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Summary 

This report summarizes a 2016 internship studying the effects of hedgerow age, structure, 

and plant species composition on the abundance and diversity of landbirds using 

hedgerows planted by the Delta Farmland and Wildlife Trust (DF&WT) in Delta, BC. The 

study began as a pilot in 2015 to assess the abundance and diversity of songbird species 

within planted hedgerows of various ages enrolled in the DF&WT Hedgerow Stewardship 

Program(Kujawiak 2015). With the success of the 2015 study, the internship was offered in 

2016, and includes an additional focus on the relationships between landbirds and 

characteristics of hedgerow vegetation. 

Some additions and changes were made to the 2016 study. In 2015 eight hedgerows were 

surveyed, whereas nine were surveyed in 2016. Six of these hedgerows were the same 

between years. Other additions and changes made to the 2016 study included: three 

additional control transects for landbird surveys; the additional focus on hedgerow 

vegetation; as well as changes in the timing and frequency of landbird surveys.  

Surveys for landbirds were conducted as transects along the length of each hedgerow. Each 

hedgerow transect was delineated into 50 m sections along its length, and all landbirds 

were recorded within these sections. One vegetation survey was conducted for every 50 m 

hedgerow section, and focused on assessing structural and compositional characteristics of 

the hedgerows.  

Data summaries focuson assessing the abundance and diversity of landbirds using each 

transect surveyed in the 2016 study. Values of bird abundance, species richness and 

Simpson’s diversity for each hedgerow are compared, and important landscape features 

are also discussed. Results show that on average, older hedgerows with increased habitat 

connectivity had higher abundance and diversity of landbirds. 

Data analysis assesses the relationships between vegetation characteristics of hedgerows 

and landbird diversity and abundance. Specifically, hedgerow age, hedgerow volume, and 

Simpson’s diversity of the B1-layer of vegetation (2-10 m) are investigated to determine if 

any had a relationship with landbird diversity. Results show that both hedgerow volume 

and vegetation diversity had the strongest relationships to landbird diversity. The results 

of this study are consistent with many past studies. 

Finally, recommendations are made to DF&WT to continue this study for a minimum of two 

years to detect potential changes in landbird abundance and diversity. It is also 

recommended that DF&WT continue to plant a diversity of native trees and shrubs in their 

hedgerows, while also giving careful consideration to landscape contextwhen determining 

the location of new hedgerows.  



iv 
 

Contents 

Acknowledgements......................................................................................................................................................ii 

Summary ......................................................................................................................................................................... iii 

Contents........................................................................................................................................................................... iv 

List of Figures ............................................................................................................................................................... vi 

List of Tables ............................................................................................................................................................... viii 

1.0      Background.........................................................................................................................................................1 

1.1 Delta Farmland and Wildlife Trust Hedgerow Stewardship Program .............................1 

1.2 Study’s Purpose ...........................................................................................................................................2 

1.3 Brief Overview of Changes to the 2015 Pilot Study ...................................................................2 

2.0 Study Area ..........................................................................................................................................................3 

2.1 Reference 1 ....................................................................................................................................................3 

2.2 Reference 2 ....................................................................................................................................................4 

2.3 DFWT1 .............................................................................................................................................................5 

2.4 DFWT2 .............................................................................................................................................................6 

2.5 DFWT3 .............................................................................................................................................................7 

2.6 DFWT4 .............................................................................................................................................................8 

2.7 DFWT5 .............................................................................................................................................................9 

2.8 DFWT6 .......................................................................................................................................................... 10 

2.9 DFWT7 .......................................................................................................................................................... 11 

3.0 Methods ............................................................................................................................................................ 13 

3.1 Songbird Surveys along Hedgerows ............................................................................................... 13 

3.2 Vegetation Surveys in Hedgerows................................................................................................... 15 

3.3 Data Summaries ....................................................................................................................................... 16 

4.0 Results and Discussion .............................................................................................................................. 17 

4.1 Bird Abundance ........................................................................................................................................ 20 

4.2 Bird Species Richness ............................................................................................................................ 21 

4.3 Simpson’s Diversity of Birds .............................................................................................................. 22 

4.4 Hedgerow Age and Hedgerow Volume ......................................................................................... 24 

4.5 Simpson’s Diversity of Birds and Vegetation ............................................................................. 26 



v 
 

5.0 Conclusion and Recommendations ..................................................................................................... 27 

6.0 References ....................................................................................................................................................... 28 

7.0 Appendices ...................................................................................................................................................... 30 

A Field Note Sample – Landbird Survey ................................................................................................ 30 

A Field Note Sample – Vegetation Survey ............................................................................................ 31 

B Bird Behaviour and Breeding Codes ................................................................................................... 32 

C List of all bird species................................................................................................................................. 33 

D Species planted vs. 2016 census of species in hedgerow ......................................................... 34 

 

 

  



vi 
 

List of Figures 

Figure 1: Location along the Reference 1 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC.

.......................................................................................................................................................................................4 

Figure 2: Location along the Reference 2 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC.

.......................................................................................................................................................................................5 

Figure 3: Location along the DFWT1 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

The paired control transect used for landbird surveys is shown in yellow. ...........................6 

Figure 4: Location along the DFWT2 hedgerow of the transect used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

Riparian area created through the Field Margin Ditch Program is marked with a star. ...7 

Figure 5: Location along the DFWT3 hedgerow of the transect used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC.

.......................................................................................................................................................................................8 

Figure 6: Location along the DFWT4 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

The paired control transect used for landbird surveys is shown in yellow. ...........................9 

Figure 7: Location along the DFWT5 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

The paired control transect used for landbird surveys is shown in yellow. ........................ 10 

Figure 8: Location along the DFWT6 hedgerow of the transects used for landbird and 

vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC.

.................................................................................................................................................................................... 11 

Figure 9: Local context of DFWT7 hedgerow and linear transect for songbird surveys 

conducted in May through July of 2016 in Delta, BC. ...................................................................... 12 

Figure 10: Schematic of transect survey for landbirds along hedgerows in Delta, BC during 

May through July of 2016. Total transect width was about 50 m, with the survey route 

located 5 m from the edge of the hedgerow. Birds were recorded separately within 50-

m sections (image obtained from Kujawiak 2015). ......................................................................... 13 

Figure 11: Visual aid for estimating aerial percent cover of oil spills, which was adopted to 

estimate percent cover during vegetation surveys along hedgerows in Delta, BC in May 

through July of 2016 (Environment Canada 1994).......................................................................... 16 



vii 
 

Figure 12: Mean (with 95% CI) bird abundance for all hedgerows surveyed during May 

through July of 2016 in Delta, BC. 'All Species' are the species observed within the 

approximately 50-m wide transect area, while 'Hedgerow Associated Species' are those 

observed in direct association with the hedgerow. Paired-control transects were 

surveyed for three sites, and indicate bird abundance in non-hedgerow habitats. ......... 20 

Figure 13: Mean (with 95% CI) bird species richness for all hedgerows surveyed during 

May through July of 2016 in Delta, BC. 'All Species' are the species observed within the 

approximately 50-m wide transect area, while 'Hedgerow Associated Species' are those 

observed in direct association with the hedgerow. Paired-control transects were 

surveyed for three sites, and indicate bird species richness in non-hedgerow habitats.

