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ABSTRACT 

I studied the influence of water on placement of temtorîes and selection of nest 

sites by Winter Wrens (Trogloàytes troglodytespaczj?ais) in the Coastal Western 

Hemlock Dry Maritime subzone forests of British Columbia. Male Winter Wrens 

preferred to place their temitories in habitats influenced by water (riparian and moist), 

aithough access to these sites for some males was likely limited by the spatial arrangement 

of temtories. Strength of the association between Winter Wren temtories and water 

depended on local annual weather and likely available food. In wet years, Winter Wrens 

preferred habitats iduenced by water; whereas in dry years, Winter Wrens preferred 

habitats with large volumes of downed wood. Males chose nest sites in relatively open 

patches that had fewer trees and snags than the surrounding forest, and they preferred to 

build their nests near riparian systems. Creek banks and uptumed root masses were 

preferred by male Winter Wrens as nest substrates compared to logs, snags and branches. 

Riparian habitats may provide superior nesting oppominities for males because these 

habitats have moister microclimates, preferred nest substrates, and more diverse stand 

structure than other sites in the stand. Because of habitat selection by males, most 

potential nests available to females were near riparian systems. However, among these 

nestç, female Winter Wrens did not select nests that were closer to riparian systems, nor 

did they prefer any particular type of nest substrate. Nests occupied by females were more 

secure and easier to access than were unoccupied nests. 1 Iocated Song perches of Winter 

Wrens dong transects in young (40 to 60-year-old) and mature (80 to 120-year-old) forest 

and compared them with randody selected locations to examine habitat use over a range 



offorest conditions. Even at this broad scaie, Winter Wrens selected structurally complex 

patches of open forest. These patches were associated with riparian systerns and Iikely 

iduenced by Iight and moisture from gaps in the overstory canopy. Uprooted trees may 

have produced habitat patches for Winter Wrens that compensated for lack of riparian 

habitat in some stands. Because of its abundance, broad distribution, and habitat 

flexibility, the Winter Wren is an appropriate species for exarnining effects of forest 

practices on wildlife habitat in coastal forests of the Pacific Northwest- 
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General Introduction 

Winter Wrens (Ti-ogiodytes troglodytes) occur in the Northern Hemisphere of both 

the Old and New Worlds and are a cornmon resident (I: t. paczficus) in coastai British 

Columbia (Peterson 196 1, Godfrey 1986, Ehrlich et al. 1988). They are insectivorous 

birds preyed upon in southwestern British Columbia by Douglas squirrels (Tamiascztcrus 

douglasi, pers. observ), hawks (Accipiter sp., pers. observ.) and marten (Mmes 

amerzcuna, Nagorsen et al. 1989). Our knowledge of the ecology and habitat use of 

Wïnter Wrens relies largely on European studies (Armstrong 1956, Garson l98Oa, 1 %Ob, 

Wesolowski 1983), community studies and incidentai obsenrations because there have 

been few studies of the Winter Wren in the Pacific Northwest of North America 

(McLachlin 1983, Van Home and Bader 1990). Yet, the Winter Wren is ubiquitous in 

this region and an understanding of its autecology would contribute to Our knowledge of 

coastal ecosystems and their bird communities. 

Although Winter Wrens use a range of habitats, their abundance is correlated 

positively with habitats infiuenced by water, including those with kee water or those with 

moist soils (McLachlin 1983, Carey 1988, McGarigal and McComb 1992). However, 

littte is known about whether these habitats are important to Winter Wrens when they 

select territories and whether these habitats enhance reproductive success (Scoullar 1980, 

McLachlin 1983, Wesolowski 1983, Godfrey 1986, Manuwal 199 1). Riparian and moist 

habitats may be more desirable to Winter Wrens for foraging, nesting, and 

thermoregulation than dner habitats because of the more complex stand structure typical 

of such areas, stand microclimate, and presence of water (Hawthorn et al. 197 1, 

Armstrong and Whitehouse 1977, McLachlin 1983, Barrows 1986, Ehrlich et al. 1988). 



The difficulty in assessing why riparian habitats may be preferred by Winter Wrens occurs 

because of the inter-relationships between water and forest stand structure. Winter Wrens 

use areas of localized disturbance (e-g., tree Ml) that are associated with canopy openings 

and characterized by dense understory vegetation, downed wood, and uptumed roots 

(Wesolowski 1983, Godfrey 1986, Holmes and Robinson 1988, Tobalske et al. 1991). 

Because nparian habitats are subject to these localized disturbances, it is difficult to 

determine if Winter Wrens prefer riparian habitats o r  if they prefer the disturbed areas that 

occur in riparian habitats, or both. 

Riparian ecosystems are characterized by water flowing in channels and the 

nparian area adjacent to the channels. For this study 1 refer to the 'riparian ecosystern' as 

the 'riparian system', because my definition is limiteci to particular features or communities 

of the ecosystem. Typically, riparian areas have a high ratio of forest edge to area, a 

moister and cooler microclimate, standing water during al1 or part of the year, variable soi1 

moisture with periodic flooding, and greater horizontal and vertical stand structure. 

Combined these features induce distinct plant communities and a diversity of niches 

compared to the upland areas (Raedeke 1988, Stevens et al. 1995). The upland area 

begins where decreased moisture availability creates accompanying changes to plant 

species composition and physiognomy (Raedeke 1988). 

For the purposes of my study, 1 separate riparian systems into two classes creeks 

and streams. In my study area, creeks, compared to streams, usually have water 

throughout rnost of the breeding season, undercut banks along most of their length, gullied 

topography, strong gradients in microclimate (moisture, temperature, humidity), and 

overstory canopy gaps (edaphic gap, sensu Lertzman et al. 1996). Creeks channels were 



approximately 5-1 0 m wide, while stream channels were generdy <5 m wi-de (and 

included noticeable seeps). Although streams v q ,  they are usually seasonal with 

sporadic undercut banks and canopy gaps. Generaliy, the banks of narrower water 

charnels cornpared to those of wider channels have: vegetation with a greater influence 

on the aquatic zone; a narrower edge, wîth up to 100% canopy cover; a less distinct 

change in plant species composition; greater arnounts of terrestrial organic debris that 

enters into the channel; and, greater accumulations of downed wood (Bilby 1988). Many 

narrow riparian systems, unlike wide riparian systems, do not appear as visually distinct 

zones, but have subtle trans-riparian gradients within the forest matriv (Gregory et al. 

1 99 1, McGarigal and McComb 1992). 

Soi1 moisture is important to consider when assessing the relationship of water to 

wildlife habitat because stand structure, microclimate, plant communities and sorne animal 

comrnunities can change with the arnount of moisture in the soi1 (McLachlin 1983). Moist 

sites have higher water content in the soi1 compared to dry sites (Green and Klinka 1994). 

1 refer to these sites and their associated features and cornmunities as 'rnoist, mesic, or dry 

systems'. The terrestrial habitat in the riparian area of creeks and streams may have dry to 

moist systems present because quantity of soi1 moisture depends on the influence of slope 

and dope position on ground water. 

The Winter Wren, because of its association with riparian habitats, may be a good 

species for understanding the contribution that small riparian ecosystems make to wildlife 

habitat, and whether this contribution changes with features associated with channel size. 

As well, because forest management regimes are ofien reguiated by the occurrence of 

riparian habitats, the Winter Wren may provide insight for understanding the eEects of 



forest management practices on riparian habitat and for testing specific hypotheses about 

operational forestry treatments at the stand-level (Green and Klinka 1994, British 

Columbia Ministry of Forests and British Columbia Ministiy of Environment 1995a, 

1995b). Rotations of stands for timber change the availability and distribution of 

structural attributes for wildlife depending on the management regime (Oliver 198 1, 

Franklin and Spies 199 1, Hansen et al. 199 1, Keenan and Kimmins 1993), and thus 

potentiaiiy change the rate and direction of ecological succession and value of habitat 

(Hayes et al. 1997). 

For my thesis, 1 use a hierarchical, multi-stage approach to study habitat use and 

selection over several spatial scales (Van Home 1983, Aebischer et al. 1993, Orians and 

W~ttenberger 1991, Manly et al. 1993). 1 examine microhabitat (nest site and Song perch) 

and macrohabitat (territory) patch use by the Winter Wren in relation to riparian systems 

of unmanaged second-growth forest stands in coastal British Columbia. In Chapter 1, 1 

examine placement, spatial arrangement, and habitat of Winter Wren territones relative to 

systems iduenced by water, as an exarnple of macrohabitat use in stands of mature forest. 

In Chapter 2,1 examine selectivity by both male and female Winter Wrens for neçt 

substrates and nest sites relative to locations of nparian systems and availability of forest 

attributes. In Chapter 3, 1 further examine the relationship between temtorieç of males 

and nparian systems. 1 assess the importance of riparian systems to Winter Wrens for a 

broader area, and I determine whether riparian systems are equally important to Winter 

Wrens in both young and mature forests. 1 also descnbe microhabitats selected by Winter 

Wrens within their temtories. In Chapter 4,1 discuss the validity of my approach and the 

application of my research to forest management. 



Studv Area 

My study area is located dong the Sunshine Coast fiorn the Sechelt Peninsula to 

Powell River, British Columbia (Fig. 1). It iies mostly within the Coastal Western 

Hedock Dry Maritime subzone (CWHdm) (Meidinger and Pojar 199 1, Green and Klinka 

1994). The CWHdrn ranges in elevation frorn sea level to approximately 650 m and is 

characterized by warm, relatively dry summers, moist, mild winters, and little snowfall. 

Forests are dominated by Douglas-fir (Psezidotsiga memiesri), western redcedar (%ja 

plicala), and western hemiock (Tstrga heterophylh), with an understory of salal 

(Gaullheria shallon), red hucklebeny (Vacciniurn par/ifo(ium) and sword fem 

(Polystchum mzrnitzcm) (Green and Klinka 1994). Part of the study area (Roberts study 

block) is transitional between the CWHdm and the Coastal Western Hernlock Submontane 

Very Wet Maritime variant (CWHvml). The CWHvrn1 variant ranges in elevation from 

sea level or above the CWHdm to approximately 650 m and is characterized by a wet, 

humid climate with cool summers, mild winters, and little snowfd (Meidinger and Pojar 

199 1, Green and Klinka 1994). In the CWHvm 1, forests are dominated by western 

hernlock and amabilis fir (Abies amabilis) with lesser amounts of western redcedar. The 

understory is dorninated by red huckleberry and Aiaskan blueberry (Vaccinzzum 

alaskaense), and charactenzed by having a well-developed moss layer (primarily 

HylocomÏum ~plendens and Rhytidiadelphs loreus) and sparse herbs. 

The research discussed in Chapters 1 and 2 focuses on an unrnanaged, mature 

(approximately 80 to 120 years old) stand in the Roberts Creek Study Forest (4903S'N, 

l23O38 W; elevation 100 to 200 m). Ripanan systems within this stand have channels 

generally <IO m in width. One advantage of working in the Roberts Creek Study Forest 

was the mostly drier subzone, CWHdm, rather than the moister C W v m  1. The drier 

habitat may better express effects of riparian factors on habitat associations of Winter 





Wrens because habitat associations should be stronger and easier to detect when resources 

are limited. Other advantages were the mature forest, indicative of rotation age forest, 

and the homogeneity of the forest which would reduce confounding effects of age, slope, 

and aspect arnong study blocks. The disadvantages were aitered quantities and 

distributions of snags and downed wood due to extraction of cedar for shakes, including 

the associated road beds. 

In Chapter 3, I compare the distribution of Winter Wrens between two seral 

stages: young forest (40 to 60 years old) and mature forest (80 to 120 years old). These 

seral stages represent different disturbance regimes, in addition to different stages of 

growth. In the mature forest, remnant bumt snags and bumt downed wood indicate these 

stands originated after fires. Most young stands originated after clearcutting. Amounts 

and distributions of residual trees, snags and downed wood (including cut logs) may differ 

arnong stands in both seral stages. My study sites were on Crown land (Small Business 

Forest Enterprise Program) and within TFL 3 9 of MacMillan Bloedel Co. Ltd. 



Chanter 1. Temtories and Habitat of Winter Wrens in Mature Forest 

Introduction 

Variation arnong individuals as weii as environmental variation over tirne rnust be 

understood to identify the habitat needs of a species (Brown 1969, Sherry and Holmes 

1985, Ruggiero et al. 1988). Habitat within a temtory can provide food, cover and 

breeding sites, and the quality of this habitat affects reproductive success and survival of 

individuals (Roth 1976, Finch 1989% Bibby et al. 1992). In coastal forests of British 

Columbia (CWHvm 1 ), Winter Wrens show preference for particular types of habitat; 

although temtorial behaviour may cause sorne individuals to occupy less desirable habitats 

(McLachlin 1983). For male Winter Wrens, size (Cody and Cody 1972, Wesolowski 

1983) and location (McLachlin 1983, Van Home and Bader 1990) of temtories may 

depend on habitat quality. Therefore, if water has a strong influence on habitat quality, it 

should affect the location, size and shape of territories chosen by male Winter Wrens 

(Wiens 1985, Urban and Smith 1989). 

The territory that a male Winter Wren occupies may also be intluenced by the 

order in which individuais arrive at the breeding site, site tenacity of individuals, social 

dominance of individuals, and intraspecific competition between individuals (E3rown 

1969). Social dominance of an individual depends on age, previous expenence and vigour 

(Armstrong 1956, Brown 1969). Thus, social dominance directly affects size and shape of 

temtories, and indirectly affects locations of territories through intraspecific cornpetition. 

Intraspecific competition mediated by social dominance, can constrain sizes and shapes of 

temtories including their locations relative to one another. Temtory size of Winter Wrens 



ranges fiom 0.2 ha to 1.9 ha in mature second-growth forest (CWHvml) in coastal British 

Columbia (McLachlin 1983). Gaps (interterritorid spaces) between temtories of Winter 

Wrens appear to contain unused habitat. But these gaps rnay occur because males can be 

stimdated to sing in defense, against one another, over distances of more than 20 m, and 

this reduces aggressive encounters on temtory boundaries with neither male defending 

the gap (Armstrong and Whitehouse 1977, McLachlin 1983, Wesolowski 1983). Surplus 

males without temtories rnay then be prevented fiorn using these gaps due to the 

territorial singing behaviour of the adjacent males, andior because the gaps rnay have 

unsuitable habitat (Armstrong 1956, McLachlin 1983, Wesolowski 1987). 

In this chapter, 1 determine whether male Winter Wrens prefer sites influenced by 

water: creeks, both creeks and streams (as nparian systems in generd), and moist 

systems. Next, 1 determine if habitat selection by male Winter Wrens changes with 

characteristics of the local systerns and ifit varies among years. Although normaily, 

structure of habitat does not change substantially between years, local weather 

(precipitation and temperature) does change and could affect the availability of life 

requisires such as food (e-g., arthropods). As well, because territory holders and spatial 

configurations of temtories change annually, the social context can Vary between years. 1 

use randomization tests to examine whether suitabIe habitat is Iikely available, but unused 

by male Winter Wrens because access to habitat is limited by social dominance and 

intraspecific cornpetition. 



