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Summary 

This study is the final product of an internship with Delta Farmland and Wildlife Trust 

(DF&WT) and British Columbia Institute of Technology (BCIT) to monitor land bird 

abundance and diversity in DF&WT’s planted hedgerows in Delta, BC.  BCIT students 

have monitored hedgerows for this internship since 2015. This year, I monitored the 

same hedgerows as the 2016 and 2017 researchers: two reference hedgerows in Alaksen 

National Wildlife Area and seven planted hedgerows in agricultural fields. For the 2018 

surveys, I increased the number of control transects in agricultural fields adjacent to 

hedgerows and added a hedgerow composed of non-native, invasive blackberry species. 

Surveys of land birds were conducted five times for each hedgerow during May to July 

2018, and I compared 2018 results to surveys conducted during the same period in 

2016. Although land bird diversity and abundance was lower in 2018 versus 2016, two 

key patterns appeared in both years. First, compared to planted hedgerows, reference 

hedgerows had greater total land bird abundance, species richness, and Simpson’s 

diversity. Second, compared to planted hedgerows, control transects mainly had lower 

total land bird abundance and diversity. The blackberry hedgerow surveyed in 2018 had 

lower abundance and diversity of land birds compared to all planted hedgerows. I 

suggest that DF&WT continue to plant structurally diverse hedgerows to provide 

benefits to land birds, and also replace invasive plants in hedgerows with native plants 

where possible.
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1.0 Background 

This report is the result of a summer internship with Delta Farmland & Wildlife Trust 

(DF&WT) supported by the British Columbia Institute of Technology’s (BCIT) Rivers 

Institute. The position was created in 2015 with the City of Surrey as a partner. From 

2015-2017, interns monitored land bird diversity and abundance in Natural Areas in 

Surrey and planted hedgerows in Delta. However, the 2018 internship focused 

exclusively on DF&WT’s planted hedgerows. 

 

1.1 Delta Farmland and Wildlife Trust 

Local farmers and conservationists founded DF&WT in 1993 to preserve farmland and 

wildlife habitat through stewardship. DF&WT’s Stewardship Programs help farmers 

enhance their fields to minimize erosion, compaction, and nutrient leaching while also 

enriching shelter for a variety of wildlife. The Fraser River delta is important 

agricultural land, and farming is a significant part of Delta’s economy and society. The 

Fraser River delta is also important bird habitat – an estimated five million migratory 

birds use the area for feeding or breeding along the Pacific Flyway. Delta has provincial 

and federal Wildlife Areas, and is an Important Bird Area as well as a Ramsar Site (Delta 

2018). 

Forest and grassland bird guilds (as well as other land birds) make use of hedgerows, 

linear strips of vegetation that are often found on the edges of agricultural fields and 

which may have historically been used as boundary markers (CWF 2018). Hedgerows 

can provide ecological services to adjacent agricultural fields, including benefits to land 

birds. Research in the UK suggests that land bird diversity increases in and near 

hedgerows, but few comparable studies have occurred in Canada because hedgerows 

have not been a common management tool to date (Dunn et al. 2016). Researchers are 

recommending hedgerows to enhance habitat for birds in North America (Wilson et al. 

2017; Stanton et al. 2018). DF&WT’s hedgerow program was started in 1995 and its 

planted hedgerows are used by a variety of land bird species. 

 



2 

1.2 Purpose of Study 

The purposes of this year’s study were to: 

1. Continue the 2015-2017 studies that assessed the abundance and diversity of land 

bird species within planted hedgerows in the DF&WT Hedgerow Stewardship 

Program (Kujawiak 2015; Sibbald 2016; Schlechtleitner 2017); 

2. Assess the abundance and diversity of land birds using planted hedgerows in 

Delta BC relative to controls (agricultural fields adjacent to hedgerows) and 

references (one natural riparian corridor and one 42-year-old planted hedgerow);  

3. Assess whether hedgerows increase land bird abundance and diversity in 

adjacent agricultural fields by contrasting bird communities in control transects 

established near (50 m) versus far (100 m) from planted hedgerows; and 

4. Determine whether land bird diversity and abundance differs between hedgerows 

composed of native versus invasive plant species. 

 

1.3 Overview of Changes in 2018 

 

1.3.1 GNSS Handheld Device 

In 2018, hedgerow transects were measured using a GeoXT 6000 Trimble GNSS device 

rather than the Garmin 62st GPS unit used in previous years. This allowed for increased 

accuracy in mapping and surveying; the Garmin has approximately 3 m accuracy, 

whereas the Trimble is accurate within 1 m and up to <1 cm with differential correction. 

 

1.3.2 Addition of Blackberry Hedge 

To determine whether land bird species diversity is comparable in a hedgerow 

dominated by invasive species, a 649-m blackberry hedgerow was surveyed in 2018. The 

dominant vegetation is first-year Himalayan blackberry (Rubus armeniacus) and cutleaf 

blackberry (Rubus laciniatus), both introduced species. Research in the Lower 

Mainland indicates that Himalayan blackberry provides poor bird habitat, with lower 

land bird abundance and diversity than vegetation communities that are closer to the 
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area’s natural site series (Gaire et al. 2015; Newberry 2018). I tested whether the same 

held true for hedgerows composed mainly of invasive vs. native plant species. 

 

1.3.3 Addition of Control Transects 

The 2016 and 2017 land bird surveys included 50-m offset control transects in adjacent 

fields at the DFWT HR1, DFWT HR5, and DFWT HR4 hedgerows. In 2018, these were 

retained and another 50-m transect was added at the DFWT HR3 and DFWT HR7 

hedgerows. In addition, I surveyed 100-m control transects at DFWT HR1, DFWT HR5, 

DFWT HR3, and DFWT HR7. A total of 19 transects were conducted in 2018: ten 

hedgerows, five 50-m controls, and four 100-m controls. The 10 hedgerows included: 

seven hedgerows planted by DF&WT; one exotic blackberry hedgerow; one hedgerow 

planted by the Canadian Wildlife Service (Reference 1); and one remnant, hedgerow-like 

strip of riparian vegetation within Alaksen National Wildlife Area (Reference 2). I 

discuss the hedgerows in detail in Section 2.0, Study Area. 

  



4 

2.0 Study Area 

The ten hedgerows I surveyed are all located in Delta, BC, including five on Westham 

Island, two in south Delta, two in north Delta, and just east of Ladner (Figure 1). 

 

Figure 1. Map of 2018 hedgerow study sites located in Delta, BC. Base map: 2016 orthophoto, Esri ArcGIS  imagery. 
 

The planted hedgerows varied considerably in age (3 to 42 years old), as well as in total 

length (100 to >600 m) (Table 1). 
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Table 1. List of hedgerows surveyed in 2018. The vegetation at Reference 2 is at least 40 years old, and although 
most blackberry growth was first-year in the Blackberry hedgerow, there is evidence of second-year canes as well. 
Lengths and total number of sections reflect the values measured with an Eslon tape in 2018. 