.................................................................................................................................................................................... 21 

Figure 14:  Mean (with 95% CI) Simpson’s diversity for all hedgerows surveyed May 

through July of 2016 in Delta, BC. 'All Species' are the species observed within the 

approximately 50-m wide transect area, while 'Hedgerow Associated Species' are those 

observed in direct association with the hedgerow. Paired-control transects were 

surveyed for three sites, and indicate Simpson’s diversity in non-hedgerow habitats. . 23 

Figure 15: Relationship of mean Simpson’s bird diversity with hedgerow age for the nine 

hedgerows surveyed in May through July of 2016 in Delta, BC. ................................................ 25 

Figure 16:  Relationship of mean Simpson’s bird diversity with hedgerow volume for the 

nine hedgerows surveyed in May through July of 2016 in Delta, BC. Values for the 

Reference 2 hedgerow are not included in the figure, and values for the DFWT3 

hedgerow are shown (circle) but were excluded from the regression analysis (see 

Results and Discussion for explanations). ............................................................................................ 25 

Figure 17:  Relationship of mean Simpson’s bird diversity with mean Simpson’s vegetation 

diversity for the B1 layer (2-10 m) for the nine hedgerows surveyed in May through 

July of 2016 in Delta, BC. ............................................................................................................................... 26 

Figure 18: Sample of field notes recorded during landbird survey transects along 

hedgerows from May through July of 2016 in Delta, BC. ............................................................... 30 

Figure 19: Sample of field notes recorded during vegetation surveys on hedgerows from 

June and July of 2016 in Delta, BC............................................................................................................. 31 

  



viii 
 

List of Tables 

Table 1: Characteristics of nine hedgerows surveyed for vegetation and landbirds in Delta, 

BC during May through July of 2016. See Methods section for methods used to measure 

hedgerow width, B-layer height, and tree height. Means are presented with SD in 

parentheses. ...........................................................................................................................................................3 

Table 2: Lists of all species observed in each hedgerow transect during surveys conducted 

in May through July of 2016 in Delta, BC. .............................................................................................. 18 

Table 3: Lists of all species observed during surveys conducted in May through July of 2016 

in Delta, BC. .......................................................................................................................................................... 33 

Table 4: Species present at time of planting compared to species observed in each DF&WT 

hedgerow surveyed in 2016. Species highlighted in red were recorded to have been 

planted but were not present in 2016. Species highlighted in green were observed in 

2016 but not recorded as originally planted in the hedgerow. Health categories: H = 

healthy, M = moderate, S = stressed. ....................................................................................................... 34 



1 
 

1.0 Background 

In 2015 an internship position was created in partnership between DF&WT, City of Surrey, 

and British Columbia Institute of Technology’s (BCIT) Rivers Institute (RI) to study the 

diversity and abundance of landbirds along planted hedgerows in Delta, BC, and Natural 

Areas in Surrey, BC. With the success of the 2015 pilot study, this internship was again 

offered in 2016, and included an additional focus on relationships between landbirds and 

characteristics of hedgerow vegetation. This report focuses on results of surveys conducted 

during the May through July of 2016 for DF&WT in Delta, BC.  

 

1.1 Delta Farmland and Wildlife Trust Hedgerow Stewardship Program 

DF&WT is a non-profit organization formed in 1993 through a unique partnership of 

farmers and conservationists. DF&WT has developed a range of stewardship programs to 

enhance wildlife habitat while preserving important agricultural land in Delta, BC (DF&WT 

2011; Christine Terpsma, DF&WT,pers. comm. 2016). Delta is one of the most agriculturally 

productive areas in Canada, and also provides critical habitat for many species of landbirds 

(Christine Terpsma pers. comm. 2016). 

Hedgerows are linear strips of vegetation typically located along the margins of agricultural 

fields. In Europe, hedgerows have been widely used in farming for centuries, and as such, 

have become an integral part of the agricultural landscape (Schering 1988, Watt and 

Buckley 1992).Hedgerows provide important ecological functions such as: preventing wind 

erosion, improving drainage, and providing wildlife habitat for numerous species. 

Hedgerows are particularly important for pollinators, birds, and small mammals because 

they provide food, shelter, and movement corridors.  

The practice of planting hedgerows in agricultural sites is relatively new in North America. 

In 1995, DF&WT implemented the Hedgerow and Grass Margin Stewardship Program, 

aimed at using native trees and shrubs to improve agricultural and conservation values in 

Delta, BC. Today, DF&WT hedgerows support breeding, migrating, and wintering birds 

(Kujawiak 2015). 
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1.2 Study’s Purpose 

The purpose of this study is to: 

1. Continue the 2015 study that entailed assessing the abundance and diversity of 

songbird species within planted hedgerows of various ages enrolled in the DF&WT 

Hedgerow Stewardship Program(Kujawiak 2015); and  

2. Assess whether plant species composition and structure are related to the 

abundance or diversity of landbirds using hedgerow habitats. 

Many European studies have examined the relationships between landbird diversity and 

vegetation diversity along hedgerows (e.g. Arnold 1983; Osborne 1984; Parish et. al 1994; 

Green et. al. 1994). These studies have shown that the most important hedgerow traits that 

enhance bird diversity include: hedgerow volume, plant species composition and diversity, 

as well as the presence and abundance of trees (Hinsley & Bellamy 2000). Few similar 

studies have been conducted among the more recently planted hedgerows in Delta, BC 

(Vala 2000; Thiel et. al. 2015). 

Finally, another purpose of this study is to provide work experience and training for an 

intern enrolled in BCIT’s Ecological Restoration Program. While doing this, the study 

subsequently acts as an exemplary model for research partnership between a non-profit 

organization, regional government, and academic institution.  

 

1.3 Brief Overview of Changes to the 2015 Pilot Study  

In 2015, eight hedgerows were surveyed, whereas nine were surveyed in 2016. Six of these 

hedgerows were the same between years. Three additional control transects for landbird 

surveys were added to non-hedgerow areas in the DFWT1, DFWT5, and DFWT4 sites. 

In order to accommodate afternoon sampling of hedgerow vegetation while continuing to 

sample landbirds during the period of their peak activity, landbird surveys were conducted 

only in mornings between 05:00 – 09:00 hrs in 2016 (vs. 05:00 – 13:00 hrs in 2015). This 

meant that each hedgerow was surveyed for birds only once per week in 2016, rather than 

twice per week in the 2015 study.  
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2.0 Study Area 

All surveys in 2016 were conducted in Delta, BC. Delta provides important nesting, 

breeding, and over-wintering habitat for birds along the Pacific Flyway (British Columbia 

Waterfowl Society 2015). Agricultural fields and hedgerows stewarded by DF&WT are 

used by numerous species of landbirds (Kujawiak 2015). 

A total of twelve transects were surveyed across seven hedgerows planted by DF&WT, and 

two reference hedgerows at the Alaksen National Wildlife Area (ANWA) in Delta, BC. Nine 

transects were conducted along hedgerows, whereas three were paired control transects. 

Control transects were located adjacent to hedgerows (while excluding hedgerow habitat) 

in the DFWT1, DFWT5, and DFWT4 sites. These paired controls were included to provide 

stronger inferences into the effects of hedgerows on landbird communities. All transects 

varied in length, width, height, age, and landscape context, aside from the paired transects, 

which were similar in length and landscape context (Table 1).  

Table 1: Characteristics of nine hedgerows surveyed for vegetation and landbirds in Delta, BC 
during May through July of 2016.See Methods section for methods used to measure hedgerow 
width, B-layer height, and tree height. Means are presented with SD in parentheses. 

Hedgerow 
Age 

(yrs) 
Length 

(m) 
Mean 

Width (m) 
Mean B-layer  

(2-10m) Height (m) 
Mean Tree 
Height (m) 

Reference 1 
(ANWA) 40 518 8.7 (2.6) 6.9 (1.1) 8.9 (4.1) 
Reference 2 
(ANWA) 40 964 25.8 (17.1) 8.1 (7.5) 18.0 (8.1) 
DFWT1 19 158 6.9 (1.1) 6.4(3.2) 11.5 (4.0) 
DFWT2 18 578 5.0 (1.1) 4.7 (1.9) 9.2 (6.4) 
DFWT3 17 606 6.5 (1.6) 5.6 (2.6) 6.2 (3.2) 
DFWT4 13 136 5.8 (1.5) 3.8 (0.9) 0.0 (0.0) 
DFWT5 12 230 5.0 (0.9) 2.4 (0.3) 6.6 (4.0) 
DFWT6 4 285 3.5 (1.1) 2.4 (0.3) 4.6 (1.7) 
DFWT7 1 224 1.8 (0.1) 1.8 (0.3) 0.0 (0.0) 

2.1 Reference 1 

The Reference 1 hedgerow is located within the Alaksen National Wildlife Area, which is 

managed by Canadian Wildlife Service (CWS) and is located on Westham Island in Delta, BC 

(Figure 2). This site included two parallel hedgerows that were both surveyed and 

considered as one hedgerow. One was surveyed first heading south to north, and the other 

was surveyed on the way back from north to south. 