Methods 

Study Design and Data Collection 

I established 5 study blocks ranging fiom approximately 380 rn to 550 m in 

elevation at the Roberts Creek Study Forest, British Columbia (Fig. 2). To delineate the 

temtories of male Winter Wrens, 1 located their observed behaviours on maps of the study 

blocks (Verner 1985, McLachlin 1983, Bibby et al. 1992). 1 centered each study block on 

a creek to facilitate examination of the spatial distribution of temtories in relation to 

riparian habitats of these systems (Fig. 3). The study blocks in 1995 were 12 ha in size, 

extending, approximately 200 m beyond each side of the channel and 300 m along the 

channel. 1 enlarged the study blocks to 27 ha in 1996 and 1997 (300 m on each side of the 

channel and 450 m dong the channel) to map the tenitories more accurately and increase 

my sample of whole temtories. In al1 years, 1 mapped locations of Winter Wrens both 

inside and outside of the çtudy blocks to ensure that temtories dong the boundaries were 

mapped as whole temtones. Study blocks of 10 to 20 ha have been recornrnended as 

adequate for reducing edge effect and for censusing populations of breeding passerines 

(Vemer 1985, Bibby et al. 1992). My study blocks were gridded using slope correction 

(planimetric, 25 m x 25 m), and fiagged at 25-m intervals so that Winter Wrens could be 

located accurately on field maps. 

Male Winter Wrens were captured in mist nets (30 mm mesh, 6 rn long, 4 m high) 

fiom April to Iune 1995 and 1996. 1 played a taped Song (Ward and Hall 1984) every 5- 

10 min to imitate rivai conspecifics and draw territorial males to the net (Falls 198 1, 

McLachlin 1983, Porneluzi et d. 1993). Winter Wrens were banded with coded aiuminum 

bands (size O in 1995, size Oa in 1996, Environment Canada) and with coloured plastic 
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bands (2.3 mm inside diameter). 1 attached a maximum of 2 bands per leg. 

I determined the sex and age class, and measured the weight (g) and left wing 

chord (mm) of each captured individual. Winter Wrens are difficult to age and sex, and 

reliability is reduced with the darker colouration of iT: t. pacifins. I used the following 

cntena to distinguish adult males fiom adult females during the breeding season: males by 

Song, sexual display, and cloaca1 protuberance; females by incubation or presence of a 

brood patch (McLachlin 1983, Pyle et al. 1987). 1 used the following chamctenstics to 

separate hatching-year juveniles from after-hatching-year or second-year adults: 

yelIow/orange gape, down or evidence of moult, member of a brood, and immature Song 

of males used £tom June to October (McLachlin 1983, Pyle et al. 1987). 

For general surveys, 1 waked study blocks 2 to 3 times weekly, just afler dawn, 

fiom the rniddle or Iast week of April until the end of June. Surveys were systematic, but 

because bird behaviour changes over the day, 1 rotated route directions ensuring that 

coverage of the study blocks was not biased. 1 used a compass bearing and the horizontal 

distance from the nearest grid mzirker to map locations of birds with an accuracy of + 1 m. 

In 1995 and 1996, each individual bird was followed for up to 30 min each week. This 

improved my detection of territory boundaries by increasing the sample of behavioural 

observations. Because of financial constraints, 1 only conducted 5 general surveys per 

study block in 1997, 1 per week fiom the last week of April. These surveys included 

following birds for up to 30 min as in earlier years. 1 did not band individuals in 1997, but 

played taped songs at intervals throughout each study block to detect birds banded in 

1995 and 1996. In each study block, winter survey routes were walked once a week to 



locate banded individuals during Novernber 1995 (total of 3 surveys), February-March 

1996 (total of 3 surveys), and November 1996 (total of 2 surveys). 

1 defined temtory boundaries as the outermost detections of temtorial and other 

behaviours including: conspicuous singing by males and counter-singing males, aggressive 

encounters between 2 males and agonistic counter-chipping, nest locations, male displays 

to attract femaies, and carrying of food for Young. 1 observed few aggressive encounters 

between males. However, counter-singing males were comrnon and generally 20 m or 

farther apart as observed in other studies (McLachlin 1983, Wesolowski 1983). Gaps of 

undefended areas, outside of the temtory boundaries, occurred between adjacent Winter 

Wren temtories. These undefended areas are described as areas of "no man's land for 

the Shetkmd Wren (T. t. zef~mdicz~s), and as neutral areas between temtories for the St. 

Kilda Wren (T. t. hirtensis) (Armstrong and Whitehouse 1977). Although these 

undefended areas may be used by the males for activities such as foraging, 1 did not have 

enough detailed observations to delineate foraging areas, hence, I refer to territories in my 

study as core territones. 

1 had some incomplete territories in 1997 because 1 conducted fewer surveys than 

in previous years. To construct the boundaries of  these incomplete core temtories, I 

assumed a core territory was a standard rectangular shape, and used dimensions calculated 

frorn the average width and the average length of complete core temtones for that study 

block in 1997. The estimated core territory was positioned to include the existing 

observations. Where I lacked sufficient information to direct orientation of the temtov, 1 

randomly determined orientation with respect to the slope of the study block. 



Temtory boundaries fluctuated during the breeding season. In 1995 and 1996, 

some males vacated their temtories fo1iowing successful breeding, others had successive 

broods and extended their temtory boundaries with the second brood. The complete area 

used by a male over the season, with or without successive broods, was delineated as the 

core territory, except in one case, where a boundary shifted into an area vacated by a 

bordering male. 1 did not use this individual's new boundary to ensure that total area 

covered by core temtories of Winter Wrens was not accounted for twice in the stand-level 

analyses of habitat. 

Habitat Measurements 

I measured site characteristics to describe microclimate and forest structure that 

would provide security cover, escape cover, Song perches, nest substrates, and foraging 

substrates for Winter Wrens. Site characteristics included descriptions of water and 

ropography. Forest structure included measurements of amounts and dispersion of trees, 

snags and upturned root masses, and amounts of downed wood and vegetation. In my 

habitat analyses, the size categories that 1 devised for downed wood, snags and trees 

reflect both field observations of Winter Wrens (e-g., nests were in downed wood 

generally >30 cm dbh, and large diarneter snags were often used for song perches or nest 

substrates) and typicai forestry practices (e-g., hamest of trees generally >50 cm dbh, 

thinning of suppressed srnall trees, utilization standards for removing large pieces of 

wood, potential rernoval fiom second-growth forests of large, solid wood left afier first- 

p ass harvesting). 



Soil moisture was assessed through site senes classification, a tool developed for 

forest management (Luttermerding et ai. 1990, Green and Klinka 1994). Site series 

classification quantifies soi1 moisture content and soil nutrients, in addition to using 

indicator plant species. 1 had the area of moist (high soil moisture content, site series 06 

and 07), mesic (medium soil moisture content, site senes 01 and 05), and dry systems (low 

soil moisture content, site senes 03 and 04) mapped for the 12-ha study blocks (Green and 

Klinka 1994). For the 27-ha study blocks, 1 mapped with an accuracy of + 1 rn al1 the 

creeks and streams, and recorded locations of undercut banks. Creeks and streams were 

usually flowing at the beginning of the field season in Apnl, but many dried during the 

breeding period. 

I established 63 habitat grid points at the 50-rn x 50-m grid intervals of each 12-ha 

study block to systematically sample site characteristics and forest structural attributes. 

Sarnpling was limited to the 12-ha study blocks because fiinds were not available to collect 

data on the 27-ha extended study blocks. 1 recorded presence or absence of moist and 

riparian systems (creek, stream, seep if noticeable; Fig. 4) in a 0.02-ha circular plot at 

each habitat grid point. 1 also measured: horizontal distance to closest riparian system 

(creek or stream channel), slope, and aspect (Appendix A) at each habitat grid point. 1 

describe the detailed methods used to measure forest structural attributes at habitat grid 

points in Appendix A because these methods are referred to in the all chapters of rny 

thesis. 



Ri p ari an Flowing Water: 
creeks, streams, and seeps 

1 Upland Area I 

c 

Fig. 4. Relationships of different water sources available in the Roberts Creek Study 
Forest. In rny analyses, I examined habitat selection in relation to: a) al1 water - any site 
influenced by high soil moisture content or fiee flowing water; b) moist systems (moist) - 
a site with high soil rnoisture content (site series 06, 07); and c) riparian systems 
(riparian) - creeks, streams and seeps. The riparian system is comprised of the flowing 
water and the nparian area. 
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Ail Water Sources 4 
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Habitat Analyses 

1 used three approaches to examine the association between Winter Wrens and 

riparian systems. First, 1 sirnply compared the length of creek and Stream channels that 

occurred in territories (observed) with those that occurred overall in the study blocks 

(expected). Second, I used a randomization test to analyze whether habitats iduenced by 

water (riparian and moist systems) occurred in temtones of Winter Wrens (observed) 

more than in randornly placed individual temtones within study blocks (expected). I 

retained size and shape of the territones in this test, when I calculated the expected 

occurrence of these habitats, because sïze and shape of territories reflect social dominance 

and thus may constrain the availability of riparian systems (or other attributes) to Winter 

Wrens. Third, 1 used another randomization test in which 1 calculated expected arnounts 

of habitats duenced by water, when the observed configuration of temtories (Le., their 

spatial location relative to one another produced by intraspecific cornpetition), as weli as 

size and shape of territories, is maintained during random placement. 1 maintained 

temtory configuration because intraspecific cornpetition could fûrther constrain 

availability of nparïan systems (or other attributes). 

Riparian index 

If water is an important feature of Winter Wren habitat then core tenitones of 

Winter Wrens should be associated with nparian systems. I determine whether the total 

length of riparian charme1 ( d a )  found within territories is the same as that within the 

study block. 1 examined the length of riparian channels within Winter Wren temtones for 

two categories: 'creeks' and 'creeks and strearns'. For each study block, I calculated the 

foliowing riparian index (R): 



R = c t i L /  xriAt) (LdAl3) 

where, for each study block: 

L, is the length (m) of the riparian channel within a core territory ( t);  

A, is the total area (m2) within a core territory; 

LB is the total channel length (m) within the study block; and 

AB is the total area (m2) within the study block. 

A riparian index of >l indicates core territories of Winter Wrens in the study block 

are associated positively with the riparian systems. The greater the riparian index is above 

1, the stronger the positive association of Winter Wrens with the riparian systems. 1 

calculated riparian indices for both 'creeks', as well as for 'creeks and streams' within 

each study block to determine ifcreeks, as riparian systems (Fig. 4), influenced behaviour 

of Winter Wrens differently than all the creeks and streams together as riparian systems. 

Total area of each study block varied each year because it was calculated as actual area 

traversed by observers. If part of a study block was inaccessible and not traversed, it was 

not included- 1 enlarged the areas of study blocks to include movements of Winter Wrens 

dong the boundaries of the study blocks. Generally, Ïfa study block was enlarged the 

whole boundaiy line was extended to maintain the rectangular shape and to ensure that the 

outermost activities were detected by observers. If riparian systems are important for 

Winter Wrens, then I expected that in al1 study blocks the riparian indices for 'creeks' and 

for 'creeks and streams' should be >1 indicating positive associations. However, if only 

'creeks' were important for Winter Wrens, then for dl the study blocks, the riparian 

indices for 'creeks' would be >1, but the riparian indices for 'creeks and streams' would 

not be consistentfy > 1 - 



Randomization tesis 

I used two randornization tests (Edgington 1995) to determine if core temtories 

were selected by Winter Wrens with respect to specific habitat attributes. These 

randomization tests generated random placement of core territories on the habitat grids for 

each study block. This enabled me to statisticaily test for spatial cross-correlation 

between the locations of the core temtories and an identified habitat attribute of interest 

(e-g., volume of downed wood) (Nemec 1997). Randomization tests are non-parametic, 

and measurements (continuous or discrete) do not have to be transformed for normality 

Randomization tests can accommodate different random assignment procedures using data 

collected by non-random sarnpling (e-g., systematic sarnpling as with my habitat grid 

points) (Edgington 1995). In addition, these tests make an allowance for spatial 

autocorrelation (Le., my habitat samples within territories are clustered); whereas 

standard (parametric and non-parametric) two-sample tests do not make this alIowance 

and ignore the spatial distribution of the two samples (Le., sample points within territories 

and sample points outside of temtories). 

In addition to the statistical reasons cited previously, 1 retained temtory size and 

shape (social dominance as a social factor) in the first randornization test (Ranhab 1) to 

incorporate the potential iduence of Winter Wren behaviour on selection of habitat. The 

size and shape of territories could a e c t  habitat availability when testing for habitat 

selection. These temtory features could limit access of Winter Wrens to normally 

avaiIable habitat. Hence, the amount of available habitat would be overestimated. If 1 fail 

to account for this social factor, my test for preference or avoidance would be 

comprornised. 



The random coordinates in Ranhabl were generated for each temtory polygon so 

that: 1) core temtones did not overlap, and 2) sizes, shapes, and densities of core 

temtones were k e d  such that at least part of the boundary of each core territory 

remained within the habitat grid. The random placements of core territories in Ranhabl 

resulted in many different configurations of temtones. 

In the second randomization test (RanhabZ), 1 retained temtory size and shape, but 

1 also retained the observed configuration of temtories. This fixed configuration of 

temtories was then randomly placed in the study block. 1 did not Vary the spatial location 

of temtories relative to one another because 1 wanted to account for intraspecific 

competition. This social factor may fürther lirnit access to habitat (Fig. 5). Randorn CO- 

ordinates were generated in Ranhab2 such that densities of core temtories were fixed and 

at least part of the boundary of each core temtory remained within the habitat grid. If1 

used Ranhab 1 and found a non-significant relationship for selectivity, then 1 retested with 

Ranhab2 (Fig. 5) to determine if available habitat for Winter Wrens was limited by 

intraspecific competition. 

1 conducted separate tests to determine if Winter Wrens show selectivity for the 

following attributes: water, riparian system, moist system and downed wood. I included 

volume of downed wood because downed wood is important for nesting and foraging 

habitat of Winter Wrens (Holmes and Robinson 1988, Van Home and Bader 1990, Savard 

et al. 1995). Each habitat attribute was analysed separately by study block and by year 

(Aebischer et al. 1993). 

To test whether there was more than a chance alignment of the core territories 

with a habitat attnbute, 1 calculated the mean value of each habitat attribute of interest for 



Ranhab 1: Randomization test retaining size and shape of territories - 

not siPonificant \ 
Temtories are Iocated 1 
in good quality habitai. ( I Ranhab2: Randomization test retaining size, 

shape, and configuration of territones 

Territones are Iocated where there is good quality habitat 
Gaps between temtones may contain good quality 
habitat, but these gaps may not be occupied by Winter 
Wrens due to intraspecific competition. 

not signihcant 

Habitat attributes do not 
influence placement of Winter 
Wren territories. 