Hedgerow Length 
(m) 

Number 
of 

sections 

Year 
Planted 

Start UTM (10N) 

Reference 1 269 6 1976 487879.168  5438454.852 
Reference 2 481 10 - 487508.751  5438948.036 
DFWT HR1 156 4 1997 488848.613  5436796.019 
DFWT HR7 249 5 2015 489254.544  5436328.513 
DFWT HR5 238 5 2004 494195.754  5433231.479 
DFWT HR4 134 3 2003 494462.247  5433820.999 
DFWT HR3 609 13 1999 497431.695  5438307.481 
DFWT HR2 574 12 1998 496656.628  5440820.022 
DFWT HR6 286 6 2012 496671.572  5441120.662 
Blackberry 649 13 - 488508.887  5436645.736 

 

 

2.1   Reference 1  

The planted hedgerow used as a reference in this study is called “Reference 1.” It lies 

near the entrance to Alaksen National Wildlife Area on Westham Island in Delta, BC. I 

surveyed the two parallel hedgerows in one transect while walking down the paved road 

between. The Canadian Wildlife Service planted the Reference 1 hedgerow in 1976, 

making it the oldest planted hedgerow in this study. There are hedgerow-like structures 
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along adjacent fields and connected protected areas, giving this site a high degree of 

connectivity to other potentially valuable land bird habitat (Figure 2). 

 

Figure 2. Map of Reference 1 hedgerow that was planted in the 1970s, and is located  in Alaksen Wildlife Area 
adjacent to the Fraser River. The yellow numbers denote the flag locations (stations) along the transect, with the 
yellow line indicating the route of land bird surveys. Base map: 2009 orthophoto, BC WMS imagery. 
 

Other unique features that may contribute to the abundance and diversity of land birds 

using the Reference 1 hedgerow included: 

• Drainage ditches within each half of the hedgerow; 

• Powerline and low-traffic road between the two hedgerows (Figure 3); 

• Nearby wetlands, including riparian areas; 

• Actively managed farm field to the west and pasture to the east; and 

• Generator and associated noise from an adjacent farm building. 
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Figure 3. The power lines above the Reference 1 hedgerow were a popular perch for many species of land birds. 
Birds on this power line are considered in the transect as they are perched above the hedgerow Photo taken 05 June 
2018. 

 

2.2 Reference 2 

The second reference hedgerow – “Reference 2” – also lies within Alaksen National 

Wildlife Area. It is a remnant, hedgerow-like strip of mostly riparian vegetation with an 

unpaved access road running down the middle (Figure 4). 



8 

 

Figure 4. Northwest view along unpaved road that runs in the middle of the Reference 2 hedgerow. Photo taken 22 
May 2018. 

 

I surveyed both parallel hedgerows in one transect, as with Reference 1. Sections of the 

Reference 2 hedgerow extend into continuous forest or riparian vegetation for over 100 

m, resulting in high connectivity (Figure 5). 



9 

 

Figure 5. Map of the Reference 2 hedgerow, which is a remnant riparian forest established as a hedgerow via "leave 
strip" management and is surrounded by fields and the Fraser River. The yellow numbers denote the flag locations 
(stations) along the transect, with the yellow line indicating the route of land bird surveys. Base map: 2009 
orthophoto, BC WMS imagery. 
 

Other unique features that may contribute to the abundance and diversity of land birds 

using the Reference 2 hedgerow included: 

• Unpaved access road for farm vehicles;  

• Two channel-like, wide ditches perpendicular to the hedgerow;  

• Active farm fields to the south and east; cattle pasture to the west; 

• Fraser River on both ends of transect; and 

• Breaks in the hedgerow (i.e. gates to farm fields and west side of section 1). 

 

2.3  DFWT HR1 

 

The DFWT HR1 hedgerow is also on Westham Island. Among the planted hedgerows in 
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this study, it is the second-shortest at 156 m and also the oldest at 21 years old (Figure 

6). 

 

Figure 6. View along DFWT HR1 hedgerow looking southwest. Photo taken 01 May 2018 prior to sowing of cover 
crop in adjacent field. 

 

The DFWT HR1 hedgerow had two control transects in the adjacent field (Figure 7). The 

transects were offset 50 m and 100 m from the hedgerow itself. During the first few 

weeks of the survey, I walked the control transects on a bare field. Surveys on or after 25 

May 2018 were walked through a grass forage field. 
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Figure 7. Map of the DFWT HR1 hedgerow. The yellow numbers denote the flag locations (stations) along the main 
transect, with the yellow line indicating the primary route of land bird surveys. The additional lines represent the 
50 m (red) and 100 m (blue) control transects in adjacent field. Base map: 2009 orthophoto, BC WMS imagery. 

 

Other unique features that may contribute to the abundance and diversity of land birds 

using the Reference 1 hedgerow included: 

• Road parallel to the hedgerow; 
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• <50 m to drainage and irrigation ditches with riparian vegetation; and 

• Hedge-like vegetation and fruit trees parallel to road (Figure 8). 

 

 

 

Figure 8. Back side of DFWT HR1 hedgerow showing powerlines and hedgerow-like vegetation where land birds 
also sang. Photo taken 07 June 2018. 

 

 

2.4 DFWT HR2 

 

The DFWT HR2 hedgerow is west of Highway 17 in north Delta and within 1 km of the 

DFWT HR6 hedgerow (Figure 9). It is a well-established hedgerow, planted in 1998 and 

is relatively long with relatively high vegetation diversity. The entire property is 

bounded by this hedgerow, which incorporates a riparian area in section 10 that was 

established under DF&WT’s Field Margin Ditch Program. 
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Figure 9. Map of DFWT HR2 hedgerow in north Delta. The yellow numbers denote the flag locations (stations) 
along the transect, with the yellow line indicating the route of land bird surveys. Base map: 2009 orthophoto, BC 
WMS imagery. 

 

Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR2 hedgerow included: 

• Low-traffic road parallel to section 1; 

• Agricultural waterways parallel to the west and east sections; 

• Mowed grass strip between hedgerow and fence surrounding field (~3 m) (Figure 

10). 
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Figure 10. Looking east in section two of DFWT HR2 hedgerow - note the 3 m mowed grass margin. Photo taken 21 
June 2018. 
 
 

2.5  DFWT HR3 

 

The DFWT HR3 hedgerow is in some locations, less than 10 m from Highway 99, which 

lies to the east of the hedgerow (Figure 11). Among the planted hedgerows, DFWT HR3 

is the longest at 609 m total length. I added two control transects in the adjacent field at 

50 and 100 m offsets. 
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Figure 11. Map of DFWT HR3 hedgerow. The yellow numbers denote the flag locations (stations) along the main 
transect, with the yellow line indicating the main route of land bird surveys. The additional lines represent the 50 m 
(red) and 100 m (blue) control transects in adjacent field. Base map: 2009 orthophoto, BC WMS imagery. 

 

The adjacent field contained mixed grasses during the training period of field season, 

and during that time extra care was taken to avoid disturbing ground-nesting birds.  