The hedgerows were planted by CWS in 1976, and are some of the oldest planted 

hedgerows in Delta. Alaksen National Wildlife Area is adjacent to Reifel Migratory Bird 

Sanctuary, and collectively these two areas comprise roughly 630 ha of contiguous 

protected land. The high connectivity of this site to other protected land may contribute to 
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higher bird diversity and abundance on the Reference 1 hedgerow compared to the 

remaining hedgerows that are located in more fragmented landscapes. 

 

Figure 1: Location along the Reference 1 hedgerow of the transects used for landbird and 
vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

Additional landscape features that may affect bird communities in the Reference 1 

hedgerow included: 

 Low-traffic road with power lines running between the two hedgerows 

 Ephemeral ditch along the base of both hedgerows 

 Actively managed farm fields to the west and east 

 <50 m from a riparian area, <50 m from a farm building. 

2.2 Reference 2 

Reference 2 also occurs within Alaksen National Wildlife Area (Figure 3). This hedgerow 

differs from all others in this study because it is a naturally occurring ‘remnant hedgerow’, 

as opposed to a planted hedgerow. While some remnant hedgerows can be composed of 

entirely native species, others host a number of invasive plants, particularly if the hedge is 

near areas that have been disturbed. Reference 2 is dominated by native trees and shrubs, 

though there are invasive plants that make up a significant part of its understory. For 

landbirds, remnant hedgerows serve a functionally similar role to planted hedgerows, as 

both can provide food, shelter, and breeding habitat. 
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Figure 2: Location along the Reference 2 hedgerow of the transects used for landbird and 
vegetation surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

This site also included two parallel hedgerows that were both surveyed and considered as 
one hedgerow. One was surveyed first heading south to north, and the other was surveyed 
on the way back from north to south. The northeastern and southwestern sections of this 
hedgerow entail continuous forest extending beyond 50 m, which likely increases the 
diversity and abundance of birds recorded in those areas.  

Additional landscape features that may affect bird communities in the Reference 2 

hedgerow included: 

 Low-traffic, unpaved road (for farm vehicles) 

 Two ditches perpendicular to hedgerow  

 Actively managed farm fields to the south, west and east 

 <50 m from Fraser River, <50 m from a farm building. 

2.3 DFWT1 

The DFWT1 hedgerow is located on Westham Island and is surrounded by agricultural 

fields with varying crop types (Figure 4). This hedgerow is one of the oldest hedgerows 

planted and managed by DF&WT. It is a single, linear hedgerow bordering a tall grass 

agricultural field.  

The DFWT1 hedgerow is one of three hedgerows in the 2016 study with an additional 

‘paired-control’ transect for landbird surveys (Figure 4). The control transect was offset 



6 
 

50m from the hedgerow transect, ran an equal length, and occurred within the adjacent tall 

grass field. 

Figure 3: Location along the DFWT1 hedgerow of the transects used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. The paired control 
transect used for landbird surveys is shown in yellow. 

The DFWT1 hedgerow is located near several other remnant hedgerows: one at the eastern 

end of the same agricultural field, one to the south, and another running parallel across the 

road. 

Additional landscape features that may affect bird communities in the DFWT1 hedgerow 

included: 

 Light traffic road running parallel to hedgerow 

 Fence running along southern end of tall grass field 

 <50 m to ditch with riparian vegetation 

 <50 m to buildings. 

2.4 DFWT2 

The DFWT2 hedgerow is located on Crescent Island, east of Highway 99 (Figure 5). The site 

consists of one continuous hedgerow that wraps around the perimeter of the property. The 

DFWT2 hedgerow is unique among hedgerows considered in this study in that it was 

established alongside their Field Margin Ditch Program.  
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Beginning in 1997, DF&WT initiated the Field Margin Ditch Program in an effort to 

compensate for riparian ditch areas lost in the expansion of Vancouver International 

Airport (DF&WT 1997). The Campbell hedgerow was one of a few sites that received a 

small riparian area as well as a hedgerow and grass margin before the program ended 

(Mary Taitt, DF&WT,pers. comm. 2016). The combination of a hedgerow, grass-margin, and 

riparian area increases the diversity of niches and habitat quality for landbirds, while 

improving drainage for irrigation purposes.  

Figure 4: Location along the DFWT2 hedgerow of the transect used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. Riparian area created 
through the Field Margin Ditch Program is marked with a star. 

Additional landscape features possibly affecting bird communities in the DFWT2 hedgerow 

include: 

 Light-traffic road and power lines running parallel to west hedgerow section 

 Ditch running parallel to west and east hedgerow sections 

 Agricultural fields surrounding north, east, and south hedgerow sections 

 Buildings and horse stables <50 m. 

2.5 DFWT3 

The DFWT3 hedgerow is located in central Delta along the border of Highway 99 (Figure 

6). This location makes it unique within this study because it is the only one near a major 

highway. The close proximity to Highway 99 results in significant noise that likely reduces 

landbird diversity and abundance.  
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Additionally, the DFWT3 hedgerow has relatively less connectivity to other hedgerows, and 

is surrounded by an expanse of agricultural fields. This hedgerow is slated for future 

removal due to road construction along Highway 99. 

Figure 5: Location along the DFWT3 hedgerow of the transect used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

Additional landscape features that may affect bird communities in the DFWT3 hedgerow 
included: 

 Medium-traffic road and power lines to west of hedgerow 

 Adjacent to field with potato plants >0.5 m tall for most of season (June – July) 

 Short-grass and crop fields to the north, east, south, and west 

 Margin of weedy vegetation adjacent to hedgerow 

 <50 to buildings 

 Blueberry cannons frequently going off after 07:00 hrs. 

 

2.6 DFWT4 

TheDFWT4 hedgerow is located in Delta south of Ladner. This hedgerow was another of 

the three to have an additional paired-control transect (Figure 7). The control transect was 

offset 50 m from the hedgerow transect, ran an equal length, and occurred within the 

adjacent tall grass field. This control transect also included a road with power lines. 
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DF&WT initially planted the hedgerow in partnership with the farmer who owned the land. 

Since that time the land has been sold to a railway company, which has thus far left the 

hedgerow intact. The DFWT4 hedgerow is unique in the diversity of habitats and structures 

that surround it (i.e. abandoned farmhouse, barn, and greenhouse).  

Figure 6: Location along the DFWT4 hedgerow of the transects used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. The paired control 
transect used for landbird surveys is shown in yellow. 

Additional landscape features possibly affecting bird communities in the DFWT4 hedgerow 

include: 

 Moderate-traffic road and power lines to west of hedgerow 

 Agricultural fields surrounding all sides 

 Reed-canary grass (Phalaris arundinacea) field adjacent to south hedgerow section 

 Ephemeral wetland just to the west of south hedgerow section 

 <50 m to power line transformer supporting an active Bald Eagle (Haliaeetus 

leucocephalus) nest 

 

2.7 DFWT5 

The DFWT5 hedgerow is located roughly 2 km from the DFWT4 hedgerow just south of the 

town of Ladner. This hedgerow was another of the three to have an additional paired-

control transect (Figure 8). The control transect was offset 50 m from the hedgerow 

transect, ran an equal length, and occurred within the adjacent tall grass field covered by a 
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mixed-grain crop. This site consistently received the heaviest winds of all hedgerows 

surveyed in 2016 (up to 6 on the Beaufort Scale) (Beaufort 1805). 

Figure 7: Location along the DFWT5 hedgerow of transects used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. The paired control 
transect used for landbird surveys is shown in yellow. 