Fig. 5.  Ecological interpretations of habitat use and selection based on s igdcant  
outcornes of statistical programs Ranhab I and Ranhab2. 



the observed placement of the core temtories, and for each of 1000 random placements of 

the core temtories for each study block. I used the habitat grid points that were within the 

boundaries of each core temtory to calculate the mean value for the habitat attribute of 

interest in the territory Then, 1 calculated the grand rnean fiom the means of individual 

core temtories for a given random placement. For the randornization test, I calcutated the 

grand mean values for 1000 random placements of core territoies, and 1 produced an 

ernpiricai distribution of these grand mean values. 1 used this distribution to assess the 

statistical significance of the observed grand rnean, by determinhg the proportion of the 

grand mean vdues in the empirical distribution, less than or equd to the observed grand 

mean value that 1 had calculated (e-g., if 10 of the 1000 grand means were 5 the observed 

grand mean, then P= 10/1000=0.0 1). If this proportion (Le., estimated P-value) was 

<O. 10, 1 rejected the nul1 hypotheçis at the alpha=O. 10 level of significance that there is no - 

association between temtory location and the habitat attribute. 1 used a critical vahe of 

alpha=O. 10, rather than the traditional alpha=0.05, because these are exploratov analyses. 

1 interpreted a significant probability in the upper tail portion of the empirical distribution 

as meaning that the observed core territories were more likely located where there was 

more of the habitat attribute, than if core temtories were randomly placed (e-g., core 

territories are more likely to be located where there is greater volume of downed wood). 1 

interpreted a significant probability in the lower tait portion of the empiricai distribution as 

meaning that core temtories were more likely located where there was less of the habitat 

attribute, than if core temitories were randomly placed. 



Habitat attributes and riparian systems wi~hin stzi4 blockr 

1 used Spearman correlations to determine which habitat attributes (dependent 

variable) were associated with riparian systems (distance to water as the independent 

variable). To increase my sarnple size fiorn the creeks (n = 63-71 per study block) for 

these analyses, 1 used additional sarnples from dong the main creek channels centered in 

the study blocks. 1 chose to present only the significant correlations (alpha=0.05) for a 

subset of attributes because of the large number of variables (see Appendix A). To reduce 

the number of variables, 1 elirninated: one of a pair of highiy correlated variables; 

attributes with similar ecologicd interpretations; those that did not show trends across 

study blocks (potentially spurious correlations). 

Results 

Banded Winter Wrens and Retums of Individuais 

1 banded male Winter Wrens Iater during the breeding season in 1996 than 

in 1995 because of rain and Iow temperatures. 1 captured most Winter Wrens within 

several attempts in 1995, but in 1996, I was unable to capture an individual if my initial 

attempt was unsuccessful. Winter Wrens were not caught and banded in 1997. The 

percent of male Winter Wrens that had leg bands and held territories were: 69% (24/35) 

in 1995, 42% (1 9/45) in 1996, and 12% (5142) in 1997 (Table 1). Forty-two percent 

(10/24) of al1 banded males fiom 1995 retumed to the study area in 1996. Three of these 

males, however, did not reestablish temtories at their previous temtory location or 

anywhere else within the study blocks. In 1997, there was a 21% (4/19) retum of banded 



Table 1. Number of male Winter Wrens banded during 1995 and 1996 and percent return 
during the breeding seasons in 1996 and 1997. 

Study Year Study Number of Nurnber of Number of banded 
block block territory temtories wrens returning from 

area holders (percent) previous years with 
(ha) with banded territories 

wrens 
Wilson 1995 16.9 73 5 

1996 
1997 

Flume 1995 
1996 
1997 

Clack 1995 
1996 
1997 

Gough 1995 
1996 
1997 

Roberts 1995 
1996 
1997 

Total 1995 
1996 
1997 132.0 42 5 ' (12) 5' 

1 One of the males that r e m e d  was banded in 1995 but had not returned in 1996. 
' ~umber  does not include the 3 males that retumed but did not reoccupy temtories in the study blocks. - 
'hcludes a territory in which a male was banded (or attempt made) but 6% of the temtory area was in 
the study block 



maies fiom 1996: 3 were banded in 1996 and 1 was banded in 1995. A f3I.h banded male 

that rehirned in 1997 (5%, 1/19) was captured and banded in 1995, but had not retumed 

in 1996. 

Winter Wrens at the Roberts Creek Study Forest may move to lower altitudes 

during winter and return to higher altitudes during spring. Winter surveys during 

November 1995, FebruaryMarch 1996 and November 1996 resulted in few detections of 

Winter Wrens, alI unbanded (0-6 per study block). During surveys in November 1996,Z 

banded Winter Wrens were seen together in Wilson, the lowest elevation study block (380 

m). Neither of these birds retumed to Wilson in 1997. Other possible evidence of 

seasonai movement by Winter Wrens was that most Winter Wrens, banded fiom the 

previous years, were gradually reobserved in the spnng during the first 3 weeks of 

surveys. Ninety-one percent (32/3 5) of temtories in 1995 and 84% (3 8/45) of temtories 

in 1996 were known to be occupied by successfuiiy breeding males. Twenty-three percent 

(8/35) of successfûlly breeding males had at Ieast 2 broods in 1995, while 24% (1 1/45) of 

successfuIly breeding males had at least 2 broods in 1996. Some core territories had nests 

located near their boundaries: 27% of temtories had nests within 1 m of their boundary in 

1995 and 37% in 1996. 

Both males and femaies fed nestlings. Males fed arthropods to newly fledged 

broods regardless of whether the fledglings were accornpanied by a female. New 

fledglings followed the male as he issued a distinctive Song. Occasionally, a male with a 

female and their brood entered other males' temtories to forage. Several males with their 

broods disappeared from the study blocks, and I observed most of these males again on 

their tenitories later in the same season- In June 1995 and 1996, several new males 



established themselves in unoccupied areas or areas that temtory holders had abandoned 

in the study blocks. These may have been surplus males or males that had unsuccessful 

territories in other locations. 

Systems Iduenced by Water, Habitat Attributes and Annual Weather 

Although predominantly mesic, the 5 study blocks had various amounts of riparian 

and rnoist systems (Fig. 6).  Clack, Flurne and Wilson had small amounts of their area in 

moist systems (2-8%), and various arnounts of total length of riparian systems (685-1 197 

m). Roberts and Gough both had greater representation of moist systems (15-28%) and 

riparian systems (1 140- 1455 m). The 5 study blocks formed 2 broad groups: Roberts 

and Gough were relatively moist study blocks and Clack, Flurne and Wilson were 

relatively dry. 

Riparian habitats are characterized by a suite of attributes (Table 2), thus I could 

not separate whether Winter Wrens were selecting for the habitat type, specific attributes 

of the riparian Channel, or both. Cover of vegetation (ferns and deciduous shmbs) 

occurred in higher densities near riparian systems; whereas small and medium live tree 

stems, small snags and cover of Iow shnibs (moaly evergreen saial- Gatrltheria shaIIon - 

except in Roberts) occurred in greater densities away fiom riparian systems. Although 

correlations between the habitat attributes and distance to water varied in magnitude 

arnong study blocks (Table 2), they reflect general relationships for the Roberts Creek 

Study Forest. 

I ranked years based on weather during the breeding season and weather during 

the preceding winter: 1995-dry/mild, 1996-wettesthnild, and 1997-wetkevere (Table 3). 



e 
Roberts 

Gough 

Hume Clack 

Length of nparian system (m) 

Fig. 6 .  Length of riparian systems as metres o f  creeks and streams and percent cover of 
moist systems (site series 06, 07) in the 5 study blocks. 



Table 2. Spearman correlation coefficients between habitat attributes and distance to 
riparian systems for P50.05. 

Studv blocks 
I 

Wilson FIume Clack Gough Roberts 
Attribute rs rs rs rs rs 
fems and deciduous s h b s  (%) -0.27 -0.59 -0.45 -0.26 -0.23' 
fems (%) -0.37 -0.50 -0.42 -0.29 
shmbs c0.5 m high (%12 
snags 51 O m high (stemsha) 
live stems < 10 cm dbh (stemsha) 
live stems 30-49 cm dbh (stemsk) 0.48 0.42' 0.29 
1 

0.30 
Indicates 0.05CPO. IO. 

' ~ o s t l ~  evergreen species (salal) in this estimate of cover. 



Table 3. Precipitation (PPT.) and temperature (Temp.) at the Sechelt Weather Station 0307 during the breeding season of Winter Wrens 
1995 to 1997 and snowfall during the previous winter (Environment Canada, Sechelt 5W (1 995 and 1997) and Merry Island (1 996)). 

- - - - - - - - - -- -- 

April 1 6 to Mean Ternp. Tot al Total days of Snowfall in Ranking by PPT. and 
May 3 1 temp. (OC)' range PPT. PPT, previous winter conditions 

(n=46 days) (OC) ' (rnrnl2 (mm) winter (cm) 
1995 15.3 8.1-22.5 4 1 8 16 DryfMild 
1996 1 2 , O  7.3-17,3 150 30 14 WettestMld 
1997 14.4 7.4-23.4 131 24 15 1 Wet/Severe 

' ~ r o n i  daily iiiasiiiiiiiii tciiipcraturcs 
2 
Rairi 



Weather data for the main breeding season (April 15 - May 30) were collected at Sechelt 

Weather Station 0307 (elevation 100 m) approximately 8 km fiom the Roberts Creek 

Study Forest. Weather during the breeding season in 1995 was warmer and dner than for 

the sarne period in 1996 and 1997. The mild winters (November-March) preceding each 

breeding year were typical for the CWHdm dunng 1994- 1995 and 1995-1996 with 16 and 

14 cm of snow, respectively (Environment Canada Sechelt 5W data). The winter of 1996- 

1997 was unusudly severe with 15 1 cm of snow (Environment Canada, M e q  Island data 

adjusted as 30 % less than Sechelt 5W for November and December 1996). 

The temperatures and precipitation (rain) for 1995 and 1996 were in the extremes 

of their ranges for the past several decades. At the Gibsons Gower Point Station 

('Environment Canada), located approximately 10 km fiom the Roberts Creek Study 

Forest, the monthly average of mean daily temperatures for May from 1970 to 1997 

ranged fiom 10.3 to 14.2 OC, (average 12.33 OC, 1-03 SD, n=27 years). The warmest year 

in this penod was 1995 (14.2 OC), while 1997 (13.7 OC) was mid-range, and 1996 (1 1.2"C) 

was in the lower-range. The total amount of precipitation for May fiorn 196 1 to 1997 

ranged from 12.7 to 153.6 mm (average 70.76 mm, 39.67 SD, n=36 years) with 1995 

(25.5 mm) in the lower-range, 1997 (89.6 mm) mid-range, and 1996 (139.9 mm) in the 

upper-range. 



Muence of Water and Weather on Spatial Distribution of Temtories 

Distribution of territories on s t u 4  blocks 

During 1995 to 1997, core temtories of male Winter Wrens that were completely 

rnapped ranged fkom 0.37-2.38 ha. The average size of core temtories per study block 

ranged from 0.72 - 1.46 ha: 1-04 (0.38 SD, n=7) - 1-46 (0.70 SD, n=6) ha in 1995, 0.72 

(0.19 SD, n=8) - 1.44 (0.61 SD, n=7) ha in 1996, and 0.68 (0.32 SD, n 4 )  - 1.15 (0.32 

SD, n=4) ha in 1997. Collectively, core temtones (those completely and parîiaily 

mapped) covered o d y  a portion of each study block in any year (Table 4). The unused 

portions of study blocks occurred as gaps between the core temtories in both riparian and 

upland areas (Fig. 3). The presence of gaps supported the hypothesis (Fig. 5) that 

undefended gaps occur among temtories. 

The proportions of the smdy blocks occupied by core temtories were lower in 

1996 than in 1995, and this may be due to changes in behaviour related to changes in 

annuai weather. The density of Winter Wrens was slightly higher in 1995, suggesting that 

more birds may have been able to use the sarne area (Table 4). However, my cdculation 

may have overestimated density because smaller study blocks were used in 1995 and 1 

assumed that edge territories made equal contributions to density of Winter Wrens as did 

whole territories (Le., smaller blocks and thus more edge effect). If 1 count partial 

temtories as contributing 0.5 of an individual and whole temtories as contributing 1 .O of 

an individual, and use a fixed 12-ha study block each year, there was no consistent trend in 

density by year and block (Table 4). In 1997, there was a further decrease in the 

proportion of study blocks occupied by core territories of male Winter Wrens (Table 4), 



l'able 4. Total rreas of study blocks, proportions of study blocks within core territories, densities of Winter Wrens, and riparian indices 
(Equation 1) by study block and year. 

Riparian index 3- 

Study block Year Study block area Proportion Winter Wrendha Winter Wrenslha Creeks Creeks and 
(lia) of study block in (full block) ( 1  2-ha block)' 

territories 
strearns 

Wilson 1995 16.9 0.34 0.36' 0,33 2.04 2.22 
1996 
1997 

FIume 1995 
1 996 
1997 

Clack 1995 
1996 
1997 

Gough 1995 
1996 
1997 

Roberts 1995 
1996 

1 Excludcd a tcrriiory wlicrc <5% of tlic tcrritory arca was in tlic study block. 
'~ounted partial lcrritorics (i.c., ~liosc on boundary edgcs) as only contributing 0.5 to dciisity of Wintcr Wrcns. 
'sec Mctliods. 



and my short field season Iimits my ability to explain this decrease. The size of core 

territories may have decreased in 1997 because 1 conducted fewer surveys and under 

estimated some boundaries of the core temtories. Alternatively, the decrease in the 

proportions of study blocks in core temtones may be related to the higher turnover of 

territory holders (e.g., Flume) a d o r  low retum of territory holders (e-g., Wilson) 

following the deep snow in 1996/1997 (Tables 1 and 3). 

Do Winler Wrens select riparian systerns? 

The riparian indices for the patterns of temtones in the 5 study blocks were 

consistently X . 0  (Table 4), indicating core territories had positive associations with both 

'creeks' and 'creeks and strearns' in the 5 study blocks. Hence, Winter Wrens were 

associated with 'creeks and streams' and, although male Winter Wrens occupy areas dong 

the creeks, selection for territory is best explained by considering the broader definition of 

riparian systems (Le., 'creeks and strearns'). 

Does seasonal weather influence importance of riparian systems to Whter Wrens? 

Temtorial male Wmter Wrens were associated positively with riparian systems, but 

the values for the nparian indices, thus strength of the association, varied among study 

blocks and years. 1 expected variation among riparian indices because variation in habitat, 

turnover of individuai tenitory holders, and weather could affect patterns of habitat use. 

A cornparison of riparian indices for 'creeks and streams' for each study block by year 

demonstrates how weather rnay influence the importance of nparian systems to Winter 

Wrens (Fig. 7). Riparian indices ('creeks and strearns') were smaller in 1995 than in 1996 



Fig. 7. Effects of riparian systems ('creeks and strearns') and weather on riparian index of 
Winter Wrens. Study blocks are ordered fiom the greatest amount of riparian and moist 
systems (Roberts) to the least arnounts o f  riparian and moist systems (Wilson) (Fig. 6).  
The larger the nparian index the stronger the positive association of the core territories 
with riparian systems. Years are ranked based on weather during breeding season (dry, 
wet, wettest) and winter pnor to breeding season (mild or severe) (Table 3). 



for the dry study blocks (Wilson, Flume and Ciack) although the portion of study biock 

occupied by core territories was greater in 1995. The 1995 summer was characterized by 

a warmer, drier climate that had been preceded by a rnild winter; whereas the 1996 

sumrner was characterized by a wetter, cooler clirnate also proceeded by a mild winter. 