 

Figure 12. Bird nest discovered during 50-m offset transect on 15 May 2018. 
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The field was plowed/tilled in late May to accommodate a pea crop; plants were 20 cm 

tall by mid-July. During wetted periods, the drainage ditch was crossed using a 

makeshift bridge at 50 m from the hedgerow. The vegetation bordering the drainage 

ditch was manually removed in mid-June. 

Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR3 hedgerow included: 

• Low-traffic road west of the hedgerow; 

• Noise disturbance from blueberry cannons and Highway 99;  

• Low connectivity to other woody vegetation; and 

• Gap in section two of hedgerow. 

 

2.6 DFWT HR4 

 

The DFWT HR4 hedgerow is near the DFWT HR5 hedgerow in south Delta and is the 

shortest hedgerow in the study. I maintained the 50-m transect established in 2016 

(Figure 13).  
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Figure 13. Map of DFWT HR4 hedgerow and 50 m offset transect. The yellow numbers denote the flag locations 
(stations) along the main transect, with the yellow line indicating my path during surveys. The additional line 
represents the 50 m control transect in the adjacent field. 
 

The control transect was located in a field dominated by reed canary grass (Phalaris 

arundinacea) that was >1.5 m tall by late May, thus obstructing visual observation of 

birds on the ground. The hedgerow width was trimmed by 40% in mid-June. 

Since the hedgerow was planted in 2003, the DFWT HR4 property was sold to a railway 

company. The abandoned farmhouse and barn, as well as workers’ vehicles and offices, 

make the property unique in this study (Figure 14). 

 

Figure 14. Buildings on the DFWT HR4 property include office trailers, and workers were on site during surveys 
that started after 0800 hrs. 
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Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR4 hedgerow included: 

• Medium-traffic road west of the hedgerow; 

• Ephemeral wetland just to the west of section one;  

• Manure pile behind section one of hedgerow in mid-June; 

• Workers on site after 0800 hrs; and 

• Small drainage ditch inside hedgerow. 

 

 

2.7 DFWT HR5 

 

The DFWT HR5 hedgerow is within 2 km of the DFWT HR4 hedgerow in south Delta. 

At the DFWT HR5 hedgerow, I duplicated the control transect from 2016 (50 m) and 

added an additional, 100-m control transect (Figure 15).  

 

Figure 15. Map of DFWT HR5 hedgerow including 50 m and 100 m offset transects. The yellow numbers denote the 
flag locations (stations) along the main transect, with the yellow line indicating my path during surveys. The 
additional lines represent the 50 m (red) and 100 m (blue) control transects in adjacent field. Base map: 2009 
orthophoto, BC WMS imagery. 
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The adjacent field was a hay field during the first half of the study, and consequently 

extra care was taken during control transects to avoid disturbing ground-nesting birds 

including especially Savannah Sparrows (Passerculus sandwichensis). Grass adjacent to 

the hedgerow was >1 m tall in May (Figure 16) but was mowed and baled for straw by 

mid-June (Figure 17). 

 

Figure 16. Tall grass in the field adjacent to DFWT HR5 hedgerow. Photo taken 15 May 2018. 
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Figure 17. A Savannah Sparrow singing from the piled straw bales from half the adjacent field. Photo taken 19 June 
2018. 

 

Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR5 hedgerow included: 

• Medium-traffic road west of the hedgerow; 

• Grass harvested and baled in mid-June; 

• Productive ditch to the east of the field, in which¸I observed a North American 

River Otter (Lontra canadensis) on 12 July 2018; 

• Cedar hedge bordering north field; and 

• Sparse, hedgerow-like vegetation on east side of field. 
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2.8 DFWT HR6 

 

The DFWT HR6 hedgerow is west of Highway 17 in north Delta and within 1 km of the 

DFWT HR2 hedgerow (Figure 18).  

 

Figure 18. Map of DFWT HR6 hedgerow: The yellow numbers denote the flag locations (stations) along the 
transect, with the yellow line indicating the route of land bird surveys. Base map: 2009 orthophoto, BC WMS 
imagery. 
 

The hedgerow has Tree Swallow (Tachycineta bicolor) nest boxes, but only one 

appeared to be in use during the 2018 breeding season. The nest boxes had not been 

cleaned out prior to this year’s nesting season. 

This hedgerow is unique because it has two distinct sections, one L-shaped and one 

linear. The linear section cut between two horse pastures (Figure 19) and the L-shaped 

section bordered an industrial building. 
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Figure 19. View looking west along linear portion of DFWT HR6 hedgerow. Photo taken 05 June 2018 

Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR6 hedgerow included: 

• Hedgerow-like vegetation surrounded the property; 

• Horse trails and active trail rides throughout property; and 

• Hedge-like blackberry vegetation along fence line parallel to section seven. 

 

 

2.9 DFWT HR7 

 

The DFWT HR7 hedgerow is the youngest planted hedgerow in the study with relatively 

low vegetation diversity. The hedgerow is located approximately 50 m from a slough-

type drainage ditch populated by wetland-associated birds such as dabbling ducks, Red-

winged Blackbirds (Agelaius phoeniceus), and Marsh Wrens (Cistothorus palustris). To 

the east of the hedgerow was a strawberry crop and to the west was a field of mixed 

grasses, fescue, clovers, and kale (likely remnant in the seedbank from previous year’s 

crop). Grasses adjacent to the hedgerow grew to hip height (~1 m) on the researcher 
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during field season. Control transects were handled with care due to ground-nesting 

Savannah Sparrows. 

 

Figure 20. View northeast along back side of DFWT HR7 hedgerow showing strawberry crop to the west and mixed 
grassland field to the east. Photo taken 25 May 2018. 

 

Figure 21. Map of DFWT HR7 hedgerow: The yellow numbers denote the flag locations (stations) along the 
transect, with the yellow line indicating the primary route of land bird surveys. The additional lines represent the 
50 m (red) and 100 m (blue) control transects in adjacent field. Base map: 2009 orthophoto, BC WMS imagery. 



24 

Other unique features that may contribute to the abundance and diversity of land birds 

using the DFWT HR7 hedgerow included: 

• Drainage ditch on north edge of adjacent field; and 

• Large, slough-like wetted area to southeast of hedgerow that supported dense 

cattails (Typhus latifolia) and wetland-associated birds 

 

 

2.10 Blackberry 

 

The blackberry hedgerow is located on Westham Island on the property northwest of 

Cropthorne Organic Farm. It occupies the northeast side of a drainage ditch between 

two farmed fields. Growth is mostly blackberry species less than 2 m high. The 

southwest side of the ditch contains a hedgerow wherein the blackberries were treated 

with foliar spray. Remnant plants included red elderberry (Sambucus racemosa) and 

red alder (Alnus rubra). Throughout the 2018 survey season, the adjacent field to the 

northeast ranged from bare soil to pea plants less than 1 m high. This hedgerow had the 

greatest length and least height of all hedgerows in the 2018 study. Like the Reference 2 
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hedgerow, it is a remnant (i.e. unplanted) hedgerow, but it is mostly composed of non-

native plant species.  