Additional landscape features possibly affecting bird communities in the DFWT5 hedgerow 

include: 

 Medium-traffic road and power lines to west of hedgerow 

 Agricultural fields surrounding all sides 

 Blueberry cannons frequently going off after 07:00 hrs 

 Adjacent grass margin heavily overgrown with reed-canary grass  

 <50 m to buildings 

 <50m to moderate-traffic road and power lines. 

 

2.8 DFWT6 

The DFWT6 hedgerow is located in East Delta, east of Highway 99 (Figure 9). This 

hedgerow is less than 1 km from the DFWT2 hedgerow, and thus similar to the DFWT2 site 

has relatively high connectivity to other hedgerows. Swallow nest boxes have been added 

throughout the length of the hedgerow, and all appeared to be occupied during the 2016 

season. 
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The hedgerow is separated into two sections: one L-shaped section to the west, and one 

linear section to the east. The L-shaped section borders an industrial bedding processing 

facility, which was in operation during only one survey date in 2016. The linear section 

bisects two short-grass fields, where the field to the south is unfenced and the fenced field 

to the north is occasionally used as horse pasture. 

Figure 8: Location along the DFWT6 hedgerow of the transects used for landbird and vegetation 
surveys (shown in red) conducted in May through July of 2016 in Delta, BC. 

Additional landscape features possibly affecting bird communities in the DFWT6 hedgerow 
include: 

 Heavily overgrown grass margin adjacent to linear hedgerow section  

 Non-DF&WT hedgerows to the east, south, and west 

 Horse trail to north, east and west of hedgerow 

 <50 m to light-traffic road with power lines 

 <50 m to buildings 

 <50 m to horse stables. 

2.9 DFWT7 

The DFWT7 hedgerow is the youngest of all the hedgerows surveyed in 2016. This 

hedgerow entails one linear section located on the border of a farm on Westham Island 

(Figure 10). This site receives some of the highest winds of those surveyed in 2016, 

frequently reaching a 5 on the Beaufort Scale (Beaufort 1805). 
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Throughout the 2016 survey period, the adjacent field to the west of the DFWT7 hedgerow 

varied from bare soil to a tall grain crop. A ditch lies within the northern portion of survey 

area. Nursery trees planted along this hedgerow in 2015 were relatively large (often ten 

gallon pots) compared to those typically planted in other DF&WT hedgerows. This larger 

plant size should allow these trees to withstand the higher winds typical of this site, while 

also enabling this hedgerow to more rapidly attain a greater size. 

Figure 9: Local context of DFWT7 hedgerow and linear transect for songbird surveys conducted in 
May through July of 2016 in Delta, BC. 

Additional landscape features possibly affecting bird communities in the DFWT7 hedgerow 

include: 

 Ditch with riparian vegetation running perpendicular to north hedgerow section 

 Agricultural fields surrounding all sides 

 < 100 m to building 
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3.0 Methods 

Methods for transect surveys of landbird abundance and diversity that were used in 2016 

were the same as those used in the 2015 pilot study (with the exception of the 

aforementioned addition in 2016 of paired control transects at three sites). Vegetation 

sampling methods were developed in 2016, and were designed to assess vegetation 

structure and species composition of the hedgerows. Specifically, the purpose of sampling 

vegetation was to identify whether there are correlations between bird communities and 

hedgerow vegetation. 

Data for both birds and vegetation were recorded within 50 m sections along each transect.  

Hedgerows varied in length, and thus each had a different number of 50 m sections. The 

last section of each hedgerow ranged from 1 to 50 m. Hedgerow length and 50 m sections 

were measured using an Eslon tape, and 50 m sections were marked with flagging tape. 

 

3.1 Songbird Surveys along Hedgerows 

All transect surveys of landbirds were conducted from 15 minutes before sunrise to 4 hrs 

after sunrise (roughly 05:00 to 09:00 hrs) on Mondays and Tuesdays from 20 May to 12 

June 2016 in Delta, BC. A complete survey of each hedgerow transect was conducted on 

eight days. The surveyor would walk in a straight line along the hedgerow, roughly 5 m 

from the edge of the hedgerow (Figure 11). The total width of each transect was about 50 

m extending from the edge of the hedgerow into the adjacent field, and varied slightly as a 

result of hedgerow width. This is because though the 50 m width began at the hedgerow’s 

edge, and all birds on the far side of the hedgerow were also recorded. 

 

Figure 10: Schematic of transect survey for landbirds along hedgerows in Delta, BC during May 
through July of 2016.Total transect width was about 50 m, with the survey route located 5 m from 
the edge of the hedgerow. Birds were recorded separately within 50-m sections (image obtained 
from Kujawiak 2015). 
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For each bird survey, the observer slowly and quietly approached the hedge. Surveys were 

conducted while maintaining a steady pace of about 3 min per 50 m section, with pauses 

used to confirm species identification, count the number of individuals per species, and to 

record data. All data were recorded in a field notebook (Appendix A) and included the 

following: 

 Date and hedgerow location 

 Four letter species code (see link) 

Species codes: http://www.birdatlas.bc.ca/bcdata/codes.jsp?lang=en&pg=species 

 50 m section in which bird was observed 

 Number of individuals 

 Behaviour Code (Appendix B) 

 Breeding Code (see link) 

Breeding codes: http://www.birdatlas.bc.ca/bcdata/codes.jsp?lang=en 

 Aural or visual detection (A or V) 

 Whether the individual was observed (e.g. perching, singing) in hedgerow (Y or N) 

 Weather category (i.e. clear, cloudy, overcast, light rain, moderate rain, and heavy 

rain) 

 Start and end time of transect 

Birds were only recorded when walking in one direction along each transect. Exceptions 

were made only if there was a species that had not already been recorded, or to update the 

total number of individuals within a large flock. 

Birds that were observed in multiple 50 m sections were totalled and recorded in the 

section in which they were first observed. Numbers of individuals in large flocks were 

estimated by counting individuals in groups of 5 or 10.  

All four hedgerows on Westham Island (i.e. Reference 1, Reference 2, DFWT1 and DFWT7) 

were surveyed each Monday, while all other hedgerows were surveyed on Tuesdays. The 

order in which hedgerows were surveyed was rotated for each survey day to avoid bias 

related to time of day. On sites that had an additional paired-control transect, the order in 

which the two transects were surveyed were switched each week. This reduced bias and 

ensured that birds were not consistently ‘flushed’ during one transect survey before the 

other. 

Surveys were not conducted in heavy rain, heavy fog, or wind exceeding 32 km/hr (6 on 

the Beaufort Scale). Due to safety concerns, surveys were not conduced when farm 

machinery was in operation in fields adjacent to hedgerows. 

 

http://www.birdatlas.bc.ca/bcdata/codes.jsp?lang=en&pg=species
http://www.birdatlas.bc.ca/bcdata/codes.jsp?lang=en
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3.2 Vegetation Surveys in Hedgerows 

Vegetation surveys were conducted on Mondays and Tuesdays between 09:00 hrs and 

14:00 hrs from 6 June to 12 July 2016. One 10-m long vegetation survey plot was 

established in the center of each 50 m hedgerow section. All plots were measured with an 

Eslon tape and temporarily marked with flagging tape. 

Data were collected to sample both vegetation structure and composition. To assess 

structural diversity, each plot was stratified into three height layers (RISC 2007): 

 A = >10 m 

 B1 = 2–10 m 

 B2 = <2 m 

All data were recorded in a field notebook (Appendix A) and included the following for 

each 10 m long plot:  

 Date, time and location 

 Width of the hedgerow section (representative of plot) 

 Height of the B1 layer (representative of plot) 

 Height and diameter at breast height (DBH) of each tree 

 Daubenmire cover class of all species combined for each of the A, B1 and B2 layers 

 Daubenmire cover class for each species within the B1 layer 

 Daubenmire cover class for each species within the B2 layer 

 UTM coordinates of plot center 
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Figure 11: Visual aid for estimating aerial percent cover of oil spills, which was adopted to estimate 
percent cover during vegetation surveys along hedgerows in Delta, BC in May through July of 2016 
(Environment Canada 1994). 