Thus, male Winter Wrens in dry study blocks appear to be less strongly associated with 

riparian systerns in drier, warmer years, but more strongly associated with riparian systems 

in wetter, cooler years. The riparian indices for 'creeks and streams' in the moist study 

blocks (Gough and Roberts) were greater in the dner, warmer year (1995) and smaller in 

the wetter, cooler year (1996). Thus male Winter Wrens in moist study blocks appeared 

more strongly associated with riparian systems in drier, warmer years than in the wetter, 

cooler years. This opposite trend to  that in the dry study blocks is unexpected because 

core territories of Winter Wrens in moist study blocks, sirnilar to those in dry study 

blocks, tended to occupy a larger portion of the study block in the drier, warmer year. 

Wilson, the study block with the ieast amounts of riparian and rnoist systems had the 

highest indices, and showed the strongest associations between Winter Wrens and riparian 

habitat in all years. 

The nparian indices for Clack and Wilson were srnaller in 1997 than in 1996 

indicating associations of Winter Wrens with riparian systems were not as strong in 1997 

as in 1996. But, the nparian indices for Gough and Roberts were larger in 1997 indicating 

a stronger association of Winter Wrens with nparian systems. Except for Flume, the 

nparim indices showed the sarne patterns of Winter Wren association with riparian 

systems by study block in 1997 as in 1995. This coincided with a warmer, slightly dner 

sumrner in 1997. The riparian index for Flurne increased substantially in 1997 (Table 4, 



Fig. 7) because one half of the study block lacked any riparian or moist systems and 

contained a single temtory, while dl the other new territory holders used the other side of 

the study block which had riparian and moist systems available to Winter Wrens. 

Do WNtter Wrens select for al1 water. riparian systems or rnoist systenrs? 

To further examine the importance of  habitat influenced by water and the variation 

ofresponse at the local scale, I used randomization tests with the following variables: al1 

water @oth riparian andior moist systems), moist system, and riparian system (Fig. 4). 

The results fiom Ranhab 1 (retains size and shape of temtories) show that although the 

importance of ail water, riparian systems, and moist systems varies by year and by study 

block, mean observed use was significantly greater than random expected use (PO.  10) for 

these variables (TabIe 5 ) .  The importance of  habitats iduenced by water was more 

apparent in dry study blocks (Wilson 1996; Clack and Flume 1996, 1997; Table S), as 

was suggested by the largest riparian indices occuning in the diest study block 'Wilson' 

(Table 4). All water, riparian systems, and moist systems were selected by Winter Wrens 

in Wilson and Flume, but Winter Wrens in Clack seIected oniy al1 water and riparian 

systerns during the 3-year study period. In Gough and Roberts, the moist study blocks, 

Winter Wrens showed selectivity for ail water in 1995 (Table 5). Gough ranked highest 

for representation of riparian systems, yet, I found that Winter Wrens in Gough, selected 

only moist systems (1995 and 1997). Roberts ranked highest for representation of moist 

systems, but Winter Wrens selected only nparian systems (1995). Selection was for the 

most part detected with Ranhab 1. Ranhab2 (retains size, shape and configuration of 

temtories) revealed significant relationships in Wilson and Flume (dry study blocks), and 



Table 5 .  Imporiaiice of habitat variables that reveal the influence of water in study blocks. Study blocks ranked by representation of rnoist 
and riparian systems are cornpared to rankings of results of randomization tests. Mean observed use was consistently greater than random 
ilse for ttiose categories with significant P-values (PcO. 1 O). Total number of significant responses and number of categories with significant 
responses are sliown for al1 years coinbined. 

Study Type Moist Riparian Number of Nurnber of 
block syst em system significant categories 

(% cover) (m) responses significant 
responses 

Rank2 Rank2 Rank3 Rank4 

Wilson Dry 1 1 3 1.5 

Flume Dry 3 2 1 1.5 

Clack Dry 2 3 2 4 

Gough Moist 4 5 4 4 

Roberts Moist 5 4 5 4 
' ~ o t  significant usiiig Ranliiib 1 ,  only signilicant usiiig knliab2. 
' ~ a n k  whcrc 1 is dricst and 5 is weltest. 

Al1 water 

Y ears 

95 96 97 

Years 

95 96 97 

Moist 
- -- - 

Y ears 

95 96 97 

'~ank  bascd on totiil iiuiiibcr of significant rcsponscs for tlic 3 catcgorics over al1 ycnrs conibincd; I is Iiiglicsl and 5 is lowcst. 
k m k  bnscd on sigiiificiiiil rcsponse in ench of the 3 catcgories over al1 yenrs conibincd; 1 is Iiigliest and 5 is lowcst. 



Gough (a moist study block). In these study blocks the configuration of temtories 

constrained availability of riparian and moist systems. 

Study blocks varied in the abundance of riparian and moist systems (Fig. 6 )  yet, 

the physicai factor water (al1 water) best descnbed areas occupied by Winter Wrens. 

Some riparian systems with weak trans-riparian gradients did not always have moist 

systems as adjacent habitat in the riparian area. Although representation of moist systems 

was low in all study blocks, these systems, together with riparian systems, provided 

preferred habitats for Winter Wrens. This result is consistent with the observed 

occurrence of these systems in temtories: 64% of core territories over al1 years had 

riparian systems (with or without moist systems); an additional 23% of core temtories 

were associated with only moist systems; and 23% of core temtones had neither system. 

The results of the randomization tests (Table 5, Ranhabl and Ranhab2) were 

consistent with the inter-annual variation that I found for riparian indices (Table 4). 

Significant associations with riparian systems occurred for the sarne year that 1 observed 

the larger riparian indices for 'creeks and streams'. Results of the randomization tests in 

1997 are consistent in interpretation with the riparian indices for CIack, Flume and Gough. 

Selection of Downed Wood by Local Populations of Winter Wrens 

Using the randomization tests, 1 found that in al1 study blocks but Wilson, Winter 

Wrens showed preference (PO. 10) for total volume of downed wood in the driest year 

1995: Clack P=0.06 (Clack also in 1996, P=0.07), Gough P=0.05, Roberts P=0.09, and 

Flume P=0.03. Winter Wrens also preferred habitat with greater volumes of harder, 

downed wood attributable to large pieces, including: 50-74 cm dbh in Clack (1995, 

P=0.08) and Roberts (1995, P=0.06), and 75+ cm dbh in Flurne (1995, P=0.05; 1996, 
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P=0.09; 1997, P=0.08) and Gough (1995, P=0.04). Winter Wrens in Wilson in 1997 

avoided areas with large volumes of downed wood (W0.01), but this may be a spurious 

result because of the turnover of individuais on the study block. The relationships for 

Wilson, Flume and Clack were determineci using RanhabZ. 

Discussion 

Riparian and moist systems provide important habitats for Winter Wrens in the 

Roberts Creek Study Forest. Winter Wrens preferred to occupy habitats influenced by 

either creeks o r  strearns, although characteristics of riparian habitats can Vary with charnel 

width (amount and duration of water ff ow, undercut banks, topography, strength of 

microclimate gradients, plant and invertebrate comrnunities, and forest structure). 

Habitats associated with moist systems were also preferred by Winter Wrens suggesting 

these systems are important because of habitat features sirnilar to those in riparian systems 

(e-g. ,  vegetation and microclimate). The suite of attributes associated with riparian areas 

in the Roberts Creek Study Forest were typical of those described for riparian areas of 

coastal Douglas-fir forests (Carey et al. 1 99 1, McGarïgal and McComb 1992). It is 

possible that selection for these attributes, as microhabitat patches within riparian systems, 

influenced Winter Wren selection of temtories Pedlar et al. 1997, Matsuoka et al. 1997). 

Birds may select temtories based on critena that are indirectly related to food 

density. For example, each year Ovenbirds (Sezunrs aurocapiII2~s) cue into habitat 

features that are correlated with expected prey abundance rather than directly assessing 

prey abundance when selecting territories (Smith and Shugart 1987). Winter Wrens may 

also exhibit such processes of habitat selection. They may select systems influenced by 

water, if these systems have a range of resources that will supply their long-term needs. 
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Long-tem needs are important because Winter Wrens are site tenacious and occupy the 

same temtories in successive years. Winter Wrens could use riparian or moist systems as 

cnteria for placing themselves in high quality habitat at the stand-Ievel (Fretwell and Lucas 

1969, Cody 198 1, Orians and Wittenberger 199 1). Habitats associated with water may be 

valuable to Winter Wrens and water is just a proximate factor (Fretwell and Lucas 1969). 

The availability of arthropods can affect habitat selectivity and dispersion of Winter 

Wrens (Armstrong 1956, McLachlin 1983, Holmes and Robinson 1988, Van Home and 

Bader 1990). The abundance and composition of arthropod cornmunities varies with 

temperature, site conditions (moisture, nutrients), stand structure, and vegetation 

(Mattson and Haack 1987). Generally, there are more arthropods in habitats infiuenced by 

water than in drier upland habitats (McLachlin 1983, Van Home and Bader 1990, Gray 

1993). But over short periods, variation in weather may alter the presence and abundance 

of arthropods. Thus food availability within the system c m  Vary, while the forest structure 

and topography remain stable (Coulson and Witter 1984). The annual shifts in importance 

of nparian and moist systems for Winter Wrens may be related to the interaction between 

m u a l  weather, their local environment, and their food base (art hropods) (McLachlin 

1983, Van Home and Bader 1990). Winter Wrens may establish their territories near 

riparian and moist systems as a long-terni strategy because these are higher quality 

systems that provide food and other important resources (e-g., nest sites). However, 

Winter Wrens must also exhibit habitat flexibility because short-term fluctuations in food 

availability are induced by variation in weather. If the quality of their preferred habitats 

changes temporarily, Winter Wrens, like other bird species (Gray 1993), rnay increase 

their suMva.1 by exploiting other habitats. 



As water dried in riparian and moist systems in 1995, habitat quality may have 

declined because these systems no longer provided suitable conditions for arthropods. 

Winter Wrens may then have extended their activities into previously unused areas (dry 

and mesic systems and surplus riparian and moist systems) in search for food. As well, 

higher productivity of aahropods may have simultaneously occurred in mesic and dry 

upland areas because warmer ternperatures, in these already drier systems, could produce 

stressfuI conditions for the plants inducing outbreaks of herbivorous insects (Mattson and 

Haack 1987). 1 found that Winter Wrens selected areas with high volumes of downed 

wood in 1995. Volume of downed wood in my study area was not correlated with 

distance to riparian channels, but was disvibuted across the study blocks. Downed wood 

provides important foraging sites for Winter Wrens because they retain water and thus 

the associated arthropods, even as soi1 and duff dry out (Harmon et al. 1986, Bunnell et 

al. 1991). The inter-annual variation in habitat selection by Winter Wrens may simply 

reflect their response to changing abundance and distribution of food. The reduced 

importance of riparian systems for Winter Wrens and oîher bird species during dry 

penods has been suggested in other regions (Barrows 1986, Gray 1993). 

Temperature dso  affects the metabolic rates of birds, and Winter Wrens require 

more energy during cooI temperatures (Armstrong 1956). Ln the cool breeding season 

(Le., 1996), Winter Wrens may have benefited by focusing activities (e.g., foraging and 

nesting) in higher quality habitats (e-g., greater abundance of arthropods) such as riparian 

and moist areas, rather than expending more energy by rnaintaining larger territories for 

foraging or for having multiple broods spaced far apart. Winter Wrens appeared to sing 

more actively in defense of boundanes in the dry year (1995) than in the wet year (1996). 

In the wet year their activities appeared more focused around the nest. Quantitative data 



for analysis were not collected, but this also suggests that they rnay have extended heir 

activities in the dry year and changed patterns of habitat use because locations of suitable 

habitat may have changed with the shift in the food base. This flexibility in habitat use has 

been suggested for other bird species (Cody 198 1, Wiens 198 1, 1985). 1 was unable to 

determine if mean size or shape of temtones changed between years because of incomplete 

temtones and my small sample sizes. However, my results suggest that although Winter 

Wren density per study block was relatively consistent between years, total areas of study 

blocks occupied by their core territories were greater in 1995. In 1995, Winter Wrens 

extended farther into upland areas than in 1996 (Table 4). If the habitat was not saturated, I 

would expect density to Vary arnong years, if in some years low quality habitats could 

improve and support surplus males. 

If Winter Wrens relied less on riparian and moist systems in the dner year (1995) as 

1 previously suggested, 1 would not cxpect to observe preference for these systerns by 

Winter Wrens in any of the study blocks. Instead, 1 detected preference of Winter Wrens 

for nparian and moist systems in the moist study blocks, dunng the dry year. 

Inter-annual changes to habitat selection may be, in part, a consequence of the 

contagious dispersion of nparian systems in the landscape. If moist study blocks have more 

riparian and moist systems available than Winter Wrens could use in an 'average season' 

for their temtones (e.g., 1996), 1 may have been unable to detect selectivity because 

selectivity is detemiined usually when preferred habitats are limited (Orians and 

Wittenberger 1991). Selectivity rnay have been exaggerated in 1995 if Winter Wrens in 

moist study blocks inadvertently included surplus nparian and moist systems when they 

extended their activities (Fig. 8; i.e., riparian channel length increased relative to total area 

of temtories, Equation 1). This apparent disproportionately high use of fiparian and moist 



A. wet year, moist study block B. dry year, rnoist study block 

C. wet year, dry study block D. dry year, dry study block 

Fig. 8. Mode1 of habitat selection by Winter Wrens that explains changes to the riparian 
index (Equation 1) under different conditions. The temtory (dotted line) of most Winter 
Wrens inciudes a section of riparian channel (thick black iine) and/or moist system 
(stippled area). During wet years, food density is high in nparian and moist habitats, and 
territories are small (A and C). During dry years, food density is diminished in riparian 
and moist habitats and tenitories expand (B and D). On moist study blocks, nparian and 
moist systems (stippled) are comrnon (A). Dunng dry years when the temtory expands, 
large amounts of nparian habitats are included in the enlarged temtory and the nparian 
index increases (El). On dry study blocks riparian and moist systems are uncommon (C). 
Dunng dry years when the territory expands, additional riparian habitat may be included in 
the eniarged temtory. However, this amount is srnall compared to  the area added to the 
territory, hence, the riparian index decreases @). 



habitat would result in my measuring preference dunng a dry year. In dry study blocks in 

1995, Winter Wrens could include oniy more mesic and dry systems when they extended 

their activities (Fig 8). This resulted in decreased riparian charnel length relative to total 

area of territones. Interpretation of selectivity for riparian and moist systems must 

consider the spatial context, as well as multi-year patterns, otherwise habitat selection can 

be misleading (Haila et al. 1989). 