 

Figure 22. View northwest along blackberry hedgerow showing drainage ditch and adjacent fields, plus the treated 
hedgerow on the other side of the ditch. Photo 31 May 2018. 
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Figure 23. Map of blackberry hedgerow adjacent to drainage ditch on Westham Island farm. The yellow numbers 
denote the flag locations (stations) along the transect, with the yellow line indicating the route of land bird surveys. 
Base map: 2009 orthophoto, BC WMS imagery. 

 

Other unique features that may contribute to the abundance and diversity of land birds 

using the Blackberry hedgerow included: 

• <50 m to buildings in adjacent field; 

• Drainage ditch on back side of hedgerow; 

• Hedgerow on other side of drainage ditch primarily native shrubs with dead 

blackberry canes; and 

• Peas planted in early June.
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3.0 Methods 

 

3.1 Songbird Surveys along Hedgerows 

I modified standardized strip survey methods to assess bird behaviour and habitat 

associations (RIC 1999; BSC 2018). Each hedgerow was flagged at its start, at 50-m 

intervals, and its end. We recorded waypoints at each flag for later GIS mapping (UTM 

10N NAD 1983).  

I surveyed land birds from 15 minutes before sunrise to four hours after sunrise 

(approximately 0500 to 0900) from May to July. Each hedgerow transect was repeated 

on seven days. I rotated survey order to minimize time of day bias and the order of 

controls to minimize proximity bias. Where possible, the starting end of a transect was 

also rotated. 

For hedgerow transects, I walked parallel to the hedgerow approximately 5 m away. The 

total width of each transect was 50 m plus hedgerow width and ranged from 51.6 to 71.6 

m. For control transects, I walked in the adjacent field parallel to the hedgerow and at a 

distance of 50 ± 2 m or 100 ± 4 m. Control transect widths were 50.0 m.

 

Figure 24. Graphic depicting design of transects for land birds in hedgerows (not to scale). 
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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 3 min per 50 m section (27.8 cm/s), 

pausing to confirm species identification, count individuals, and record data. Data 

recorded included: 

• Date and hedgerow location; 

• Number of individuals by species; 

• 50 m section in which bird was observed; 

• Aural or visual detection (or both); 

• Whether the individual was observed in the hedgerow; 

• Weather category; 

• Start and end time of transect; 

• Behaviour code; and 

• Breeding code. 

Birds physically engaged with the hedgerow vegetation were considered hedgerow 

associated. We tallied and recorded birds flying over a transect in the section where the 

species was first observed, noting whether they flew more than 5 m above the 

vegetation.  

Surveyors recorded birds when walking in one direction along each transect. All birds 

were recorded, including those which could not be identified. We used photographs and 

short audio clips to confirm species identification when needed. 

For consistent detectability and observer efficiency, surveys were not conducted in 

heavy rain, heavy fog, or wind exceeding 28 km/hr (maximum 4 on the Beaufort Scale, 

“moderate breeze”). For safety, we rescheduled surveys when farm machinery was in 

operation or when pesticides had been applied to fields. Transects were modified as 

needed to avoid site-specific safety hazards including spinous plants and livestock. 

3.2 Vegetation Surveys 

The nine main hedgerows of the survey were assessed in 2016 (Sibbald 2016). Since 

significant growth was unlikely in the two years between studies, in 2018 I only surveyed 

the new blackberry hedgerow. The blackberry hedgerow was surveyed on 15 June 2018 
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using standard VRI methods that were used in 2016 to ensure the data were 

comparable. One hedgerow (DFWT HR4) was significantly trimmed in mid-June 2018 

and I re-surveyed that hedgerow’s width on 04 July 2018. 

At the centre of each 50 m hedgerow section along the blackberry hedgerow, one 10-m 

long vegetation survey was conducted. All plots were measured with an Eslon tape and 

temporarily flagged. Data were collected to sample both vegetation structure and 

composition. To assess structural diversity, each plot was stratified into three height 

layers: 

• A = >10 m 

• B1 = 2–10 m 

• B2 = <2 m 

In each 10-m section, I recorded 

• Date, time and location; 

• Representative width of the hedgerow section; 

• Representative height of the B1 layer; 

• Representative height of the B2 layer; 

• Height and diameter (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; and 

• UTM coordinates of plot centre. 

I used the midpoint of each cover class to provide a density estimate (Table 2). 
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Table 2. Six cover classes used in Daubenmire method 

Cover Class Range of Coverage Midpoint of Range 
1 < 5 % 2.5 % 
2 5 – 25 % 15.0 % 
3 25 – 50 % 37.5 % 
4 50 – 75 % 62.5 % 
5 75 – 95 % 85.0 % 
6 95 – 100 % 97.5 % 

 

 

Figure 25. Cover classes from LMH 25 2nd edition (BC 2010) used to visually assess vegetation cover. 

 

 

3.3 Data Summary 

All land bird surveys used in analyses were conducted from 15 minutes before sunrise to 

four hours after sunrise (approximately 0500 to 0900) on weekdays from 06 June to 12 

July 2016 and 04 June to 12 July 2018. I selected five survey days in each of the two 

years for which surveyors spent a similar amount of time on each hedgerow transect (i.e. 

about three minutes per 50-m section). Although breeding land bird abundance in 
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southwestern British Columbia peaks in May (RIC 1999), I chose later dates both to 

ensure consistency in methods and to reduce variability in the conditions of adjacent 

fields. Most fields destined for agricultural crops were tilled by the end of May. 

Relative abundance, species richness, and Simpson’s diversity of land birds were 

summarized separately for each 50-m section of each hedgerow and control transect. 

We omitted sections less than 50 m from data summaries to avoid skewing results. 

Values within each hedgerow were then averaged for each survey date and resulting 

mean values were then averaged across all five survey days to obtain one value of bird 

abundance, species richness, and Simpson’s diversity for each transect.  

Mean values were obtained separately for birds observed using the hedgerows 

(“hedgerow-associated”). Introduced European Starlings (Sturnus vulgaris) were 

excluded from data summaries. I excluded unknown species from the data summaries 

unless there was only one bird observed in that 50-m section or the bird was identified 

to genus or family and no other birds from that taxonomic group were observed in that 

section. 

I analyzed Simpson’s diversity of vegetation species in each hedgerow’s B1 layer. The 

midpoint value of the Daubenmire cover class recorded for each plant species was used 

as a proxy for its abundance. I calculated a grand mean for measures in each hedgerow 

from the hedgerow sections' results. I summarized hedgerow age, hedgerow volume, 

and the average number of trees per hedgerow section. 