Trees were included within a 10-m long plot if >50% of its foliar cover overlapped the plot. 

All plot coordinates were gathered using a Garmin 62st GPS, tree heights were measured 

with a TruPulse 360R rangefinder, and DBH was measured with DBH tape. Finally, for each 

hedgerow, the total number of each tree species per 50 m hedgerow section was recorded 

and categorized as being either > 5 m or >10 m. 

 

3.3 Data Summaries 

For each survey date, relative abundance, species richness, and Simpson’s diversity of 

landbirds were summarized separately for each 50-m section. Values for 50-m sections 

within each hedgerow were then averaged for each survey date. These mean values were 

then averaged across the eight survey days to obtain one value of bird abundance, species 

richness, and Simpson’s diversity for each hedgerow. Using the same approach, mean 

values were also obtained separately for birds that were observed using the hedgerow. 

Exotic European Starlings (Sturnus vulgaris) were often highly abundant, and were 

removed from data summaries. 
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A similar process was used to obtain summary measures of Simpson’s diversity of 

vegetation species in B1-layer (2-10 m height). The midpoint value of the Daubenmire 

cover class recorded for each plant species was used as a proxy for its abundance.  The 

process differed from the calculations made for bird data in that there was only one plot, 

and one survey day for each hedgerow sections. Other measures of vegetation that were 

reported or summarized are: hedgerow age, hedgerow volume (Length x Average height of 

B-layers x Average width), and average number of trees per hedgerow section. 

For vegetation surveys, this report will focus on Simpson’s diversity (and not percent cover 

or species richness). The choice of using both the B1-layer and Simpson’s diversity was 

made for a few reasons. First, the B1-layer is preferable to the A-layer (> 10 m) because it is 

the most representative of the habitat provided by DF&WT planted hedgerows (i.e. some 

hedgerows do not have an A-layer). Second, the B1-layer was preferable to the B2 layer (< 

2 m) because it was used by the most bird species (e.g. not all bird species used ground 

habitat, but most used 2 – 10 m). Finally, Simpson’s diversity was chosen because it 

considers both richness and abundance, and it was preferable to use a measure that 

accounted for both species composition and structure of vegetation.  

All measures were reported per 100 m hedgerow section. In order to account for hedgerow 

sections that were not 50 m in length, abundance, species richness, and Simpson’s diversity 

for birds were calculated using a weighted average to obtain a value per m of hedgerow. 

These weighted values were subsequently multiplied by 100 to obtain a value per 100 m as 

this is a more suitable length for analysis. 

Though there were a variety of vegetation characteristics that could have been investigated 

from the data, only three characteristics were assessed in this report: hedgerow age, 

hedgerow volume, and Simpson’s diversity of vegetation in the B1-layer (2-10 m). These 

relationships were investigated in addition to data summaries of bird abundance, species 

richness and Simpson’s diversity for each transect.  

4.0 Results and Discussion 

During 2016 a total of 55 bird species were observed across the nine hedgerows surveyed 

(Table 2). Both reference sites had the highest number of bird species observed, with 42 

and 43 species observed at the Reference 1 and Reference 2 sites, respectively. The 

DFWT2, DFWT6, DFWT1, and DFWT4 sites had 32, 30, 28, and 27species observed, 

respectively. The similarity in total species observed between DFWT2 and DFWT6 makes 

intuitive sense, as the two are less than 1 km from one another. Sites with the lowest total 

number of species observed during 2016 were DFWT3 (20 species), DFWT5 (20 species), 

and DFWT7 (14 species).
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Table 2: Lists of all species observed in each hedgerow transect during surveys conducted in May through July of 
2016 in Delta, BC. 

Reference 1       
American Goldfinch Common Yellowthroat Northwestern Crow Violet-green Swallow 
American Robin Eurasian Collared-dove Pine Siskin Warbling Vireo 
Anna's Hummingbird European Starling Red-tailed Hawk White-crowned Sparrow 
Bald Eagle Glaucous-winged Gull Ruby-crowned Kinglet Wilson's Warbler 
Barn Swallow Golden-crowned Kinglet Rufous Hummingbird Yellow Warbler 
Bewick's Wren Golden-crowned Sparrow Sandhill Crane Yellow-rumped Warbler 
Black-capped Chickadee Great Blue Heron Savannah Sparrow   
Black-headed Grosbeak House Finch Song Sparrow   
Brown-headed Cowbird Killdeer Spotted Towhee   
Bullock's Oriole Mallard Swainson's Thrush   
Bushtit Marsh Wren Tree Swallow   
Cedar Waxwing Northern Harrier unknown sp.   

TOTAL 42 

Reference 2       
American Goldfinch Bushtit Marsh Wren Tree Swallow 
American Robin Cedar Waxwing Northern Flicker unknown sp. 
Anna's Hummingbird Common Yellowthroat Northwestern Crow Violet-green Swallow 
Bald Eagle Dark-eyed Junco Orange-crowned Warbler White-crowned Sparrow 
Barn Swallow Downy Woodpecker Pacific-slope Flycatcher Wilson's Warbler 
Barred Owl Eurasian Collared-dove Red-tailed Hawk Yellow Warbler 
Bewick's Wren European Starling Rufous Hummingbird Yellow-rumped Warbler 
Black-capped Chickadee Golden-crowned Kinglet Savannah Sparrow   
Black-headed Grosbeak Great Blue Heron Song Sparrow   
Brown Creeper House Finch Spotted Towhee   
Brown-headed Cowbird Killdeer Swainson's Thrush   
Bullock's Oriole Mallard Townsend's Warbler   

TOTAL 43 

DFWT1       
American Goldfinch Brown-headed Cowbird House Sparrow Song Sparrow 
American Robin Canada Goose Mallard Spotted Towhee 
Anna's Hummingbird Cedar Waxwing Orange-crowned Warbler Tree Swallow 
Bald Eagle Common Yellowthroat Red-tailed Hawk unknown sp. 
Barn Swallow Eurasian Collared-dove Ruby-crowned Kinglet White-crowned Sparrow 
Bewick's Wren European Starling Rufous Hummingbird Wilson's Warbler 
Black-capped Chickadee House Finch Savannah Sparrow Yellow Warbler 

TOTAL 28 

DFWT2       
American Goldfinch Cedar Waxwing Killdeer Spotted Towhee 
American Robin Common Yellowthroat Northern Flicker Tree Swallow 
Anna's Hummingbird Downy Woodpecker Northern Harrier unknown sp. 
Bald Eagle European Starling Northwestern Crow Violet-green Swallow 
Barn Swallow Glaucous-winged Gull Rock Pigeon White-crowned Sparrow 
Bewick's Wren Golden-crowned Sparrow Rufous Hummingbird Wilson's Warbler 
Black-capped Chickadee House Finch Savannah Sparrow Yellow Warbler 
Brown-headed Cowbird House Sparrow Song Sparrow Yellow-rumped Warbler 

TOTAL 32 
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DFWT3       
American Goldfinch Brown-headed Cowbird House Finch Song Sparrow 
American Robin Cedar Waxwing Killdeer Tree Swallow 
Bald Eagle Common Yellowthroat Savannah Sparrow unknown sp. 
Barn Swallow Eurasian Collared-dove Savannah Sparrow Violet-green Swallow 
Black-capped Chickadee European Starling Sharp-shinned Hawk White-crowned Sparrow 

TOTAL 20 

DFWT4       
American Goldfinch Cedar Waxwing Mallard Spotted Towhee 
American Robin Common Yellowthroat Marsh Wren Tree Swallow 
Anna's Hummingbird Eurasian Collared-dove Northwestern Crow unknown sp. 
Bald Eagle European Starling Rock Pigeon Violet-green Swallow 
Barn Swallow House Finch Rufous Hummingbird White-crowned Sparrow 
Black-capped Chickadee House Sparrow Savannah Sparrow Wilson's Warbler 
Brown-headed Cowbird Killdeer Song Sparrow   