The use of randomization tests that incorporated social factors, both social 

dominance (size and shape of tenitory) and intraspecifk cornpetition (configuration o f  

temtories), were helpfùl for understanding selection of habitat by Winter Wrens. If social 

factors limit access to areas of good quality habitat for birds (e-g., some Winter Wrens had 

tenitones without riparian andor moist systems), these individuals may be forced to 

establish temtories in lower quality habitat (Wiens et al. 1987). Habitat selectivity may 

fail to be detected because the arnount of available habitat fdsely appears higher than 

some mean 'threshold' amount of the attribute used by the local population of Winter 

Wrens. Inciusion of social factors may have given a more realistic measure of habitat 

availability for Winter Wrens, if social factors reduce levels of available habitat to below 

these 'threshold' levels. Social behaviour was important because it limited access to good 

quality habitat of ripanan and moist systems. 

My ability to determine habitat selection by Winter Wrens was also in part 

infiuenced by abundance of an attribute and its distribution within study blocks relative to 

the spatial configuration of temtones of a given year (Manly et al. 1993). Selectivity 

occurs in the context of habitat suitability. Habitat suitability is influenced not only by 

availability of life requisites (food, cover, nest sites), but also by density of individuals, and 

habitat suitability may be density dependent (Brown 1969, Fretwell and Lucas 1969, 
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Wiens et al. 1987). A high turnover of temtory holders in aiI study blocks and lower 

densities in some study blocks followed the severe winter of 1996/1997. Winter Wren 

populations in other regions decreased following severe winters with deep snow falls 

(Szaro and Balda 1986, Peach et al. 1995). Research on the Winter Wren in England 

suggests these declines may be attributable to density dependent mortality of adults, 

immigration of adults or both (Peach et al. 1995). 1 was able to measure selectivity for 

some attributes in 1997, following the changes to the local population, because density 

declined in some study blocks, and new territory holden in other study blocks 

redistributed themselves in the higher quality habitats perhaps as equal cornpetitors. 



Chapter 2. Nest Sites and Nest Substrates Selected by Winter Wrens 

Introduction 

Territories of birds include various habitats which can provide food, nest sites, 

security cover, and shelter. Habitats associated with nesting are particularly important 

because they can affect reproductive success, and thus individual fitness (Van Home 

199 1). Characteristics of nesting habitat c m  innuence mate attraction, wlnerability to 

predators (concealment), and food supply. As well, the microclimate and the available 

shelter of the selected nesting habitat affects the amount of energy expended on 

themoregulation and incubation (Martin and Roper 1988, Li and Martin 199 1, Matsuoka 

et al. 1997). Selection of habitat for nesting by some species of birds is a major factor in 

the placement of temitories (Matsuoka et al. 1997) and hence affects the distribution of a 

species in a landscape. 

Winter Wrens occur throughout coastal forests of British Columbia, and they are 

comrnon near creeks and streams (Carey 1988, McGarigal and McComb 1992). The 

association of Winter Wrens with these riparian systems is of particular interest because 

creeks and streams are featured in forest management guidelines (B.C. Ministry of Forests 

and B.C. Ministry of Environment 1995b) and are a major consideration in forest 

planning. 1 used the Winter Wren as a mode1 species to examine relationships between 

wildlife habitat and riparian systems in managed forests. By examining habitat selection of 

Winter Wrens, 1 hope to identie key relationships that will enhance Our understanding of 

the effects of forest harvesting on wildlife. 

Winter Wrens are often monogarnous, but polygyny occurs under some conditions 

in both North Amenca and Europe (Armstrong 1956, Garçon 1980% McLachlin 1983, 
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WesoIowski 1983, 1987). Winter Wrens can lay 5-7 eggs per clutch and raise one or 

more broods per season (Godfiey 1986, Ehrlich et al. 1988, Campbell et al. 1997). The 

breeding season for Winter Wrens in coastal British Columbia ranges fiom mid-Apnl to 

mid-July (McLachlin 1983). In forests, Winter Wrens make nests out of moss and twigs, 

in uptumed tree roots, in creek banks, beneath slabs of thick bark, and among piles of 

downed wood (Wesolowski 1983, Godfkey 1986, Ehrlich et al. 1988, Campbell et  al. 

1997). A male c m  build several nests in his temtory, but fewer nests may be built in less 

favourable habitat (Armstrong 1956, Armstrong and Whitehouse 1977). During 

courtship, the male Ieads a female to one or more of the nests, and she inspects and 

occupies one that will be used for the breeding attempt (Garson 1980b). Some nests 

constructed by the male remain unused during the breeding season. Nests built in previous 

years that were occupied or remained unoccupied rnay be used for nesting in subsequent 

years (Wesolowski 1983). Fernales of polygynous males wi1l often choose nests in 

different parts of the temtory (Armstrong 1956). The female incubates the eggs for 

approximately 15 days, and both parents usually feed the nestlings for approximately 17 

days before they fledge (McLachlin t 983). 

I investigate nesting habitat of Winter Wrens at three scales: the nest site (the area 

around the nest), the nest substrate (the substrate to which the nest is attached), and the 

nest itself. 1 distinguish between two types of nests: occupied (nest in which a female laid 

eggs) and unoccupied (nests built by males but not used by fernales). My objectives are to 

examine how habitat is exploited by Winter Wrens for nesting (nest substrates and nest 

sites) and to determine if nesting habitat is an important factor for selection of temtories 

by males. 1 examine location of nests relative to riparian systems and moist systems (Fig. 

4, Chapter 1) at the stand-level, because these systems have distinct features such as 
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microclimate, and they can be more structuraiiy diverse than rnesic and dry systems 

(Raedeke 1988). 1 could not test for habitat patchiness within territories in Chapter 1, 

however, in this chapter, 1 determine if habitats at nest sites are distinct fiom other parts of 

temtories and whether nest sites differ between creek and non-creek areas. 1 compare 

nest sites to non-nest sites within temtories to examine habitat selectivity by males. I also 

examine whether Winter Wrens prefer particular types of nest substrate. 1 compare 

occupied with unoccupied nest sites within temtories to determine cntena that females 

might use to choose nests (Wesolowski 1983). 

Methods 

Nest Searches 

I searched for nests of Winter Wrens in and around 5 study blocks at the Roberts 

Creek Study Forest (Fig. 2). Most nests were found when 1 observed displaying males 

and Winter Wrens carrying nesting material or food (Martin and Geupel 1993), and when 

1 coliected habitat data. I flagged and checked nests regularly fiom a minimum distance of 

10 m to reduce disturbance and predation on nests. In each temtory, 1 searched upturned 

root masses, downed wood (logs), stumpg snags and tree branches. My efforts were 

focused in the vicinity of song perches (Garson 1980b). 1 examined nest interiors afler the 

young had fledged. 

Measurement of Habitat Attributes 

1 measured the sarne habitat attributes at nest sites as 1 measured at habitat grid 

points in the study blocks (Chapter 1, Appendk A). Attributes that 1 used in my analyses 

were chosen to represent factors that could affect selection of nest sites (concealment 
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fiom predators, food, thermal cover, and male's ability to advertise nests). These 

attributes included deciduous shnibs, fems, downed wood, snags, and trees. 

Nest Substrates 

For each nest and nest substrate, 1 recorded: nest height, nest position, substrate 

type, hardness, decay, dbh (diameter breast height), species, and other characteristics, 

depending on the type of substrate. There were 5 main types of nest substrate: logs, 

snags, upturned root masses, creek banks (this includes a few nests in Stream banks) and 

branches. For some analyses, 1 classified logs into 2 subcategories (log and log bua) and 

snags into 3 subcategones mark, crevice, and sturnp). 

1 used log-likelihood Chi-square tests to test whether Winter Wrens showed 

selectivity for location of nest substrate, thus nest site, relative to riparian and moist 

systems, and for type of nest substrates. Bonferroni-adjusted Z tests (alpha = 0.05) 

showed preference or avoidance of classes with the 95% confidence intervals controlled 

for experiment-wise error @Jeu et al. 1974, Alldredge and Ratti 1986, Thomas and Taylor 

1990, Manly et al. 1993). 

Locations of nest sites relative fo water 

In Chapter 1,1 examined the locations of territories in relation to riparian systems 

(creeks and streams). Here, 1 determined how far nest substrates, thus nest sites, of 

Winter Wrens were from riparian systems (channels). 1 used 5 distance categones (0-5, 6- 

10, 1 1-50, 5 1 - 100, 10 1-3 00 m) chosen for ecological and management reasons. 1 chose 

0-5 m for the first interval, because generaily the influence of riparian channels on 

vegetation extended up to 5 m on each side of  creeks and streams. The category of 6-10 



m is transitional between riparian and upland areas. A category break of 550 m is Iess 

than the mean distance to water. This category was also chosen because proposed forest 

management zones of 20-50 m are designated in the Riparian Guidebook (B.C. Ministry of 

Forests and B .C. Ministry of Environment 1995b). I included categories 5 1-1 00 m and 

101-300 m because a distance greater than 50 rn is greater than the mean distance to water 

and because Winter Wrens were observed to fly between locations up to 100 m apart. 

Only 2 nests were located at 2100 m from nparian systems, and 1 of these was at 300 m. 

First, 1 tested ifnest sites (n=99) selected by males were independent of distance to 

riparian systems. 1 used the proportion of nest sites in each distance category as my 

rneasure of habitat use. The number of habitat grid points that feu within each distance 

category was my measure of habitat availability (n=3 15, habitat grid points pooled from 

each 50-m x 50-m habitat grid in the 5 study blocks, Chapter 1). Next, 1 determined 

whether females showed selectivity for location relative to riparian systems and I assumed 

nests were equally available to females (n=99). 1 tested whether the proportions of 

occupied nests (n=55) in the 5 distance categones were dif5erent than the proportions of 

unoccupied nests (n=44). 

Ifpresence of water is important to Winter Wrens, 1 expected male Winter Wrens 

to have preferentially located their nests in both riparian and moist systems. 1 tested 

whether males locate their nests in systems in proportion to the? availability: 1) riparian 

systems (creeks and streams); 2) moist systems (sites with high soi1 moisture content); 3) 

both of these systems together; and 4) neither of these systems. 1 calculated the 

proportion of nest sites (n=99) of males within each of 4 categones and 1 calculated 

availability as the proportion of habitat gnd points (n=3 15) that fell within each category. 



Selectivzîy for type of nest nrbstrate 

To determine whether male Winter Wrens showed selectivity for type of nest 

substrate (creek bank, root mass, log, snag (stump, crevice, bark), branch), 1 compared the 

proportions of types of nest substrates in which males built nests (n=95, nests within 

known territories) to proportions of  types of nest substrates available within the stand 

(estimate based on the number of each type of nest substrate at the 3 15 habitat grid 

points). To determine if females showed selectivity for type of nest substrate (creek bank, 

root mass, log, snag, branch), 1 compared proportions of types of nest substrates for 

occupied nests (n=55) to proportions of types nest substrates for unoccupied nests (n=40) 

during the 2-year period. To fùrther examine if particular types of substrates were 

preferred by males for nesting, I compared reuse of nests between 1995 and 1996. 1 

excluded data fiom 1997 because 1 was unable to visit the study area at the end of the 

breeding season and ver@ nest reuse. Availability was calculated fkom nests still intact 

from the previous year (Le., in 1996 based on availability fkom 1995). 1 excluded the 

branch category because the nests on branch substrates were not available from 1995. 

The nest substrates could be divided into two general categories: creek banks and 

uptumed root masses which are both comprised of soil and rootlets; and logs, snags, and 

branches which are al1 cornprised of (or associated with) wood. Because creek banks are 

always associated with riparian systems and upturned root masses are often associated 

with areas influenced by water, and because soi1 has different physical properties than 

wood ( e g ,  higher moisture content), I decided to examine if use of nest substrates 

comprised of soil could benefit Winter Wrens diEerently from use of those nest substrates 

comprised of wood. I addressed whether nest substrates comprised of soil may be more 

valuable than those comprised of wood, if they generaily occur in more structurally diverse 
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areas, such as nparian systems. Structuraiiy diverse areas may provide higher quality 

habitat for males ifthey offer more oppominities to build nests. 1 tested whether nests in 

substrates comprised of soil occurred more frequently in territones containing multiple 

nests, than in temtories containing ody a single nest. 1 compared proportions of multiple 

and single nest temtories, with and without nest substrates compnsed of soit, using my 

Iargest data set (1 996, n=3 8 territones with nests). 

Nest substrates that retain higher moisture content may provide better insulation, 

thus a more stable interior microclimate for nesting birds (McComb and Noble 198 1). In 

the wet summer of 1996,I had noticed a fùngus growing inside some occupied nests. 1 

assumed that the presence of this fungus revealed a humid intenor of the nest, and thus 

may indicate why particular types of nest substrates are preferred by Winter Wrens. I used 

occupied nests to compare the proportions of those nests with or without fungus (1996, 

n=32 occupied nests) between the two categories (nest substrates compnsed of soil and 

those comprised of wood). 1 excluded branch nests (n=2) because 1 was unable to check 

them for fungus. 

Cornparisons of Habitats at Nest and Non-Nest Sites within Territones 

To determine habitat selectivity by male Winter Wrens at nest sites, 1 used 

Multivariate Analysis of Variance (MANOVA, Tabachnick and FideIl 1989) to test for 

differences in amounts of habitat attributes between creek nest sites and non-creek nest 

sites (PO. IO), and to test for dserences between nest sites and non-nest sites. 1 use pairs 

of nest sites and non-nest sites as the multivariate response because these pairs are not 

independent, where they are within the same territory in the same year. 1 chose to use 

alpha=O. 10, instead of aIpha=0.05 as for the selection calculations, because this is an 
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exploratory analysis that examines habitat associations for many attributes. I pooled sites 

of occupied and unoccupied nests because there were no identifiable criteria of 

unoccupied nests that distinguished them as  "dummy nests" or as representing lower 

quality nest sites for males (Garson 1980b, pers. obser.). 1 pooled 1995 and 1996 nests 

because of reuse between years. 1 randomly selected ,with random nurnber tables, 1 nest 

in territories with multiple nests. Nest sites and non-nest sites were paired by temtory, 

year and habitat type (creek, n=I O; non-creek, n=37) ensuring al1 samples were 

independent. 1 separated habitat type into creek and non-creek nest sites. Creek nest sites 

included nest substrates in creek channels and dong the immediate edge of the creek bank 

because availability of habitat attributes at these sites may differ due to charnel width, and 

the associated infiuence of dope and overstory canopy openings. Hence, non-creek nest 

sites included those in riparian habitats of strearns, as weli as those nests in upland areas. 

A non-nest site was selected as the closest habitat grid point 2 5  m within the temtory 

that did not have any nests. A distance of 225 m was chosen because this was double the 

length of transects used to measure downed wood (12.5 m) and 25 m is approximately 

one-half standard tree height. If an interaction for a particular amibute occurred between 

creek and non-creek, then 1 tested for differences between nest and non-nest sites within 

each of these categones separately (P0.05, corrected for experiment-wise error). 

Residuals were examined for homogeneity o f  variance and normality. 1 reduced the 

number of habitat variables analyzed by elirninating strongly correlated pairs (Spearman 

rank correlation) and variables with similar ecological interpretations. Given the large 

number of attributes tested, 1 present only significant relationships in tables. 