I assessed relationships of land bird diversity with three characteristics of hedgerows:  

hedgerow age, hedgerow volume, and Simpson’s diversity of vegetation in the B1 layer 

(2-10 m) as they related to land bird diversity. The results of the vegetation analysis are 

being prepared for publication. The abundance and diversity results-by-hedgerow in 

2016 and 2018 follow. 
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4.0 Results and Discussion 

In 2018, the total species per hedgerow were greater in the reference hedgerows than 

any other planted hedgerow with the exception of the DFWT HR2 hedgerow (Appendix 

A). In 2016, the reference hedgerows had the greatest overall species per hedgerow 

(Schlechtleitner 2017). In total, 3458 individual birds were observed during the summer 

of 2018 (Appendix B). The reference hedgerows had higher mean land bird abundance, 

species richness, and Simpson’s Diversity than planted hedgerows in 2018, with the 

exception of abundance in the DFWT HR6 hedgerow. The data from 2016 are more 

variable (Appendix C). 

European Starlings and Savannah Sparrows were the two most abundant birds in both 

the 2016 and 2018 field seasons. In the 100 m control transect at the DFWT HR5 

hedgerow site, I observed a flock of 300 European Starlings on 11 July 2018. 

 

4.1 Species Abundance 

4.1.1 Abundance in 2016 

In 2016, the greatest total land bird abundance occurred in the Reference 1 hedgerow, 

followed by DFWT HR6, DFWT HR4, DFWT HR1, and Reference 2. Despite their 

relatively high abundance of all bird species, the DFWT HR6 and DFWT HR4 averages 

were much more variable than for the reference hedgerows (Figure 26). 
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Figure 26. Mean (±SD) land bird abundance per 50-m section of hedgerow for surveys (n = 5) conducted in June 
and July 2016. Values are reported for all birds observed, as well as for those that were physically engaged with 
hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 1970s 
(Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m from hedgerows in agricultural fields. 
 

The DFWT HR3 hedgerow had the lowest abundance for all birds as well as hedgerow-

associated birds. 

 

4.1.2 Abundance in 2018 

In 2018, the greatest mean land bird abundance for all birds occurred in the DFWT HR4 

and DFWT HR6 hedgerows, followed by the reference hedgerows. As in 2016, the 

DFWT HR6 and DFWT HR4 averages were much more variable than for the reference 

hedgerows (Figure 27). 
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Figure 27. Mean (±SD) land bird abundance per 50-m section of hedgerow for surveys (n = 5) conducted in June 
and July 2018. Values are reported for all birds observed, as well as for those that were physically engaged with 
hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 1970s 
(Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m and 100 m from hedgerows in agricultural fields. 

 

At sites with both 50 m and 100 m controls, the mean abundance per section appears 

similar at each offset within a site. For instance, the mean land bird abundance in the 

50-m transect is close to the mean land bird abundance in the 100-m transect at the 

DFWT HR3 site. The only noticeable difference in means between controls appears at 

the DFWT HR1 hedgerow site, and the variability is quite high in both its control 

transects. 

 

4.1.3 Abundance in Blackberry Hedgerow, 2018 

Total land bird abundance and hedgerow-associated land bird abundance differed at the 

blackberry hedgerow site (Figure 28).  
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Figure 28. Mean (±SD) land bird abundance per 50-m section of the blackberry hedgerow or surveys (n = 5) 
conducted in June and July 2018.  The "other side" values refer to birds observed on the hedgerow-like vegetation 
across the drainage ditch, and these surveys were conducted to assess whether bird abundance and diversity was 
higher in native vegetation on the same site. 

 

The blackberry hedgerow had the lowest mean abundance of land birds among all the 

hedgerows. As well, fewer land birds engaged with the blackberry hedgerow vegetation 

than with the red elderberry and red alder hedgerow on the other side of the drainage 

ditch.  

 

4.1.4 Abundance Discussion 

In both years, more birds were physically engaged with the reference hedgerow 

vegetation than with that of any other hedgerow in the study. Mature hedgerow 

vegetation may have elements that support greater numbers of land birds per 50 m 

section (e.g. height, structural complexity). 

On average, abundance was lower in 2018 than 2016. The decline could reflect the 

presence of fewer birds or could be due to a change in surveyor. The DFWT HR3 

hedgerow was the sole exception with greater abundance in 2018 than 2016. Plausible 

reasons for the increase include: 

• Actual increase in land bird use of the DFWT HR3 hedgerow; 

• Observer bias affecting detectability of birds at that site; or 
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• Decreased ambient noise (e.g. traffic, equipment) in 2018. 

The blackberry hedgerow supported the lowest abundance of land birds, suggesting it 

did not meet the needs of land birds as well as the planted hedgerows. 

 

 

4.2 Species Richness 

 

4.2.1 Species Richness in 2016 

The Reference 1 hedgerow had the highest total land bird species richness in 2016, 

followed by DFWT HR6, DFWT HR4, and Reference 2 (Figure 29). 

 

Figure 29. Mean (±SD) land bird species richness per 50-m section of hedgerow for surveys (n = 5) conducted in 
June and July 2016. Values are reported for all birds observed, as well as for those that were physically engaged 
with hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 
1970s (Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m from hedgerows in agricultural fields. 

 

Overall, the total land bird species richness was more variable than the hedgerow-

associated species richness. The reference hedgerows had the greatest species richness 
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of hedgerow-associated birds. In 2016, the species richness of the 50-m control 

transects was less than that of the corresponding hedgerow transect, and the control 

transects were less variable. 

 

 

4.2.2 Species Richness in 2018 

In 2018, the reference hedgerows had the greatest species richness for both total and 

hedgerow-associated land birds (Figure 30). 

 

Figure 30. Mean (±SD) land bird species richness per 50-m section of hedgerow for surveys (n = 5) conducted in 
June and July 2018. Values are reported for all birds observed, as well as for those that were physically engaged 
with hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 
1970s (Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m and 100 m from hedgerows in agricultural fields. 

 

Like 2016, the total land bird species richness in 2018 varied more than the 

corresponding hedgerow-associated species richness for that site. 
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4.2.3 Species Richness in Blackberry Hedgerow, 2018 

Species richness in the blackberry hedgerow was much lower than the other hedgerows 

(Figure 31). 

 

 

Figure 31. Mean (±SD) land bird species richness per 50-m section of the blackberry hedgerow or surveys (n = 5) 
conducted in June and July 2018.  The "other side" values refer to birds observed on the hedgerow-like vegetation 
across the drainage ditch, and these surveys were conducted to assess whether bird abundance and diversity was 
higher in native vegetation on the same site. 

 

During all seven transects at the blackberry hedgerow site, I observed four species of 

birds engaged with the blackberry hedgerow vegetation (Appendix A). The species 

richness of land birds engaged with the blackberry hedgerow vegetation was lower than 

the land birds associated with the red elderberry and red alder hedgerow on the other 

side of the drainage ditch. 

 

4.2.4 Richness Discussion 

Higher species richness at the reference hedgerow sites indicates that mature hedgerows 

and riparian forest may support greater land bird species diversity than younger 

hedgerows. Species richness (like abundance) decreased across all hedgerows from 2016 

to 2018 with two exceptions: the DFWT HR5 and DFWT HR3 hedgerows. Land bird 

species richness was moderately increased for DFWT HR5, but more than doubled for 
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total land birds and hedgerow-associated birds at the DFWT HR3 hedgerow site. 

