

The overall abundances of total Passer species were significantly higher in citrus-orchard group (61.95 ± 15.64 individuals per 
transect) and significantly lower in urban/institutional plantations (49.15 ± 15.20 individuals per transect). The Bonferroni 
adjusted analysis, however, indicated only that the comparison of urban/institutional and citrus-orchard was significant. This 
separation is important as an overall ANOVA does not show that all habitat pairs are different. The observed pattern is 
consistent with the overall literature indicating that the structure of the vegetation, the characteristics of green space, the 
degree of agricultural heterogeneity, and the intensity of land use by humans can affect the abundance and composition of birds 
(Li et al. 2020; Brüggeshemke et al. 2022; Rurangwa et al. 2022; Frank et al. 2024; Bosco et al. 2024; Guerrero et al. 2024; 
Kasten et al. 2026). 

It is noteworthy that the relatively high representation of P. montanus in the roadside and agricultural shelterbelt habitats. The 
number of P. montanus and P. domesticus individuals in the roadside plantation were 268 and 283 respectively and in the 
shelterbelts in Sillanwali, they were 244 and 286 respectively. This pattern mirrors evidence of the ability of Tree Sparrows to 
utilize agriculture and semi-natural habitat mosaics and that reproductive or population measures could relate to the quantity 
and quality of agriculture (McHugh et al., 2018; Ciebiera et al., 2022). However, the habitat preference was not directly tested 
here and the observed distribution can be interpreted as “differential representation” between sampled habitats, not as 
“preference.” 

69 nests were found in the six study sites, and both species nested on a variety of anthropogenic and vegetative substrates. The 
most common nesting substrates were guava, sweet orange, neem, mulberry and kikar. Flexible nesting of House Sparrow in 
various plant species and building crevices is similar to previous reports of it nesting in rural and urban areas (Maxmellion & 
Rajendran, 2021; Pandian, 2023; Kukreti, 2024). Experimental studies on nest-site availabilities in urban areas also revealed 
that the importance of cavities varies with the urban context and that nesting resources need to be understood within the wider 
habitat context, rather than as a general limitation (Angelier & Brischoux, 2019). 

Nest initiation was highly skewed towards March-May and 78.3% of all nests were started during these three months. The 
general seasonality of the Passer breeding is in broad agreement with other areas, but differs somewhat geographically. For 
instance, the breeding season of Tree Sparrows in Korea was mostly between mid-April and mid-August while a population in 
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western Poland began laying in early to mid-April (Lee et al., 2020; Ciebiera et al., 2022). Variations between regions may be 
due to climate, photoperiod, food availability, and local habitat conditions. The mechanisms described above have not been 
specifically proven or quantified in the present study and should not be interpreted as a result of the study. 

The clutch size of both species was similar with a mean of 4.20 ± 0.78 eggs in P. domesticus and 4.09 ± 0.79 eggs in P. montanus. 
Similar clutch sizes have been found in other populations of Passer species, but there are some variation among sites and years 

(Bibi et al., 2019; Lee et al., 2020; Ciebiera et al., 2022). The similarity in Sargodha indicates overall similar clutch-size patterns 
in the sampled nests; however, no formal statistical analysis of clutch size between species was reported, and so no clause of 
similarity can be claimed. 

The overall nest success was estimated at 55.9 % and apparent nest success at 56.5 %. The difference between the two measures 
is not large but it is important because the former is a simple outcome measure while the latter also includes nest-survival 
information. There was significant variation from site to site: Roadside Plantation was the most successful (82.0%) and 
Company Bagh the least (38.9%). This spatial heterogeneity is supported by research which has demonstrated that reproductive 

success can be influenced by habitat composition and conditions on agriculture lands, and local habitat context (McHugh et al., 
2018; Lee et al., 2020; Ciebiera et al., 2022). 

Although P. montanus was observed to have higher estimated nest success (66.0%) than P. domesticus (50.9%), there is a need 
for caution in comparing the two because 23 nests were monitored in P. montanus and 46 nests were monitored in P. 
domesticus, and no inferential test was reported to compare species-level nest success. Parental condition, environmental 
condition, nest-site condition and other factors can cause variation in reproductive performance (Studies of House Sparrow 
reproduction also suggest that individual and environmental characteristics can affect reproductive outcomes, Peralta-Sánchez 
et al., 2020). 

Nest failure caused by House Crow predation was the most common (43.3%) cause of nest failures. Predation is an important 
potential cause of nest loss in passerines, yet the influence of predators may be strong or weak and may be positive or negative 
depending on habitat and landscape context. Some habitat factors may be influenced by the presence of predators and 
disturbances, but there was no attempt to quantify predator abundance in the present study and predator access was not 
manipulated. The present study noted House Crow predation, but did not quantify the abundance of House Crow or manipulate 
predator access, so the data do not allow assessment of the causal importance of House Crow predation to population limitation. 

The ecological interpretation of plantation habitats should be kept also on guard. Because the present study was observational, 
differences among orchards, roadside/shelterbelt habitats and urban/institutional sites may have been due to multiple 
correlated factors, such as the land-use context, food availability, nest-site availability, vegetation structure, management 
intensity and disturbance. Recent landscape studies indicate that there are more effects on farmland birds from a mix of habitat 
types within a landscape than from a single vegetation component (Li et al., 2020; Rurangwa et al., 2022; Frank et al., 2024; 
Kasten et al., 2026). Thus, the most defensible conclusion is that plantation related habitats in the sampled Sargodha landscape 
were favorable for abundance and breeding activity of passer and the habitat suitability was variable across space. 

Lastly, the manuscript should not contain the above mentioned relationships (canopy-cover, tree-density, tree-species-richness 
or insect-abundance) as empirical ecological results, since these variables were mentioned in the article provided as 
proxy/simulated and not as independent field observations. By eliminating those claims the manuscript becomes more 
defensible and an observation study is not interpreted as a vegetation experiment. 

Conclusion 

The use of plantation-associated habitats by P. domesticus and P. montanus was also reported in District Sargodha in significant 
amounts. The dominant species was P. domesticus (68.0% of the total 3,303 individuals). The mean total abundance varied 
among the habitat groups, with the highest in citrus-orchard plantations. The two species nested over a spectrum of various 
vegetation and anthropogenic substrates, and nesting initiation occurred mainly between March and May. Overall estimated 
nest success was 55.9% with significant site-level variation and maximum nest success was on the plantation on the roadside 

of Sargodha–Bhalwal. The most common cause of nest failure was predation by House Crow. The results from this work indicate 
that the conservation value of preserving plantation associated habitat diversity is supported and observational design renders 
the findings unsuitable for inferring that any specific plantation type resulted in any increase in abundance or breeding success. 

Management Implications and Recommendations 

1. Cultivate a plantation structure of diverse age groups (mature trees, shrubs and vegetation layers that may offer 
nesting and shelter resources). 
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2. Maintain appropriate natural nesting materials and trees that are suitable for safety and management. 

3. Minimize unnecessary vegetation removal and disturbance during the main nesting season (March-May). 

4. Use standardized nest survival protocols to monitor nest losses, particularly by House Crow. 

5. Future research should focus on the direct measurements of canopy cover, tree species richness, arthropod 
abundance, food availability, traffic, noise, footfall, pest control and management intensity, not proxies. 

6. Conduct multi-year sampling to assess if the abundance and breeding success are maintained through the breeding 
seasons in 2026. 

7. Try to establish a uniform interval for checking nests and provide details of days that nests are exposed, to allow daily 
nest-survival estimates to be replicated and compared between studies. 
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