Occupied and Unoccupied Nest Sites within Territones 

I did not find al1 the nests in the territories, and thus only a srna11 sample of 

temtories that had both occupied and unoccupied nests were available for analysis. 1 used 

a one-way randomized block design analysis of variance (ANOVA) to test for ditferences 

in habitat between these nest sites (n=16). 1 pooled years, controlling for independence of 

al1 sample units. On 6 occasions, 1 had observed females being shown 2 nests, fiom which 

only 1 nest was subsequently used to  raise young. Thus, 1 reasoned that choice of nests 

should reveal habitat selectivity by females. In temtones with either multiple occupied 

and/or unoccupied nests 1 randomly selected 1 nest from each category. I exarnined 

residuals to ensure homogeneity of variance and normality. Six of the 16 pairs of 

occupied/unoccupied nest sites had at least 1 nest located within or dong the imediate 

edge of a creek. Therefore to determine if including creek nest sites had aEected my 

interpretation of habitat use, 1 reran the ANOVA tests and used only non-creek nests 

(n=lO). 

Results 

Nests 

1 found a total of 99 nests during 1995 and 1996. Some temtories had multiple 

nests (22% in 1995 and 53% in 1996), some temtories had single nests (35% in 1995,47 

% in 1996) and in other territones, I was unable to find any nests (43% in 1995). Most 

nests were dome shaped with a moss Iining. Nests were primady woven from moss, 

twigs, and western redcedar needles. Nests in upturned root masses or creek banks had 

rootlets from trees and shnibs woven into the nest. I noticed a fungus growing in many 

nests after young had fledged in 1996. The occurrence of fungus in occupied nests was 
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greater in the wetter and cooler year (50%, 16/32, 1996) than in the drier warm year (4%, 

1/24, 1995). In 1996, the occurrence of fungus was signifîcantly greater in occupied nest 

substrates comprised of soi1 (75%, 9/12) than in occupied nest substrates compnsed of 

wood (35%, 7/20, G=54.1, v=l, Px0.01). 

Locations of Nest Sites Relative to Water 

Ail of the creeks in my study area had mnning water during most of the year, but 

rnost of the streams dried by late May to early June during the breeding season. Male 

Winter Wrens showed selectivity for riparian systems (both creeks and strearns) when 

building nests (Fig. 9, G=30.2, v=4, Pc0.01). Only 9.5% of the habitat grid points 

(n=3 15) were <5 m from riparian systerns, but 55% of the nests (54/99) were m from 

riparian systems. These nests included al1 nests in banks (n=12) and uptumed root 

masses (n=20). The number of nests 6-10 rn from nparÏan systems were in proportion to 

availability of this distance category. Fewer nests than expected were located in the 1 1- 

50 m category. The number of nests 5 1-100 m from riparian systerns were in proportion 

to available habitat. Although some nests were A 0 0  m from a riparian system, Winter 

Wrens tended to avoid these locations. There was no significant difference between 

proportions of occupied nests and unoccupied nests in relation to distance from riparian 

systems (G=3.6, v=4, P>0.10). This result assumes that the female makes the final 

choice and that availability is not constrained by occurrence of temtories of males or 

locations of other fernales. 

1 examined the occurrence of nparian and moist systems within 8 m of each grid 

point (availability) and each nest (use). Most (75%) of the study area but only 27% 
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Fig. 9. Proportions of Wmter Wren neas (n=99) and habitat availability (n=3 15 habitat grid 
points) at different distances Eorn riparian systems (channels) in the Roberts Creek Study 
Forest. The 95% confidence intervais adjusted to control for experiment-wise error rates 
(Bonfenoni - adjusted 2-tests, K=5) show a significantly higher proportion of nests located at 
0-5 m @roportion available below lower confidence interval) and significantly fewer nests 
located at 11 -50 and 10 1-300 m compared to availability (proportion available greater than 
upper confidence interval). 



of the nests were >8 rn from riparian and rnoist systems (Fig. 10). Winter Wrens avoided 

placing their nests >8 rn from riparian and moist systems (G476.6, v=3, Pc0.0 1). Winter 

Wrens nested at sites where both riparian and moist systems were present but did not nest 

at sites where only moist systems were present. 

Cornparisons of Habitats at Nest Sites and Non-Nest Sites within Territories 

Some habitat attributes differed between nest sites and non-nest sites but these 

differences were not consistent between creek and non-creek areas (Table 6). Creek nest 

sites had srnail amounts of canopy cover from the live lower overstory trees (canopy 

position referred to as A4); whereas non-creek nest sites had no canopy cover in this 

layer. In non-creek areas, nest sites had significantly fewer live stems and snags (30-49 

cm dbh) and fewer live stems (LSO, 30-49 and 210 cm dbh) than did non-nest sites. These 

densities were sirnilar to densities at both nest and non-nest sites in creek areas- In non- 

creek areas nest sites had lower densities of WiIdlife-Trees-3 (these are snags with 

branches, twigs and needles present, sound roots, al1 dbh classes) than did non-nest sites. 

The density of Wildlife-Trees-3 at non-creek nest sites were similar to that found at both 

nest and non-nest sites in creek areas- Wildlife-Trees-3 occurred most ofien in the lower 

overstory canopy or below the overstory canopy. In non-creek areas, nest sites selected 

by male Winter Wrens had lower volumes of medium sized downed wood (30-50 cm dbh) 

than did non-nest sites. In creek areas, nest sites and non-nest sites did not significantly 

differ in volume of downed wood but tended to show the opposite trend. There were no 

interactions between creek and non-creek nest sites for 8 habitat attributes (Table 7). 
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Fig. 10. Proportions of Wmter Wren nests (n=99) and habitat avdability (n=3 15 habitat grid 
points) withn 8 m of ripaian and moist systems. The 95% co~dence intervals adjusted to 
control for experiment-wise error rates (Bonferroni-adjusted 2-tests, K=4) show avoidance of 
sites with neither nparian or moist systerns. Nests were not located in moist systerns without 
the presence of a nparian system- 



Table 6. Mean Iiabitat attributes at nest sites and paired non-nest sites (multivariate response) by habitat type (creek and non-creek). 
Values from the MANOVA are presented separately by habitat type because of an interaction between habitat types. Variables are 
presented only if significant (P0.05) differences occurred between nest and non-nest sites in either habitat type (creek or non-creek). 

Habitat attribute Habitat Nest site Non-nest site MANOVA 

Canopy cover lower overstory A4 trees (Oh) Creek 
Non-creek 

Downed wood 30-49 cm dbh (m3/ha) Creek 
Non-creek 

Live stems 30-49 cm dbh (stems/ha) Creek 
Non-creek 

Live stems and snags 30-49 cm dbh (stemdha) Creek 
Non-creek 

Live stems 250 cm dbh (stemsha) Creek 
Non-creek 

Live stems z10 cm dbh (stemslha) Creek 
Non-creek 

Wildlife-Trees-3 (stemslha) Creek 



Table 7. Mean habitat attributes at nest sites and paired non-nest sites (multivariate response) for both habitat types (creek and non-creek). 
Values from the MANOVA are presented for pooled habitat types (n=47) because no interaction was found between habitat types. 
Variables are presented only if significant (PSO. 1 O) differences occurred between nest and non-nest sites, 

Habitat attribute Nest site Non-nest site MANOVA 
Mean SE Mean SE df (n, d) F P 

Live stems < 10 cm dbh (stenislha) 313 33 923 203 1,46 8,62 0.01 

Live stems and snags < 10 cm dbh (stemslha) 505 5 1 1127 204 1,46 8,40 0.01 

Live stems and snags 2 75 cm dbh (stemslha) 3 1 5 72 17 1,46 6,04 0.02 

Live stems and snags $50 cm dbh (stemslha) 137 1 1  204 20 1,46 12.35 <0.01 

Distance to upturiied root mass (m) 9,O 1.4 12.8 1.3 1,45 3 3 3  0,05 

Fern cover (%) 6,6 1.2 3,7 0 3  1,46 3,36 0.07 

Deciduous shmb cover (%) 5.4 1 .O 3.4 O, 6 1,46 5.02 0.03 

Ground cover (%) 82.0 2.2 88.5 1 .O 1,46 7 3  0.01 



Nest sites had fewer live stems (CIO cm dbh) and fewer combined live stems and snags 

(175,250, cl0 cm dbh) than did non-nest sites. Nest sites had greater cover of fems and 

deciduous shrubs, but Iess exposed ground than did non-nest sites. 

Occupied and Unoccupied Nest Sites within Territories 

For creek and non-creek nest sites combined, occupied nest sites had lower 

volumes of large wood k75 cm dbh), less cover of ferns, more snags and a more 

southerly aspect than did unoccupied nest sites (Table 8). When I restricted my analysis 

to non-creek areas, nest sites occupied by female Winter Wrens had less cover of shrubs 

>OS m high (deciduous and evergreen), more live stems and snags (10 - 29 cm dbh), and - 

more live stems overall (>IO, 275 cm dbh) than did unoccupied nest sites (Table 9). Live 

stems were more abundant at occupied nest sites when 1 excluded creek nest sites, and 

this may partly explain the change in the relationship from when 1 included creek nest 

sites. Aspect was no longer significant when 1 excluded creek nest sites, Iikely because 

of small sample size. Also, there were no longer significantly greater amounts of 

Wildlife-Trees-3 stemdha at occupied compared to unoccupied nest sites. 

Nest Substrates 

Nests occurred at a range of heights but ail were in the understory of the forest 

(Table 10). The lowest nest was 35 cm above the ground in a crevice of a Iog and the 

highest was 285 cm above the ground hanging from a branch on a snag. Mean heights of 

nests in each type of nest substrate ranged from 70 cm to 190 cm (Table 10). 





Table 9. Results from one-way randomized block design (ANOVA; -0.10) usiny only non-creek nest sites to test for differences between 
pairs of occupied and unoccupied nest sites blocked by territory and year (n=10). 

Habitat attributc Occupied nest site Unoccupied nest site ANOVA 
Mean SE Mean SE F P 

Downed wood 275 cm dbh (myha) ' 35.6 19,4 155.6 40.2 4,74 0.06 
Fern cover (%)' 2.3 1 .O 10.6 3.6 5,14 0.05 
Shrubs >O. 5 ni tiigli (Oh) O. 5 0,3 2.8 1 .O 4,56 0,06 
Live trees and snags 10-29 cm dbh (stemsha) 590 94 360 6 \ 4.73 0.06 
Wildlife-trees-415 (stemdha) ' 80 17 25 13 5.2 1 0.05 
Live stems 275 cm dbh (stemslha) 15 8 O O 3.86 0.03 
Total snags - al1 dbh (stemslha) ' 605 153 350 67 4,83 0.06 
Mean distance to nearest canopy snag (m) ' 10.3 1.1 18.1 1.2 26.3 <0,01 
Live stems 210 cm dbh (stemslha) 625 53 470 46 7.15 0.03 
'~ i~ni f i cnni  rcsuli \\lils found wlicn including creck nest sites (Tablc 3). 



Table 10. The rnean diameter of 8 nest substrates, and the mean heights of Winter Wren 
nests in these substrates. The dbh of trees (28.0 - 102.0 cm dbh) and snags (4.5 - 20.0 cm - - 
dbh) that had nests on branches was highly variable thus 1 do not include a mean (SE). 

Nest substrate n DBH cm Nest height cm 
Mean (SE) Mean (SE) 

Creek bank 12 d a  70 (6)  
Upturned root mass 20 d a  

36 
80 (6) 

Log 50.7 (3.7) 
Log butt 

70 (4) 
3 90.5 (14.0) 

Stump 
70 (4) 

3 143.5 (29.4) 90 (1 1) 
Snag crevice 8 53.7 (8.3) 111 (27) 
Snag bark 11 29.3 (2.5) 160 (17) 
Branch 6 d a  190 (23) 



Nests were usudly woven into crevices. Nests beneath overhanging portions of 

creek and stream banks and in upturned root masses were located in crevices in the loose 

soit and fine rootlets. Nests in logs were usually in a crevice on the underside of the log. 

Logs were generally suspended above the ground which provided Winter Wrens with 

flight access to their nest. Most logs were western redcedar and Douglas-fir. They were 

hard and intact on the outside with decayed centers, and 75% of them had been burned 

during earlier fires. PJthough mean diameter of logs suggested that large pieces were 

favoured (rnean dbh 50.723.7 SE cm), Winter Wrens did not show selectivity for any size 

class (logs and log butts of size classes: 17.5-29, 30-49, 50-74, 75+ cm dbh; G=2.8, v=3, 

P>O. 10). 

There are 3 subcategories of snags used by Wi t e r  Wrens for nesting. 1 included 

these subcategories when testing for selectivity of nest substrates because each 

subcategory has different implications for forest management. A few nests were in 

remnant old-growth stumps of western redcedar. These nests were located in cracks in 

the hollow, decayed centers of the stumps. Other nests were located in crevices in large 

diameter snags that were predominantly western hemlock, well decayed and with broken 

tops. Some nests were behind large slabs of peeling bark on broken-top snags fYom well 

decayed red alder (Alms mbra) and some amabilis fir. Nests were generally woven onto 

the branches of suppressed western hernlocks snags that had most of their branches 

remaining. Nests were also woven onto the branches of live trees, including: suppressed 

western hemlocks, old Douglas-fir "vets", and among the sucker branches of red alder. 

Male Winter Wrens showed selectivity for type of nest substrate (G=lZ4.9, v=6, 

P<0.01, Fig. 11). Upturned root masses and creek banks were used more than expected 
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Fig. 11. Proportions of substrates in which male Winter Wrens built 95 nests and 
proportions of substrates available (n=845) in the Roberts Creek Study Forest. The 95% 
confidence intervals are adjusted to control for experiment-wise error rates (Bonferroni- 
adjusted 2-tests, K=7). I f  proportion available is greater than the upper confidence 
interval then the substrate is avoided (e-g., branch category) and if the lower confidence 
interval is greater than proportion available then the substrate is preferred (e-g., creek 
banks and upturned root masses). 



whereas branch substrates were used less than expected. Logs and snags (bark, crevice 

and stump) were al1 used in proportion to their availability. Females did not show 

selectivity for the type of nest substrate that they used (G=2.8, ~ 4 ,  P>0.10). But 1 am 

cautious in this interpretation of preference because availability for females may be 

overestimated, if location of rnaIes tenitories or other breeding females constrain female 

choice. Ninety-four percent (44/47) of nest substrates found in 1995 rernained available 

for use in 1996. Sixteen of 44 nests available from 1995 were reused by male Winter 

Wrens in 1996 (Fig. 12), and 5 of these were known to be reused by the same temitory 

holders from 1995 (Le., banded birds). Male Winter Wrens preferred to reuse nests in 

creek banks (G=3 1 -8, v=3, PXO.0 1). 