TOTAL 27 

DFWT5       
American Goldfinch Brown-headed Cowbird European Starling Rufous Hummingbird 
American Robin Canada Goose House Finch Savannah Sparrow 
Anna's Hummingbird Cedar Waxwing Mallard Tree Swallow 
Barn Swallow Common Yellowthroat Northern Harrier unknown sp. 
Black-capped Chickadee Eurasian Collared-dove Rock Pigeon White-crowned Sparrow 

TOTAL 20 

DFWT6       
American Goldfinch Cedar Waxwing Northern Flicker Tree Swallow 
American Robin Common Yellowthroat Northwestern Crow unknown sp. 
Anna's Hummingbird Downy Woodpecker Red-tailed Hawk Violet-green Swallow 
Bald Eagle Eurasian Collared-dove Rock Pigeon White-crowned Sparrow 
Barn Swallow European Starling Rufous Hummingbird Willow Flycatcher 
Bewick's Wren Glaucous-winged Gull Savannah Sparrow Yellow-rumped Warbler 
Black-capped Chickadee House Finch Savannah Sparrow   
Brown-headed Cowbird House Sparrow Song Sparrow   

TOTAL 30 

DFWT7       
American Robin Common Yellowthroat Mallard Tree Swallow 
Barn Swallow European Starling Marsh Wren unknown sp. 
Brewer's Blackbird House Finch Northwestern Crow   
Brown-headed Cowbird Killdeer Savannah Sparrow   

TOTAL 14 

TOTAL SPECIES OBSERVED IN  
MAY THROUGH JULY OF 2016 

  
55 
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4.1 Bird Abundance 

Reference 1 saw the highest mean number of individual birds observed, followed by 

DFWT1, DFWT4, DFWT6 and DFWT2 (Figure 13). Mean bird abundance per 100 m were 

especially high for Reference 1, DFWT1, DFWT4 and DFWT6, likely because all of these 

sites were heavily used by the three species of swallow (i.e. Barn Swallow – Hirundo 

rustica, Tree Swallow - Tachycineta bicolor, and Violet-green Swallow – Tachycineta 

thalassina) observed in the 2016 study (aside from DFWT1 which had just Barn Swallow 

and Tree Swallow). Since these swallows tend to flock in large numbers, mean bird 

abundance may have been higher at these sites as a result. 

 
Figure 12: Mean (with 95% CI) bird abundance for all DF&WT hedgerows surveyed during May 
through July of 2016 in Delta, BC. 'All Species' are the species observed within the approximately 
50-m wide transect area, while 'Hedgerow Associated Species' are those observed in direct 
association with the hedgerow. Paired-control transects were surveyed for three sites, and indicate 
bird abundance in non-hedgerow habitats. 

The high bird abundance at DFWT2 and DFWT6 might similarly be explained by the higher 

level of habitat connectivity the two have as a result of their close proximity to one another. 

It is possible that birds observed within the 50 m transect width for each hedgerow use 

habitats provided by both hedgerows, and thus have access to increased ‘niches’ relative to 

other stand-alone hedgerows or hedgerows separated by roadways. This complement of 

hedgerows could explain why both DFWT2 and DFWT6 have the highest abundances of the 

hedgerows surveyed in 2016.  
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Bird abundance was lowest for the DFWT3, DFWT5 and DFWT7 hedgerows. Low 

abundance in these sites is likely due to close proximity to medium and high-traffic roads, 

relatively high habitat fragmentation, and immature vegetation. 

 

4.2 Bird Species Richness 

Patterns among hedgerows in the species richness of all bird species combined were 

similar to those seen in bird abundance. The Reference 1 site had the highest total and 

hedgerow-associated bird species richness (Figure 14). 

 

Figure 13: Mean (with 95% CI) bird species richness for all DF&WT hedgerows surveyed during 
May through July of 2016 in Delta, BC. 'All Species' are the species observed within the 
approximately 50-m wide transect area, while 'Hedgerow Associated Species' are those observed in 
direct association with the hedgerow. Paired-control transects were surveyed for three sites, and 
indicate bird species richness in non-hedgerow habitats. 

Similar to the whole season totals, mean bird species richness was highest for the DFWT1, 

DFWT4, DFWT6, and DFWT2 sites (Figure 14). DFWT1 is the oldest of the DF&WT 

hedgerows, and subsequently has some of the most mature vegetation. DFWT1 is also part 

of a mosaic of hedgerows (remnant and planted), ditches, and agricultural fields on 

Westham Island, thus having high habitat diversity and connectivity. 
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High species richness of birds observed along the DFWT4 hedgerow could be a result of the 

diversity of unique habitats at the site (Figure 14). For example, the abandoned farmhouse, 

barn, and greenhouse within 50 m of the hedgerow were commonly used for perching and 

even nest building. These habitat features could be the explanation for why the ‘All Species’ 

and ‘Control’ means are both higher than the ‘Hedgerow Associated’ means, as the control 

transect also captured the farmhouse and barn. 

The DFWT3 hedgerow had the lowest bird species richness of all sites surveyed (Figure 

13). This is almost certainly the result of the site’s close proximity to Highway 99. This 

location is an issue for a number of reasons. First, the high noise levels from traffic likely 

inhibit the ability of landbirds to communicate songs or calls effectively. Second, the 

highway is a significant barrier for movement between other habitats, and effectively 

isolates the birds using the DFWT3 Hedgerow. However, despite its low species richness, 

there were breeding pairs of Common Yellowthroats (Geothlypis trichas) and Black-capped 

Chickadees (Poecilea tricapillus) that successfully raised fledglings in this site. 

DFWT7 and DFWT5 were just above DFWT3 in terms of species richness per 100 m 

hedgerow section (Figure 13). The DFWT7 hedgerow was planted only one year ago, and 

thus has not developed a mature vegetation structure. Currently, the hedgerow is favoured 

by Savannah Sparrows (Passerculus sandwichensis), but it is likely too early to determine 

whether DFWT7 provides habitat for a range of other bird species. It is interesting that 

DFWT5 has lower bird species richness as it is located less than two kilometers from the 

DFWT4 hedgerow. However, unlike the compliment of DFWT2 and DFWT6, DFWT5 and 

DFWT4 are fragmented by three medium-traffic roads, one if which is directly adjacent to 

the DFWT5 hedgerow. 

It is not clear why Reference 2 had relatively lower bird abundance and species richness 

(Figures 13 and 14). One possible explanation is that this site entails continuous forest in 

some areas rather than a hedgerow. This could mean that the birds using the area were not 

‘condensed’ along the hedgerow habitat, but dispersed throughout the available forest 

habitat. This would result in fewer species and individuals using the habitat within the 50 

m transect width, and thus were not recorded in the surveys.  

 

4.3 Simpson’s Diversity of Birds 

Among hedgerows, patterns in Simpson’s diversity were similar to those seen in bird 

abundance and species richness (Figures 15). As with bird abundance and species richness, 

Reference1, DFWT1, DFWT4 and DFWT6 had the highest Simpson’s Diversity (Figure 15). 

Similarly, the DFWT3, DFWT5 and DFWT7 Hedgerows all had a relatively lower Simpson’s 

diversity.  
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Figure 14:Mean (with 95% CI) Simpson’s diversity for all DF&WT hedgerows surveyed May 
through July of 2016 in Delta, BC. 'All Species' are the species observed within the approximately 
50-m wide transect area, while 'Hedgerow Associated Species' are those observed in direct 
association with the hedgerow. Paired-control transects were surveyed for three sites, and indicate 
Simpson’s diversity in non-hedgerow habitats. 

Among all hedgerows, bird abundance, species richness, and Simpson’s diversity were 

higher when ‘All Species’ were calculated, rather than just the ‘Hedgerow Associated’ 

individuals. The differences in these means are more exaggerated in some cases, which 

could be a result of the quality of habitat adjacent to the hedgerow. For example, in the 

DFWT1, DFWT4, and DFWT6 hedgerows, habitat within the 50 m survey area adjacent to 

the hedgerow may have been of equal or higher quality relative to the hedgerow itself. This 

could mean that birds using these hedgerows were more likely to also use adjacent 

habitats. Overall, this may not be a poor reflection on these hedgerows, as it is very likely 

that birds benefit from the habitat provide by the hedgerows either directly (e.g. for food, 

shelter, and breeding habitat), or indirectly (e.g. as it provides habitat for invertebrates that 

act as prey and/or pollinators).  