Plausible reasons for the increase include: 

• Actual increase in land bird species of the DFWT HR3 hedgerow; 

• Observer bias affecting detectability or identification of birds at that site; or 

• Decreased ambient noise (e.g. traffic, equipment) in 2018. 

Few species of birds were associated with the blackberry hedgerow vegetation. These 

data suggest that many species of land birds prefer other vegetation or are unable to 

make use of blackberry plants for shelter.  Since Himalayan blackberries ripen in 

August, the hedgerow may attract more species, especially frugivores, later in the 

summer. 

 

4.3 Simpson’s Diversity 

 

4.3.1 Simpson’s Diversity of Land birds in 2016 

In 2016, the DFWT HR4 hedgerow supported the highest Simpson’s diversity of land 

birds, followed by DFWT HR6, then the reference hedgerows (Figure 32). 
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Figure 32. Mean (±SD) land bird Simpson’s diversity per 50-m section of hedgerow for surveys (n = 5) conducted in 
June and July 2016. Values are reported for all birds observed, as well as for those that were physically engaged 
with hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 
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1970s (Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m from hedgerows in agricultural fields. 

 

Hedgerow-associated land birds were consistently most diverse in the reference 

hedgerows, followed by the DFWT HR6 hedgerow. The mean Simpson’s diversity in 

each control hedgerow was lower than the hedgerow transect. The DFWT HR1 control 

transect had a lower Simpson’s diversity value than total land birds in the hedgerow 

transect. 

 

4.3.2 Simpson’s Diversity of Land birds in 2018 

The reference hedgerows had the greatest total and hedgerow-associated land bird 

Simpson’s diversity in 2018 (Figure 33). 

 

Figure 33. Mean (±SD) land bird Simpson’s diversity per 50-m section of hedgerow for surveys (n = 5) conducted in 
June and July 2018. Values are reported for all birds observed, as well as for those that were physically engaged 
with hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a hedgerow planted in the 
1970s (Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control values are for surveys 
conducted 50 m and 100 m from hedgerows in agricultural fields. 

 

The DFWT HR2 hedgerow had the next-highest hedgerow-associated land bird 
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Simpson’s diversity. For total Simpson’s diversity, the reference hedgerows were 

followed by DFWT HR6, then DFWT HR4 hedgerows. In 2018, Simpson’s diversity 

tended to be lower in the 50-m and 100-m control transects than the main hedgerow, 

and was highest at the DFWT HR4 site. 

 

4.3.3 Simpson’s Diversity of Land Birds in Blackberry hedgerow, 2018 

The Simpson’s diversity of land birds in the blackberry hedgerow transect was relatively 

low and highly variable (Figure 34). 

 

Figure 34. Mean (±SD) land bird abundance per 50-m section of the blackberry hedgerow or surveys (n = 5) 
conducted in June and July 2018.  The "other side" values refer to birds observed on the hedgerow-like vegetation 
across the drainage ditch, and these surveys were conducted to assess whether bird abundance and diversity was 
higher in native vegetation on the same site. Note that the mean Simpson’s diversity of hedgerow-associated land 
birds was 0.00  ± 0.00 for the 2018 blackberry surveys. 

 

The blackberry hedgerow had the lowest Simpson’s diversity of hedgerow-associated 

land birds in the study, but DFWT HR7 had lower total Simpson’s diversity. A greater 

diversity of birds used the nearby, native plant hedgerow than the blackberry hedgerow, 

which had a mean Simpson’s diversity of zero. 

 

4.3.4 Diversity Discussion 
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Simpson’s diversity decreased in most hedgerows from 2016 to 2018. However, the 

DFWT HR5, DFWT HR7, and DFWT HR3 hedgerows showed an increase in Simpson’s 

diversity. The DFWT HR5 and DFWT HR3 increases appear significant. Increased bird 

diversity in two hedgerows could be an actual or perceived increase.  

The DFWT HR4 control site had relatively high Simpson’s diversity in both years’ data. 

This is likely because there are a variety of unique features in the control transect, 

including trees and buildings, that are not present in other fields’ controls. When the 

grand mean of control transects is considered, controls have lower Simpson’s diversity 

than hedgerow transects in both years (Appendix D). 

 

5.0 Conclusion and Recommendations 

5.1 Considerations for Future Surveys 

Future hedgerow studies may benefit from allowing survey time to vary. At three 

minutes per 50-m section, all birds in a young hedgerow (e.g. DFWT HR7, Blackberry) 

can be observed, whereas only a percentage of birds present would be observed in an 

older hedgerow (e.g. Reference 1, DFWT HR2). We may be underestimating differences 

as a result. Alternatively, adjustments could be made for observer efficiency (e.g. 

counting singing males as two birds and accounting for the screening effects of habitat 

and species conspicuousness) (Emlen 1971). However, I suggest allowing survey time to 

vary to ensure that cryptic species are observed and recorded where possible. 

5.2 Hedgerow Program 

Based on my results, I recommend that DF&WT continue to plant structurally-diverse 

hedgerows to give a head start to bird communities that rely on lower strata. Since 

hedgerows and grass margins are often adjacent to drainage ditches, promoting 

stewardship of agricultural waterways as part of this program can help achieve an 

integrated, landscape-scale program. Because the Simpson’s diversity of land birds 

using the invasive blackberry hedgerow was very low, I recommend DF&WT continue to 

work with landowners to remove invasive plant species from hedgerows in order to 

support the highest possible diversity of wildlife.
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7.0 Appendices 
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Appendix A: Bird Species by Hedgerow 2018 

Table 3. Species observed during seven hedgerow transects each, 30 April - 12 July 2018. Species in bold had at least one hedgerow-associated sighting; unbolded entries 
represented species that were only observed flying over the transect or perched outside the hedgerow boundaries. Species observed solely in control transectst are not included. 

Reference 1 

American Goldfinch Eurasian Collared-Dove Song Sparrow 

American Robin European Starling Spotted Towhee 

Anna's Hummingbird Glaucous-winged Gull Swainson's Thrush 

Bald Eagle Golden-crowned Kinglet DFWT HR4's Warbler 

Bewick's Wren Great Blue Heron Tree Swallow 

Black-capped Chickadee House Finch Warbling Vireo 

Black-headed Grosbeak Hutton's Vireo Western Tanager 

Brown-headed Cowbird Mourning Dove White-crowned Sparrow 

Cedar Waxwing Northwestern Crow Wilson's Flycatcher 

Common Yellowthroat Orange-crowned Warbler Wilson's Warbler 

Dark-eyed Junco Pacific-slope Flycatcher Yellow Warbler 

Downy Woodpecker Ruby-crowned Kinglet Yellow-rumped warbler 

Total   36 species 
 

Reference 2 

American Goldfinch Common Yellowthroat Purple Finch 

American Robin Dark-eyed Junco Red-winged Blackbird 

Anna's Hummingbird Downy Woodpecker Ruby-crowned Kinglet 

Bald Eagle European Starling Savannah Sparrow 

Barn Swallow Golden-crowned Kinglet Song Sparrow 

Belted Kingfisher Golden-crowned Sparrow Spotted Towhee 

Bewick's Wren Great Blue Heron Swainson's Thrush 

Black-capped Chickadee Hermit Thrush Tree Swallow 

Black-headed Grosbeak House Finch  Warbling Vireo 

Brewer's Blackbird Hutton's Vireo Western Tanager 

Brown-headed Cowbird Lincoln's Sparrow Western Wood-pewee 

Bullock's Oriole MacGillivray's Warbler Wilson's Warbler 

Canada Goose Orange-crowned Warbler Yellow Warbler 
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Cedar Waxwing Pacific-slope Flycatcher Yellow-rumped Warbler 