Nests in substrates comprised of soii (creek banks and root masses) were not used 

eveniy among territories. Nests in nest substrates comprised of soi1 occurred more 

frequently in multiple nest territones than in single nest temtories in L996, whereas single 

nest temtories more often had nest substrates comprised of wood (multiple nest 

temtories, 12/20 temtories nest substrates comprised of soi1 compared to 8/20 temtories 

without this substrate type; single nest temtones, 5/18 temtories with nest substrates 

comprised of soi1 compared to 13/18 temtories without this substrate type; G4.4, v=l, 

0.025<P<0.05). I did not test the 1995 data because of small sample sizes. 

Discussion 

Male Winter Wrens preferred to build nests close to riparian systems, often 

locating their nests within substrates in the nparian channel or in the adjacent riparian area. 

By selecting territones that include riparian systems, males ensure their access to riparian 
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Fig. 12. The proportion of nest substrates with nests, that remained avaiiable fiom 1995 
to 1996 (1144) and the proportion ofnests in these substrates that were reused (n=16) by 
males in 1996. The 95% confidence intervais adjusted to  control for experiment-wise 
error rates (Bonferroni-adjusted 2-tests, K=4) show that creek bank nests were reused 
more than expected. 



areas. However, nest sites selected by males were not limited to riparian systems, and 

nests were aiso located in mesic and dry upland systems. Positions of nests relative to 

temtory boundarïes rnay be just as important for males as type of system, if males gain 

breeding advantages by dispersing nest sites. I found nests near the centres as well as near 

the borders of temtories. Alternate nesting sites may increase opportunities for males to 

attract females, as well as increase their chances of mating, even when they are in lower 

quality sites (Fuich 1989b). Male Winter Wrens rnay attract females by dispersing nests 

because home ranges of females overlap temtories of several males (Garson 1980b, 

McLachiin 1983, Evans and Bum 1996). Female Winter Wrens rnay dso  avoid occupying 

nests close to one another, therefore dispersion of nests throughout the temtory increases 

opportunities for multiple nesting by males (Armstrong 1956). Use of nests positioned 

farther apart, rnay be a strategy to avoid predators. Femde Winter Wrens did not show 

selectivity for riparian systems when selecting nests. This finding supports the hypothesis 

that the spacing of nests is an important factor in nest selection by female Winter Wrens 

(Armstrong and Whitehouse 1 977). 

Seiectivity for nest sites at the stand-level suggests that rnoist systems are not 

preferred by males unless riparian systems are present as well. Therefore, fiee flowing 

water, and the associated riparian channels and habitats, rnay have more value to nesting 

Winter Wrens than habitats influenced by ground water only. To explore why male 

Winter Wrens showed selectivity for riparian systems at the stand-level, I examined both 

nest sites and nest substrates. The habitat attributes of nest sites used by males rnay reflect 

the association with riparian systems, rather than the attributes themselves providing 

preferred habitat. Yet, although amounts of habitat attributes varied between riparian 



areas of creeks and other areas, Whter Wrens selected sirnilar nest sites in both these 

areas. Altematively, this finding suggests that selectivity for nest sites with particular 

habitat attributes, may be more important than simply selecting any site in a riparian 

system. But, there may be a greater likelihood that males can find a preferred nest site in 

nparian areas of creeks, than in riparian areas of streams or in upland areas because nest 

sites near creeks were more similar to non-nest sites near creeks, than non-nest sites 

elsewhere. Selectivity for riparian systems rather than upland systems by males may be an 

expression of this greater oppominity for locating preferred nest sites. 

Winter Wrens may prefer to nest in structuraliy heterogeneous patches in the 

forest. Males built nests in sites that had fewer live tree stems and snags than the 

surrounding forest, and thus these sites had relatively more open than closed understones. 

Furthermore, dthough I did not measure canopy gaps directly, some of these nest sites 

likely had gaps in the overstory canopy above the nest substrates: edaphic gaps above 

creek banks, and developmental gaps above uprooted trees and large dead snags (Spies et 

al. 1990, Lertzman et al. 1996). More open areas in the understory and overstory 

contribute to structural diversity in the stand by providing heterogeneous patches. These 

patches not only include a shift in horizontal structure with the lower density of stems, but 

may have a more diverse vertical structure, if understory vegetation develops beneath a 

gap in the canopy that iets in more light and moisture than normally penetrates a closed 

canopy. Nest substrates such as creek banks, uptumed root masses, downed wood, and 

snags may themselves also contribute to vertical structural diversity. Additional evidence 

that males select heterogeneous areas was provided by my finding that uprooted trees 

were significantly closer to nest sites than non-nest sites. This indicates that male Winter 



Wrens may prefer to use disturbed areas that are more stnicturally heterogeneous because 

of the uprooted trees. 

There may be several advantages to males if they locate their nests in sites that are 

relatively open in the understory and overstory. Openings would enable the male to better 

advertise his nest with visuai displays and because his song would carry farther. He would 

also remain in better vocal contact, over greater distances, when the femde is laying and 

incubating eggs. Openings with greater cover of fems and deciduous shrubs, such as 

those associated with nest sites, can have a greater potential prey base, especiaily when 

associated with moister habitats (McLachlin 1983, Wesolowski 1983, Van Home and 

Bader 1990). However, nest sites were not cen?ered in gaps because male Winter Wrens 

preferred some overstory canopy, for example in riparian areas of creeks, nest sites had 

significantiy more lower overstory canopy than did non-nest sites. Overstory canopy may 

provide protection fiom predators that use the edges of openings (Paton 1994) or from 

weather (eg., Sun, rain or possibly wind). Open areas may also be associated with 

preferred nest substrates because these substrates produce (e.g., snags) or are associated 

with (e.g., creek banks) overstory gaps. 

Nest security is a major determinant in the breeding success of the Winter Wrens, 

and females may prefer to occupy more secure nests (Garson 1980% 1980b). Winter 

Wrens are Likely therefore to optimize forest attributes to achieve maximum security for 

their nests. Females selected nest sites from those already selected by males. Femaies 

chose to occupy nest sites with less cover of ta11 vegetation, including shrubs and ferns, 

and a lower voiume of large downed wood when compared to unoccupied nest sites. Less 

cover at the nest irnplies that the nest is less secure from predators. But, for House Wrens 



(Troglodytes aedon) in Wyoming, less cover (Le., downed wood) and more open ground, 

with sparse overstones, at nest sites may have benefited the incubating females (Finch 

1989b). These sites may have enabled females to detect predators frorn a distance, and 

limited predators' access to nests E n c h  1989b). Female Winter Wrens may select their 

nest sites for similar reasons, because most nests are situated below 2 m in the lower forest 

strata and they may be more vulnerable to predation, particularly if sorne substrates such 

as large downed wood attract predators. In the Roberts Creek Study Forest, Douglas 

squirrels commonly used logs as pathways and feeding sites, and I observed one preying 

on nestlings of Winter Wrens. 

Nest substrates used by the Winter Wrens provided good places to nest, but they 

were also prominent features in a stand. Female Winter Wrens preferred nest sites with 

high densities of [ive tree stems and snags. These sites had a diverse tree structure 

comprised of large trees and snags, as well as smail understory trees and snags. The forest 

structure at sites preferred by female Winter Wrens provided greater concealment without 

obscuring flight paths, as might occur if they preferred sites with more shmb cover. On 

the other hand, sites with more standing stems and snags will dso tend to have reduced 

cover fiom vegetation and downed wood. 

Female Winter Wrens must also choose nest sites that have sufficient food, and an 

appropriate thermal regime for the young in addition to security. Feeding conditions near 

the nest may be crucial in determinhg female Winter Wren reproductive success (Garson 

l98Ob). Diverse forest structure is preferred by Red-breasted Nuthatches (Sittn 

canadensis) and Brown Creepers (Cerlhia familiaris) because it provides high arthropod 

abundance and better protection fiom inclement weather (Adams and Momson 1993). 



Badly situated or ill-constmcted nests (too high from the ground, poor seclusion, 

inconvenient entrance) are liable to be rejected by female Winter Wrens (Armstrong and 

Whitehouse 1977). Femde Witer Wrens in my study area selected nests with more 

southerly aspects but there was a Iimited range available (170-260 degrees). Nest boxes in 

sparse habitats receive greater solar radiation than nest boxes in densely vegetated habitats 

(McComb and Noble 198 2, Finch 2989b). The more southerly aspect and openings in the 

canopy may provide warmer conditions for nest microclimate. Nest microclimate is 

important for incubating fernales, especially when nesting earlier in the season or when 

occupying nests near creeks, which tend to be cooler than the surrounding stand. 

Male Winter Wrens used a variety of nest substrates, revealing that their habitat 

use is flexible. Except for branch nests, al1 nest substrates had a natural crevice or cavity, 

and the substrate itseif concealed the nest, rather than the nest being obscured by other 

vegetation. The substrate selected also had a convenient entrance that allowed for a quick 

exit ffom the nest (Armstrong and Whitehouse 1977). Males avoided using branch 

substrates for nests. Nests on branches are exposed and did not ofien last between years 

as those in crevices and cavities. Males preferred two types of nest substrates comprised 

of soil: root masses of uprooted trees and overhanging banks of creeks and strearns. 

Both of these types were associated with riparian systems in my study area and thus 

preference for these 'soil nest substrates' may in part be owing to the preference of Winter 

Wrens for nparian systems. Further evidence for this preference comes £tom temtones 

with multiple nests. Forty-five percent of males in 1996 had temtones with nest 

substrates comprised of soil and there was a greater likelihood of males having multiple 

nests in these temtones, than in temtones where nest substrates comprised of soil were 



not used by Whter Wrens. Soil nest substrates may be preferred because they are 

associated with high quality sites that are able to support more nests. The number of 

vacant nests in a territory is a criterion that femaies may use to judge temtory quality, 

including her need for alternative nests for double brooding (Garson 1980b, Wesolowski 

1987, Evans and Bum 1996). Winter Wrens build fewer nests in lower quality habitats 

(Armstrong 1956, Armstrong and Whitehouse 1977). 

The preference that male Winter Wrens exhibited for creek bank nest substrates 

was further illustrated by their reuse of nests in this substrate rather than root mass, log, or 

snag substrates, thus supporting the notion that substrate itself is important or that 

characteristics associated with creeks are important. The microclimates of both nest 

substrates and riparian systems could aiso contribute to nest site and nest substrate 

selectivity. Nest substrates compnsed o f  soil tend to be moister than nest substrates 

comprised or associated with wood (logs, snags, branch nests). Substrates with higher 

moisture content have greater heat capacity (McCornb and Noble 198 1). Occurrence of 

fungus, which I used as an indicator of higher humidity, was significantly greater in nest 

substrates compnsed of soil cornpared to those comprised of wood. Although, more heat 

is required to raise the temperature of soi1 than wood, heat stored during the day is lost 

slowly from soil because of its higher heat capacity. As air temperatures change, internai 

temperatures of nest substrates comprised of wood, that have less rnoisture, wi11 fluctuate 

more than the more stable internal temperatures of the nest substrates comprised of soil. 

If variable ambient temperatures (e.g., day and night) influence internal nest temperatures, 

the rnetabolic rates of cavity users will be  af5ected (McComb and Noble 198 1). For 



example, female Winter Wrens require high amounts of energy to incubate and greater 

energy is required at cooler temperatures (Armstrong and Whitehouse 1977). 

Another advantage for males locating nests near riparian systems is the condition 

of the nest building materials: wet materiais may be more easily rnanipulated for weaving 

nests (Armstrong 1956, Wesolowski 1983). Akhough cedar needles, moss and rootiets 

are pliable, smaU twigs are not normally pliable and these were used for weaving nests in 

the Roberts Creek Study Forest. 

Females did not show selectivity for type of nest substrate in my study area. This 

finding dEers ffom research, in forest stands of eastern Poland, where female Winter 

Wrens preferred upturned root masses for nest substrates only in mesic to dry habitats 

which had limited availability of these nest substrates (Wesolowski 1983). 1 may have 

been unable to detect female preference in my study because measuring selectivity relies 

on having variability among habitats (Onans and Wittenberger 199 1). As well, choice of 

nest substrate may already be incorporated by the habitat selection of males. 



Chapter 3. Habitat Selection bv Winter Wrens in Young and Mature Forest 

Introduction 

The densities of rnost species of birds Vary across seres (Momson 1986). 

Although there is some correspondence between these densities and stand age, stronger 

correlations exkt between bird density and stand structure (Rotenbeny and Wiens 1980, 

Hayes et al. 1997). In the Pacific Northwest of North America, Winter Wrens are most 

numerous in s t r u ~ r d l y  diverse stands, such as mature, old-growth and hardwood forests, 

whereas they are least numerous in more structurally uniform, immature forests (Carey et 

al. 199 1, Eckert et al. 1992, Bryant et al. 1993, Hansen et ai. 1995, Savard et al. 1995). 

The density of winter Wrens is correlated with abundance of particular habitat attributes 

(e-g., snags, downed wood and canopy gaps) within and arnong these sera1 stages (Carey 

et al. 199 1, Savard et al. 1995). 

Young stands, especially ifthey are even-aged, may provide fewer resources to 

many species of wildlife than mature or uneven-aged stands, and thus have diminished 

value as wildlife habitat (Hunter 1990, Franklin and Spies 199 1). However, many young 

and mature stands contain structures such as large trees, snags and downed wood that 

remained following natural (e-g., fire) and human induced ( e g ,  operational harvesting) 

disturbances. The number and distribution of these structures varies with the type of 

disturbance and they change over the course of the stands' deveiopment (Spies et al. 1988, 

Carey et al. 199 1, Franklin 1992, Wells 1996, Hayes et ai. 1997). Besides remnant 

structures (biologicai legacies), the structurai homogeneity of young and mature stands is 

intemipted by physical features such as topography and streams. These physical features 



provide specific habitat (e-g., water for drinking, Stream banks for nests) for wildlife and 

also contribute structural diversity to the stand. Riparian systems offer resources to 

wildlife which add to those available in upland portions of both young and mature stands. 

The importance of nparian habitat for enhancing the stand's capability to support wildlife 

varies among stands, but is likely greater in structurally uniform forests. 

To determine the generality of my results in Chapter 1, 1 examine habitat use of 

Winter Wrens in two sera1 stages, young (40 to 60-year old) and mature (80 to 120-year 

old) forest, located dong the Sunshine Coast (Fig. 1). My sampling design did not include 

old-growth stands because little accessible old-growth remains in the Coastal Western 

Hemlock Dry Maritime subzone (CWHdm). Nor, did 1 sarnple stands younger than 40 

years because this age class was concentrated at mainly higher elevations and most are 

managed intensively by spacing or thinning. In this chapter, 1 sampled over a broader area 

than 1 exarnined in the previous chapters. Habitat selection may be constrained in places 

where particular habitats are unavailable (Sherry and Holmes 1985, Ruggiero et al. 1988). 

Hence by sampling over a broader area, 1 could determine the generality of my results. As 

well, an understanding of variability in habitat selection over the landscape provides a basis 

for testing the generality of species-habitat relationships and should reveal how broadly 

these relationships c m  be applied as management (prediction) tools (Brennan et al. 1984, 

O'Neil et al. 1988). 