As suspected, all three sites that had paired-controls saw higher bird abundance, species, 

and Simpson’s diversity in the ‘All Species’ means when compared to the ‘Control’ means. It 

is unfair to make a comparison between ‘Hedgerow Associated’ and ‘Control’ means, as the 

survey area was not to same (i.e. control transects were consistently 50 m in width, 

whereas hedgerow width was variable between hedgerows). This supports the common 

understanding that hedgerows improve habitat quality for bird communities in agricultural 

landscapes. 
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4.4 Hedgerow Age and Hedgerow Volume 

Hedgerow vegetation generally becomes more structurally and compositionally complex 

with age. This complexity should in turn provide more niche habitats, thus increasing the 

diversity of bird species using hedgerows. This expected pattern was supported by 

observations in the DF&WT hedgerows; Simpson’s diversity of birds generally increased 

with hedgerow age (Figure 16). 

Simpson’s diversity of birds was more strongly related to hedgerow volume than to 

hedgerow age (Figure 17). A possible explanation for this could be that as hedgerows age, 

they do not all necessarily grow at the same rate. An inconsistent growth rate between 

hedgerows could be a result of differences in factors such as competition from adjacent 

vegetation, plant size at the time of planting, or amount of fertilizer runoff received from 

adjacent fields. Thus, hedgerow age should not be used as the sole predictor of Simpson’s 

bird diversity. The strong relationship between bird diversity and hedgerow volume is 

consistent with many past studies (Hinsley & Bellamy 2000). 

Reference 2 values were omitted from the analysis of Simpson’s diversity of birds with 

hedgerow volume because this site differs from the others in being connected to a larger 

forested area. Further, DFWT3 values of Simpson’s diversity and hedgerow volume are 

shown in Figure 17, but were not included in the regression analyses of these two 

variables.  This is because the DFWT3 hedgerow is an anomaly among hedgerows surveyed 

in 2016 due its proximity to Highway 99.  

 



25 
 

Figure 15: Relationship of mean Simpson’s bird diversity with hedgerow age for the nine 

hedgerows surveyed in May through July of 2016 in Delta, BC. 

Figure 16:  Relationship of mean Simpson’s bird diversity with hedgerow volume for the nine 

hedgerows surveyed in May through July of 2016 in Delta, BC. Values for the Reference 2 hedgerow 

are not included in the figure, and values for the DFWT3 hedgerow are shown (circle) but were 

excluded from the regression analysis (see Results and Discussion for explanations). 
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4.5 Simpson’s Diversity of Birds and Vegetation 

The relationship between Simpson’s diversity of birds and vegetation (within the B1-layer) 

were strongly related (Figure 18), consistent with results of many past studies (Arnold 

1983; Osborne 1984; and Parish et. al 1994).  Omitting the DFWT3 hedgerow from these 

analyses for the reasons described above further strengthens this relationship (i.e. would 

increase from R² = 0.51to R² = 0.57).  

Since calculations for Simpson’s diversity take both species richness and abundance into 

account, higher Simpson’s diversity for vegetation signifies a greater complexity in 

structure as well as composition. It is likely the case that Simpson’s bird diversity increases 

with Simpson’s vegetation diversity because of the greater amount of available niches for 

birds (e.g. more variability in food types, refuges, and nesting locations). 

 

Figure 17:  Relationship of mean Simpson’s bird diversity with mean Simpson’s vegetation diversity 
for the B1 layer (2-10 m) for the nine hedgerows surveyed in May through July of 2016 in Delta, BC. 
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5.0 Conclusion and Recommendations 

In this study, landbird abundance, species richness, and Simpson’s diversity of nine 

hedgerows were compared. On average, older hedgerows and hedgerows with increased 

habitat connectivity had the highest abundance and diversity of landbirds, especially when 

compared to control ‘non-hedgerow’ habitats.  

In addition to investigating abundance and diversity among hedgerows, vegetation 

characteristics affecting bird diversity across all hedgerows were investigated. Specifically, 

this study assessed relationships between bird diversity as it is affected by hedgerow age, 

hedgerow volume, and diversity of vegetation. On average, hedgerows with greater volume 

and vegetation diversity had the strongest relationships with higher landbird diversity. 

These findings are consistent with the results of many past studies (Arnold 1983; Osborne 

1984; and Parish et. al 1994; Hinsley and Bellamy 2000). 

Though hedgerow volume and vegetation diversity were found to be strongly related to 

bird diversity, it is also likely that a number of other factors are involved. Proximity to 

important landscape features (i.e. roadways, riparian areas, nest boxes, buildings, and 

hazing devices such as blueberry cannons) could also be impacting landbird abundance 

and diversity. These landscape features were not formally characterized in this years’ 

study. It is recommended that students continuing this study consider including these 

various landscape features into analysis. 

Additionally, it is recommended that this study continue for a minimum of one year to 

determine whether landbird abundance and diversity on DF&WT hedgerows changes over 

time. For hedgerows that were introduced in the 2016 study, it is recommended that data 

are collected for a minimum of two more years. Specifically, the author suggests continuing 

to study the DFWT7 hedgerow. Since it was recently planted, this hedgerow provides a 

unique opportunity to study a young hedgerow as it matures. 

Going forward, the author recommends that DF&WT continue to plant a diversity of native 

trees and shrubs in their hedgerows. This increases habitat quality and the diversity of 

niches, which has positive impacts on landbird diversity.  

Additionally, careful consideration should be given to landscape context when deciding 

where to plant new hedgerows. Focus should be placed on using hedgerows to connect 

fragmented habitats, while ensuring that the spaces in between are not barriers to their 

movement and survival. 
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7.0 Appendices  

A Field Note Sample – Landbird Survey 

 

Figure 18: Sample of field notes recorded during landbird survey transects along DF&WT 
hedgerows from May through July of 2016 in Delta, BC. 
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A Field Note Sample – Vegetation Survey 

Figure 19: Sample of field notes recorded during vegetation surveys on DF&WT hedgerows 
from June and July of 2016 in Delta, BC. 
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B Bird Behaviour and Breeding Codes 
 

OBSERVED 

X Species observed in its breeding season (no breeding evidence) 

 
POSSIBLE 

H Species observed in its breeding season in suitable nesting habitat 
S Singing male(s) present, or breeding calls heard, in suitable nesting habitat in 

breeding season 

 
PROBABLE 

M Multiple singing males (7 or more) found during one visit within the same square, 
during the breeding period in suitable nesting habitat. Most species listed as (M) can 
be upgraded during other visits. Use with caution to avoid counting migrants. 

P Pair observed in suitable nesting habitat in nesting season 
T Permanent territory presumed through registration of territorial song, or the 

occurrence of an adult bird, at the same place, in breeding habitat, on at least two 
days a week or more apart, during its breeding season. Use discretion when using 
this code. 

D Courtship or display, including interaction between a male and a female or two 
males, including courtship feeding or copulation 

V Visiting probable nest site 
A Agitated behaviour or anxiety calls of an adult 
B Brood Patch on adult female or cloacal protuberance on adult male 
N Nest-building or excavation of nest hole by wrens and woodpeckers 

 
CONFIRMED 

NB Nest building or carrying nest materials, for all species except wrens and 
woodpeckers 

DD Distraction display or injury feigning 
NU Used nest or egg shells found (occupied or laid within the period of the survey) 
FY Recently fledged young (nidicolous species) or downy young (nidifugous species), 

including incapable of sustained flight 
AE Adult leaving, occupying or entering nest sites in circumstances indicating occupied 

nest (eg. sitting on nest) 
FS Adult carrying fecal sac 
CF Adult carrying food for young 
NE Nest containing eggs 
NY Nest with young seen or heard 
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C List of all bird species 

Table 3: Lists of all species observed during surveys conducted in May through July of 2016 
in Delta, BC. 