Total   42 species 
 

DFWT HR1 

American Goldfinch Black-capped Chickadee Northwestern Crow 

American Robin Cedar Waxwing Savannah Sparrow 

Anna's Hummingbird Common Yellowthroat Song Sparrow 

Bald Eagle Eurasian Collared-Dove Spotted Towhee 

Barn Swallow European Starling White-crowned Sparrow 

Bewick's Wren MacGillivray's Warbler Yellow Warbler 

Total   18 species 
 

DFWT HR7 

American Robin Gadwall Osprey 

Barn Swallow  Killdeer Savannah Sparrow 

Common Yellowthroat Mallard White-crowned Sparrow 

European Starling Marsh Wren   

Total   11 species 
 

DFWT HR5 

American Goldfinch Eurasian Collared-Dove Northwestern Crow 

American Robin European Starling Rock Pigeon 

Bald Eagle Glaucous-winged Gull Savannah Sparrow 

Barn Swallow Golden-crowned Sparrow Song Sparrow 

Black-capped Chickadee Great Blue Heron DFWT HR4's Warbler 

Brown-headed Cowbird House Finch White-crowned Sparrow 

Cedar Waxwing Killdeer   

Common Yellowthroat Mourning Dove   

Total   22 species 
 

DFWT HR4 
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American Goldfinch Cedar Waxwing Killdeer 

American Robin  Common Yellowthroat Northwestern Crow 

Bald Eagle Dark-eyed Junco Red-winged Blackbird 

Barn Swallow Eurasian Collared-Dove Savannah Sparrow 

Black-capped Chickadee European Starling Song Sparrow 

Brown-headed Cowbird Great Blue Heron Spotted Towhee 

Bushtit House Finch Warbling Vireo 

Total   21 species 
 

DFWT HR3 

American Robin Dark-eyed Junco Savannah Sparrow 

American Goldfinch European Starling Song Sparrow 

Anna's Hummingbird  Glaucous-winged Gull Spotted Towhee 

Bald Eagle Great Horned Owl  DFWT HR4's Warbler 

Barn Swallow House Finch Tree Swallow 

Bewick's Wren House Sparrow Violet-green Swallow 

Black-capped Chickadee Killdeer Western Tanager 

Brewer's Blackbird Northwestern Crow Western Wood-pewee 

Brown-headed Cowbird Orange-crowned Warbler White-crowned Sparrow 

Cedar Waxwing Red-winged Blackbird Yellow Warbler 

Common Yellowthroat Rock Pigeon Yellow-rumped Warbler 

Total   33 species 
 

DFWT HR2 

American Goldfinch Dark-eyed Junco Orange-crowned Warbler 

American Robin Downy Woodpecker Purple Finch 

Anna's Hummingbird European Starling Red-tailed Hawk 

Barn Swallow Evening Grosbeak Rufous Hummingbird 

Bewick's Wren Glaucous-winged Gull Savannah Sparrow 

Black-capped Chickadee Golden-crowned Kinglet Song Sparrow 

Black-headed Grosbeak Golden-crowned Sparrow Spotted Towhee 

Brown-headed Cowbird House Finch Tree Swallow 
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Bullock's Oriole House Sparrow White-crowned Sparrow 

Cassin's Vireo Killdeer Wilson's Warbler 

Cedar Waxwing Northern Flicker Yellow Warbler 

Common Yellowthroat Northwestern Crow Yellow-rumped Warbler 

Total   36 species 
 

DFWT HR6 

American Goldfinch European Starling Rock Pigeon 

American Robin Glacous-winged Gull Rufous Hummingbird 

Anna's Hummingbird Golden-crowned Sparrow Savannah Sparrow 

Bald Eagle House Finch Song Sparrow 

Barn Swallow House Sparrow Spotted Towhee 

Black-capped Chickadee Mallard Tree Swallow 

Brewer's Blackbird Northwestern Crow Warbling Vireo 

Brown-headed Cowbird Orange-crowned Warbler White-crowned Sparrow 

Cedar Waxwing Pine Siskin Yellow Warbler 

Common Yellowthroat Purple Finch   

Total   29 species 
 

Blackberry 

American Goldfinch Cedar Waxwing Mallard 

American Robin Eurasian Collared-Dove Mourning Dove 

Anna's Hummingbird European Starling Ring-necked Pheasant 

Bald Eagle Fox Sparrow Rufous Hummingbird 

Barn Swallow Great Blue Heron Savannah Sparrow 

Brown-headed Cowbird House Sparrow Song Sparrow 

Canada Goose Killdeer White-crowned Sparrow 

Total   21 species 
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Appendix B: Number of Birds 

Observed by Species, 2018 

Table 4. Total number of birds observed during 133 
transects 30 April - 12 July 2018. Note that seven  of 
the eight instances of Red-tailed Hawk sightingss 
were in a hedgerow with a nest during seven 
separate transects. Seventy-one distinct species were 
observed plus the “unknown” group. Unknown count 
includes 5 gulls, 8 hummingbirds, 3 waterbirds 
(Anatidae), 6 sparrows, 4 swallows, and 8 warblers. 