All Species Observed in 2016 Hedgerow Study 

American Goldfinch Eurasian Collared-dove Red-tailed Hawk 

American Robin European Starling Rufous Hummingbird 

Anna's Hummingbird Great Blue Heron Sandhill Crane 

Bald Eagle Golden-crowned Kinglet Savannah Sparrow 

Barn Swallow Golden-crowned Sparrow Song Sparrow 

Black-capped Chickadee Glaucous-winged Gull Spotted Towhee 

Barred Owl House Finch Sharp-shinned Hawk 

Bewick's Wren House Sparrow Swainson's Thrush 

Brown-headed Cowbird Killdeer Townsend's Warbler 

Black-headed Grosbeak Mallard Tree Swallow 

Brewer's Blackbird Marsh Wren Violet-green Swallow 

Brown Creeper Northwestern Crow Warbling Vireo 

Bullock's Oriole Northern Flicker White-crowned Sparrow 

Bushtit Northern Harrier Willow Flycatcher 

Canada Goose Orange-crowned Warbler Wilson's Warbler 

Cedar Waxwing Pine Siskin Yellow Warbler 

Common Yellowthroat Pacific-slope Flycatcher Yellow-rumped Warbler 

Dark-eyed Junco Ruby-crowned Kinglet   
Downy Woodpecker Rock Pigeon   

Total   55 Species 
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D Species planted vs. 2016 census of species in hedgerow 

Table 4: Species present at time of planting compared to species observed in each DF&WT 
hedgerow surveyed in 2016. Species highlighted in red were recorded to have been planted but 
were not present in 2016. Species highlighted in green were observed in 2016 but not recorded as 
originally planted in the hedgerow. Health categories: H = healthy, M = moderate, S = stressed. 

Hedgerow 
Species present at                    

time of planting 
Species present in 2016 

Health 
Category 

(2016) 
DFWT1 Acer circinatum Acer macrophyllum M 

  Acer glabrum Alnusrubra H 

  Amelanchieralnifolia Cornus stolonifera H 

  Cornus stolonifera Coryluscornuta M 

  Coryluscornuta Crataegusdouglasii H 

  Crataegusdouglasii Malus fusca H 

  Holodiscus discolor Philadelphuslewisii M 

  Malus fusca Piceasitchensis H 

  Oemleriacerasiformis Populusbalsamiferatrichocarpa H 

  Philadelphuslewisii Rhamnuspurhsiana H 

  Physocarposcapitatus Ribessanguineum M 

  Rhamnuspurshiana Rosa nutkana H 

  Ribessanguineum Rubus discolor H 

  Rosa nutkana Rubusparviflorus M 

  Salix hookeriana Salix hookeriana H 

  Salix lucida Salix lucida H 

  Sambucusracemosa - - 

  Viburnum edule - - 

DFWT2 Acer macrophyllum Acer macrophyllum M 

  Alnusrubra Alnusrubra H 

  Amelanchieralnifolia Cornus stolonifera H 

  Cornus stolonifera Crataegusdouglasii H 

  Coryluscornuta Mahoniaaquifolium H 

  Crataegusdouglasii Malus fusca H 

  Gaultheria shallon Philadelphuslewisii H 

  Malus fusca Piceasitchensis H 

  Philadelphuslewisii Populusbalsamiferatrichocarpa H 

  Piceasitchensis Rhamnuspurhsiana H 

  Populusbalsamiferatrichocarpa Ribessanguineum H 

  Rhamnuspurshiana Rosa nutkana H 

  Rosa nutkana Rubus discolor H 

  Rubusspectabilis Rubusspectabilis H 

  Sambucusracemosa Sambucusracemosa H 

  Thujaplicata Sorbusaucuparia H 

  Vacciniumovatum Spiraeadouglasii H 
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  - Thujaplicata H 

DFWT3 Acer glabrum Alnusrubra H 

  Cornus stolonifera Amelanchieralnifolia M 

  Coryluscornuta Cornus stolonifera H 

  Crataegusdouglasii Crataegusmonogyna H 

  Holodiscus discolor Mahoniaaquifolium M 

  Malus fusca Phalarisarundinacea H 

  Physocarposcapitatus Philadelphuslewisii M 

  Populustremuloides Physocarposcaptitatus M 

  Rhamnuspurshiana Populusbalsamiferatrichocarpa H 

  Ribessanguineum Populustremuloides H 

  Rosa nutkana Rhamnuspurhsiana S 

  Rubusparviflorus Rosa nutkana H 

  Rubusspectabilis Rubus discolor H 

  Thujaplicata Rubusparviflorus S 

  Vacciniumovatum Rubusspectabilis S 

  - Sambucusracemosa S 

  - Spiraeadouglasii H 

  - Thujaplicata S 

DFWT4 Acer macrophyllum Coryluscornuta H 

  Cornus stolonifera Crataegusdouglasii H 

  Coryluscornuta Crataegusmonogyna H 

  Crataegusdouglasii Mahoniaaquifolium H 

  Mahoniaaquifolium Malus fusca H 

  Malus fusca Rosa nutkana H 

  Populusbalsamiferatrichocarpa Rubus discolor H 

  Rosa nutkana Salix sitchensis M 

  Salix sitchensis Sambucusracemosa M 

  Sambucusracemosa Spiraeadouglasii H 

  Spiraeadouglasii - - 

  Thujaplicata - - 

DFWT5 Acer macrophyllum Acer macrophyllum S 

  Alnusrubra Alnusrubra M 

  Cornus stolonifera Cornus stolonifera H 

  Coryluscornuta Crataegusdouglasii M 

  Crataegusdouglasii Malus fusca M 

  Mahoniaaquifolium Phalarisarundinacea H 

  Malus fusca Piceasitchensis M 

  Philadelphuslewisii Populusbalsamiferatrichocarpa H 

  Piceasitchensis Rhamnuspurhsiana M 

  Populusbalsamiferatrichocarpa Ribessanguineum M 

  Rhamnuspurshiana Rosa nutkana H 

  Ribessanguineum Rubus discolor H 

  Rosa nutkana Rubusspectabilis S 
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  Rubusspectabilis Spiraeadouglasii H 

  Sambucusracemosa Thujaplicata S 

  Spiraeadouglasii - - 

  Thujaplicata - - 

DFWT6 
Acer circinatum Acer circinatum S 
Acer macrophyllum Acer macrophyllum S 

  Amelanchieralnifolia Alnusrubra H 

  Betulapapyrifera Amelanchieralnifolia H 

  Cornus stolonifera Betulapapryifera H 

  Coryluscornuta Cornus stolonifera H 

  Crataegusdouglasii Coryluscornuta M 

  Malus fusca Crataegusdouglasii H 

  Oemleriacerasiformis Malus fusca H 

  Physocarposcapitatus Oemelariacerasiformis M 

  Piceasitchensis Physocarposcaptitatus M 

  Prunusemarginata Piceasitchensis H 

  Pseudotsugamenziesii Pinusmonitcola M 

  Ribessanguineum Pseudotsugamenziesii H 

  Rosa nutkana Ribessanguineum H 

  Salix nigra Rosa nutkana H 

  Tsugaheterophylla Rubusparviflorus S 

    Rubusspectabilis S 

  - Salix nigra H 

  - Spiraeadouglasii H 

  - Symphoricarposalbus H 

DFWT7 Cornus stolonifera Cornus stolonifera H 

  Crataegusdouglasii Crataegusdouglasii M 

  Malus fusca Malus fusca H 

  Oemleriacerasiformis Oemelariacerasiformis M 

  Ribesbracteosum Ribesbracteosum H 

  Rosa nutkana Rosa nutkana H 

  Rubusparviflorus Rubusparviflorus S 

  Rubusspectabilis Rubusspectabilis S 

  Salix lucida Salix lucida H 
  Salix sitchensis Salix sichensis H 
 