Common name # 

American Goldfinch  159 

American Robin  266 

Anna's Hummingbird  28 

Bald Eagle  23 

Barn Swallow  318 

Black-Capped Chickadee 119 

Belted Kingfisher  1 

Bewick's Wren  14 

Brown-headed Cowbird  32 

Black-headed Grosbeak  12 

Brewer's Blackbird  3 

Bullock's Oriole  4 

Bushtit  2 

Canada Goose  60 

California Gull  2 

Cassin's Vireo  1 

Cedar Waxwing  128 

Cooper's Hawk  1 

Common Yellowthroat  76 

Dark-eyed Junco  12 

Downy Woodpecker  9 

Eurasian Collared Dove   13 

European Starling  925 

Evening Grosbeak  3 

Fox Sparrow  1 

Gadwall  2 

Great Blue Heron  16 

Golden-crowned Kinglet  10 

Golden-crowned Sparrow  15 

Great Horned Owl  1 

Glaucous-winged Gull  28 

Hermit Thrush  1 

House Finch  43 

House Sparrow  36 

Hutton's Vireo  3 

Killdeer  29 

Lincoln's Sparrow  2 

Mallard  10 

Marsh Wren  1 

McGillivray's Warbler  9 

Mourning Dove  6 

Northwestern Crow  51 

Northern Flicker  4 

Northern Harrier  1 

Orange-crowned Warbler  22 

Osprey  2 

Pine Siskin  1 

Pacific-slope Flycatcher  5 

Purple Finch  7 

Ruby-crowned Kinglet  5 

Ring-necked Pheasant  2 

Rock Pigeon  39 

Red-tailed Hawk  8 

Rufous Hummingbird  7 

Red-winged Blackbird  10 

Savannah Sparrow  332 

Song Sparrow  120 

Spotted Towhee  112 

Sharp-shinned Hawk  3 

Swainson's Thrush  7 

DFWT HR4's Warbler  3 

Tree Swallow  91 

Unknown  79 

Violet-green Swallow  3 

Warbling Vireo  6 

White-crowned Sparrow  43 

Western Tanager  5 

Western Wood-pewee  5 

Willow Flycatcher 1 

Wilson's Warbler  18 

Yellow Warbler  22 

Yellow-rumped Warbler  20 

Total 3458 
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Appendix C:  Summary Data used in Calculations 

 

Table 5. Means and standard deviations for measures averaged across five survey days in 2016 and 2018, respectively. Hedgerow sections less than 50 m were 
excluded from summary and subsequent analysis. European Starlings were also excluded. The last line in the "hedge associated" part of the table represents 
species engaged with vegetation on the other side of the drainage ditch from the blackberry hedgerow. 

Means per 50m section for each site in 2018          

 All Bird Species Hedge Associated Species 

SITE ABUNDANCE SD RICHNESS SD 
SIMPSONS 
DIVERSITY SD ABUNDANCE SD RICHNESS SD 

SIMPSONS 
DIVERSITY SD 

Reference 1 6.700 1.964 4.450 1.022 0.691 0.056 5.750 1.591 3.850 0.487 0.614 0.068 
Reference 2 6.778 2.528 4.622 1.183 0.672 0.096 5.467 1.891 3.933 1.038 0.643 0.092 
DFWT HR1 3 4.333 2.415 2.867 1.325 0.495 0.176 2.200 1.238 1.800 0.960 0.264 0.206 
DFWT HR7 4 3.050 1.771 1.600 0.379 0.235 0.073 1.150 0.822 0.700 0.371 0.049 0.067 
DFWT HR5 5 4.150 1.997 2.500 1.016 0.421 0.217 1.850 0.945 1.350 0.548 0.248 0.136 
DFWT HR4 6 8.300 4.563 4.200 1.754 0.587 0.190 1.600 0.822 1.400 0.822 0.261 0.247 
DFWT HR3 7 2.400 0.384 1.673 0.389 0.274 0.103 1.836 0.217 1.309 0.394 0.169 0.114 
DFWT HR2 8 3.982 0.660 2.909 0.472 0.502 0.104 2.818 0.747 2.291 0.594 0.425 0.121 
DFWT HR6 9 7.800 3.286 4.320 1.559 0.613 0.156 3.160 1.187 2.120 0.743 0.362 0.161 
Blackberry 10 0.767 0.439 0.417 0.283 0.098 0.132 0.067 0.037 0.067 0.037 0.000 0.000 

DFWT HR1-50 0.867 0.803 0.667 0.527 0.059 0.082 0.400 0.124 0.367 0.095 0.017 0.023 

DFWT HR1-
100 2.800 3.509 0.667 0.236 0.030 0.055       

DFWT HR7-50 1.800 1.374 0.900 0.379 0.059 0.054       

DFWT HR7-
100 2.200 0.959 1.150 0.285 0.118 0.030       

DFWT HR5-50 1.750 0.848 1.100 0.518 0.121 0.158       
DFWT HR5-
100 1.850 1.318 1.150 0.675 0.127 0.182       

DFWT HR4-50 5.500 4.563 2.200 0.570 0.324 0.073       

DFWT HR3-50 0.600 0.299 0.345 0.119 0.018 0.024       
DFWT HR3-
100 0.655 0.197 0.345 0.149 0.032 0.019       
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Means per 50m section for each site in 2016         

 All Bird Species Hedge Associated Species 

SITE ABUNDANCE SD RICHNESS SD 
SIMPSONS 
DIVERSITY SD ABUNDANCE SD RICHNESS SD 

SIMPSONS 
DIVERSITY SD 

Reference 1 12.950 0.959 6.000 1.016 0.711 0.083 7.350 1.925 3.900 0.418 0.592 0.081 

Reference 2 7.156 1.586 4.578 0.388 0.647 0.047 5.756 1.417 3.822 0.390 0.606 0.054 

DFWT HR1 3 8.733 4.252 4.467 1.520 0.611 0.178 3.867 1.017 2.067 0.723 0.299 0.117 

DFWT HR7 4 4.350 2.993 1.500 0.707 0.197 0.104 1.550 1.165 0.750 0.395 0.038 0.053 

DFWT HR5 5 3.650 1.475 1.850 0.285 0.262 0.066 1.450 0.647 1.000 0.500 0.113 0.159 

DFWT HR4 6 9.300 3.233 5.600 1.432 0.745 0.080 4.100 2.559 2.200 0.758 0.348 0.223 

DFWT HR3 7 1.400 0.361 0.782 0.189 0.091 0.031 0.818 0.346 0.527 0.197 0.047 0.028 

DFWT HR2 8 5.055 1.020 3.236 0.619 0.544 0.072 3.309 0.861 2.073 0.377 0.341 0.066 

DFWT HR6 9 10.760 4.855 5.720 0.844 0.744 0.042 4.320 1.622 2.360 0.590 0.405 0.100 

Blackberry 10 ND ND ND ND ND ND ND ND ND ND ND ND 

DFWT HR1-
50 1.800 0.506 1.467 0.380 0.246 0.102 ND ND ND ND ND ND 

DFWT HR1-
100 ND ND ND ND ND ND       
DFWT HR7-
50 ND ND ND ND ND ND       

DFWT HR7-
100 ND ND ND ND ND ND       
DFWT HR5-
50 1.900 0.224 1.150 0.224 0.142 0.061       
DFWT HR5-
100 ND ND ND ND ND ND       
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DFWT HR4-
50 3.700 1.037 2.700 0.908 0.488 0.173       
DFWT HR3-
50 ND ND ND ND ND ND       
DFWT HR3-
100 ND ND ND ND ND ND       
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Appendix D: Comparison between 2016 and 2018  

 

 

Figure 35. Mean (±SD) land bird species abundance and diversity per 50-m section of hedgerow for surveys (n = 5) 
conducted in June and July 2016 and 2018. Values are reported for all birds observed, as well as for those that were 
physically engaged with hedgerow vegetation (hedgerow-associated birds). Reference hedgerows include a 
hedgerow planted in the 1970s (Reference 1) and a hedgerow-like section of riparian habitat (Reference 2). Control 
values are for surveys conducted 50 m and 100 m from hedgerows in agricultural field 