My objective was to determine whether riparian systems are selected by Winter 

Wrens over a broader range of conditions, and if so, are riparian habitats preferred to 

upland habitats because of the unique charactenstics associated with water charnels (e-g., 

microclimate, stand structure). If riparian systems d u e n c e  the spatial distribution of 



Winter Wrens, there should be a significant response to riparian habitat by Winter Wrens 

in both seral stages. However, if riparian systems provide only favourable habitats under 

particular conditions of disturbance history or stage of stand development, then the 

responses of Winter Wrens to riparian systems are likely to diEer between seral stages. 

1 walked transects to Iocate singing Winter Wrens and identie their song perches. 

1 chose to use Song perch locations because Winter Wrens exhibit a range of vocaiizations 

and they have a loud, fir-carrying Song (Van Home 1995). Song has two main functions 

for birds, including to advertise and defend a temtory, and to attract a mate (Best 198 1). 

Song perches and the area surrounding Song perches are rnicrohabitats that Witer  Wrens 

select within their territones, the macrohabitat patch (Collins 198 1). First, 1 compare 

whether density of Winter Wrens and habitat structure is different between the two serai 

stages. Next, 1 determine if microhabitats around Song perches of Winter Wrens are 

difEerent ficorn randornly selected sites, and whether these differences are consistent 

between the two seral stages. 

Methods 

Transect Method 

Forest stands were identified in areas of young (40 to 60-year old) and mature (80 

to 120-year old) forest along the Sunshine Coast from the Sechelt Peninsda to Powell 

River. These stands were accessible, at least 500 m apart and usually large enough to 

walk 2 transects. Transects were 500 rn in length with 150-m buffers along each side. I 

selected a transect length of 500 m because most stands were not consistent in shape, and 



usually a maximum of 1 km could be surveyed during a day. I estirnated that 2 Winter 

Wrens would be located per transect, thus 4 per survey day. 

1 randornIy selected a distance fiom the edge of each stand that would allow 

placement of the full transect. Next, 1 selected a random distance perpendicular to the 

start of the transect that ensured the 150-m buffers to each side of the transect. 1 placed 

transects across the dope of the stand to obtain a range of distances from riparian systems. 

1 waked dong each transect and located singing Winter Wrens (wren locations) during 

the active breeding season from late April to early June 1996. Transect width was based 

on aural location of singing Winter Wrens and this generally did not exceed 150 m @ers. 

obser.). For each wren location, I randomly selected a location (random location) on the 

sarne transect. The sarnple of random locations gave me an estirnate of habitat available to 

Winter Wrens that I could compare to the observed habitat used by singing Winter Wrens. 

On the transects, 1 located each random location by first selecting a random distance dong 

the transect with a random number table. 1 then selected a second randorn distance 

perpendicular to the transect within the 150-m buffers. For analyses, 1 grouped stands 

within the same general area (usuaily a watershed) as blocks, and these blocks were nested 

within sera1 stage. There were a total of 40 wren locations and 37 random locations in 10 

blocks (19 transects) in young forest, and 37 wren locations and 38 random locations in 9 

blocks (1 9 transects) in mature forest. 

I surveyed for Winter Wrens from sunrise to 4 hours after sunnse because this is 

the rnost active singing period for birds (Vemer 1985). My methods did not account for 

possible non-breeding singing males or individuds' singing away from temtories (Haila et 

al. 1989) and I did not distinguish between different songs. Dunng the survey at each wren 



location, 1 recorded type and height of each Song perch, the height at which the Winter 

Wren was singing, and 1 flagged the locations to later revisit for measuring habitat 

attributes. 

Habitat Attributes Measured on Transects 

I assessed habitat aitributes on plots centered at both wren and random locations 

to determine habitat use and affinity of Winter Wrens for riparian and moist systems 

(Appendix A, Chapter 1, Fig. 4). I chose habitat attributes that were associated with 

Winter Wren activities, including: foraging (downed wood, snags, ferns and shrubs, 

horizontal and vertical structure); nesting (uptumed root masses, logs, trees and snags, 

horizontal and vertical structure); singing (horizontal and vertical structure); and 

concealment (horizontal and vertical structure). 1 chose subcategories based on Winter 

Wren behaviours (e-g., use of wood structures > 30 cm dbh for nesting) and forestry 

practices (Chapter 1). 

1 measured distance to the nearest nparian system (channel) of creeks and streams 

(or seeps) and any bodies of fiee water. 1 used distance to riparian system for assessing 

the influence of riparian systems on the spatial arrangement of territones (macrohabitat) as 

represented by the Song perches. As well, this distance enabled me to examine 

relationships of other habitat attributes to nparian systems. Measurements for other 

attributes are described in Appendix A. 



Analyses 

Ifdensity of Winter Wrens was greater in the mature forest, as reported in other 

studies, 1 expected to encounter more Winter Wrens (wrendtransect length) in the mature 

forest than in young forest. As well, 1 expected that the mean detection distance to Winter 

Wrens wouid be greater in the younger forest than in mature forest. 1 used the Mann- 

Whitney test to determine if number of Winter Wrens per km of transect (n=19 transects 

for young forest, and n=19 transects for mature forest) dSered between the two seral 

stages. 1 used the normal approximation to the Mann-Whitney test (Zar 1984) to test 

whether there was a difference in detection distance (mean perpendicular distance from the 

transect to a Winter Wren location) between young (n=40 Iocations) and mature (n=37 

locations) forests. 

1 used a log-iikelihood Chi-square test to  test for differences between types of 

Song perches used by Winter Wrens (downed wood, root mass, snag, tree; n=71). 1 used 

contingency tables (3 dimensional, n= 152) to test for differences between the presence of 

water near random locations and near wren locations in each serai stage. First, 1 tested 

whether type of location, serai stage and presence of moist systems were mutualIy 

independent. Next, 1 replaced presence of a moist system with presence of  water (either a 

riparian or moist system) and re-ran the test. Presence was defined as a moist system (or 

water) within a 0.20-ha plot around the Song perch or  random location. 

1 used analysis of variance (ANOVA) to determine if Winter Wrens in young and 

mature forest placed their t e ~ t o r i e s  closer to riparian systems and if they selected for 

other habitat attributes at their song perches. The ANOVA determined which habitat 

attributes (response variables) had significant between group differences for: a) the 2 seral 



stages (young and mature); and b) the 2 types of locations (wren and random). The data 

were analyzed as an unbalanced, completely randornized, split-plot, factorial design (Sit 

1995) in which seral stage was the whole-plot factor and location was the split-plot factor. 

The experimental units for the whole-plot factor were the 'blocks' that were nested within 

seral stage. The split-plot ANOVA tested the following 3 nul1 hypotheses separately for 

each of several habitat attributes: 

(1) &: There is no interaction of seral stage (young and mature) and type of location 

(random and men)  on the amount of a habitat attribute (a=0.10); 

(2) &: There is no effect of serai stage on amount of a habitat attribute (a=(). 10); 

(3) 6: There is no effect of type of location on amount of a habitat attribute (a=0.10). 

I used alpha=O. 10 for the ANOVA because the exploratory nature of the analysis 

involved rnany variables. 1 did not test habitat attributes that were idtequent across 

locations. 1 also eliminated one attribute for pairs of attributes that were highly correlated 

(r >0.70) and had a similar ecological function. A rank transformation was used on ail 

habitat attributes to normdize the residuals. However, estimated least-square means and 

standard errors were calculated using the unranked data. If riparian systems (distance to 

riparian) were optimal habitat for Winter Wrens, 1 expected that wren locations would be 

associated with riparian systems in both seral stages. However, if an interaction occurred, 

this would indicate that Winter Wrens may use riparian habitats differently as the forest 

matures, or where different disturbances to the stands resulted in different patterns of 

habitat use by Winter Wrens. 1 did not use power tests for non-significant results because 

1 could not provide accurate estimates of expected ranked differences needed for 

determining power. 



Next, 1 used logistic regression models to identiQ those habitat attributes that best 

predicted the probability of  a wren location in these forest stands (Breman et al. 1984). 

The logistic regression model is used as a 'resource selection probabzlity function', and 

the 'selection probability' normaiiy used to predict this function is estimated by comparing 

those locations with a given set of attributes being used by Winter Wrens (men locations) 

to those locations not used by Winter Wrens (Manly et ai. 1993). My random locations 

rnay or may not be used by Winter Wrens; therefore the 'selection probabilities' are 

unknown, and instead I estimate the 'resource selection probability finction' using a 

'resource selection funaion', which is directly proportionai to the 'resource selection 

probability function'. The resource selection function is estimated by modeling the 

conditional probability that an obsenration haWig a particular set of habitat attributes will 

be found at a wren location rather than at a randorn location, given that the observation is 

at one of the two locations (McCullagh and Nelder 1989, p. 1 O I; Manly et al- 1993, 

p. 126). The habitat attributes that 1 selected as covariates for the logistic regression 

model were those for which the ANOVA reveaied significant Werences in their amounts 

between wren and random locations at P50.05. 1 chose to use alpha=0.05 to reduce the 

number of variables for the modeling, and because 1 was using the model as a predictive, 

rather than an exploratory tool. 

Logistic regression analysis proceeded in two steps. First, 1 uscd a rnixed model 

logistic regression to determine whether sera1 stage had a significant effect on the 

conditional probability outlined above. The SAS macro GLIMMD[ (SAS l988), was 

used to find restricted (residual) pseudo likelihood (REPL) parameter estirnates (P. Ott, 

pers. corn.). The &II model is defined as follows: 



where, 

T is the probability that an observation haWig a particular set of habitat attributes 

x,, will be found in the wren location rather than the random location, given 

that it is one of these locations; 
p is the overail intercept; 

SI is the effect of seral stage (i = 1,2); 

a, 1 ) ~  . is the (random) block effect a(il, - N(o,&) ( j  = 1,2 , ..., 19), which is nesied 

within seral stage; 
p, ,A,. - -, P, are the regression parameters, and the observations are indexed by 

k = 1,2, ..., 148 ; and 

x,, the set of attributes modeied included moss cover, mean distance to overstory 

tree, distance to riparian systern, cover of smdl vegetation (<O. 5 m high). 

Following the non-significant effect of seral stage, 1 eliminated it fiom the model 

and incorporated al1 random and wren locations in a simple logistic regression. Non- 

significant habitat attributes were also dropped, thus producing a simplified model with 

only q p regression parameters: 

where al1 parameters are defined as in Equation 2. 1 used Spearman rank correlations with 

the random locations to examine relationships between these attributes including distance 

to riparian systems in both seral stages. 

The abundance of some habitat attributes differed between seral stages. Overstory 

tree canopy cover, including a more prominent deciduous overstory component, was 

significantly (P<0.01) greater in the young stands compared to the mature stands, and 



these closed stands had significantly shorter mean distances to both overstory tree 

(P4.06) and understory snag (P=0.02) (Table 11). The cover of understov tree canopy 

(P=0.08), shmbs <OS m high (P=0.07), and total vegetation <O-5 rn high (P=0.02) were 

significantly greater in the mature stands compared to the young stands (Table 1 1). The 

mature stands had more developed vertical and horizontal structure. The reduced cover 

of overstory canopy in mature stands was in part due to gaps in the canopy, and the 

greater amounts of the vertical understory shmb < O S  rn high, vegetation 10.5 rn high, and 

understory tree canopy were likely a response to Iight frorn these gaps. There were no 

significant merences between the volume of downed wood per hectare in the two sera1 

stages (Table 12). However, distance to the upturned root masses was significantly 

shorter (P-0.0 1) in the young stands indicating a greater abundance of root masses (Table 

11). 

Forty Winter Wrens were located along 9.12 km of transect in the young forest 

compared to 37 along 9.30 km in mature forest. The encounter rate of Winter Wrens in 

the young forest (4.39 w r e n s h )  was not significantly different (Mann-Whitney Test, 

n,=19 and n,= 19, U=226, P>0.10) from that in mature forest (3 -98 wrens/krn). Mean 

detection distance to Winter Wrens in young forest was 40 m (SD 27.5) compared to 50 

rn (SD 3 7.3) in mature forest. There was no significant difference (2=0.984, EW.10) 

between these mean distances (normal approximation for Mann-Whitney Test, Zar 1984). 

Proportions of types of structures used as Song perches by Winter Wrens were not 

significantly different between young and mature forest (G=5.93, v=3, W0.10; Fig. 13). 

There were 5 unidentified structures in young forest and 1 in mature forest (Le., 1 only 



Table 1 1. Results from split-plot ANOVA (df 1, 17) for differences between seral stages (main effect), and interaction between seral stage 
and location type using rank transforined habitat attributes for the ANOVA. Least-square means and standard errors were calculated using 
untransformed data, 

Habitat attribute 
Seral stage Main effect Interaction 

Young Mature Serai stage X Location 
n=77 n=75 type 

Units Mean SE Mean SE F ' P' F P 
distance to ripariati 
mean distance to overstory tree 
mean distance to overstory snag 
mean distance to understory tree 
mean distance to understory snag 
distance to root niass 
overstory canopy cover 
deciduous overstory canopy cover 
understory canopy cover 
fern cover 
shrub 20.5 m high cover 
shrub <0.5 m high cover 
vegetation cover < O S  tn high 
mess cover % 24.9 7. O 41.7 7,4 1 ,O2 0.33 1.83 O. 19 
'~ i~nif ic i i i i i  (PSO. 10) rclationsliips bold type 



Table 12. Results from split-plot ANOVA (df 1, 17) for differences in volume of downed wood between seral stages (main effect) and for 
interaction between seral stage and location type. Rank transformed downed wood variables were used for the ANOVA. Least-square 
means and standard errors were calculated using untransformed data. 

-- 

Sera1 stage Main effect Interaction 
Size of Decay Young Mature 
downed Ihardness volume (m3/ha) volume (m3/ha) 

Seral stage X Location 
tY Pe 

wood' n=77 n=75 

7-29 dbh fresh 
liard 
soft 

'Total 
30-49 dbh hard 

so fi 
Total 

50-74 dbh hard 
sofl 

Total 
75+ dbh hard 

Total 
7+ dbh Total 389.1 40.8 423.5 41.8 O. 06 0.8 1 0.75 0,38 

++=toini wluii~c or downcd wood 
'~i~i i i f icant  (PZO. 10) rclationsliips bold type 



domned w o d  root mas snag 

Structure used as Song perch 

t ree 

Fig. 13. Forest structures used for song perches by Winter Wrens in young ( ~ 3 5 )  and in 
mature forest ( ~ 3 6 )  in 1996. 



located these Winter Wrens within +/- 5 rn of their song perch). Except for trees, Song 

perches used by Winter Wrens were in the understory layer, generally <5 m high above the 

ground, often at the highest location available on the structure. All song perches on 

downed wood were below 2 m high in the lowest stratum of the forest. Song perches on 

root masses and snags were also in the understory stratum, mostly in the 2-10 m high, B 1 

layer. Trees used as Song perches were up to 40 rn high but Winter Wrens sang fiom 

branches <25 m high in these trees. Several of the young stands were dry, with riparian 

systems at distances >400 m fiom any wren location or random location. Seventy-five 

percent (6/8) of the song perches in these dry stands were root masses. 

One significant interaction was found using the spiit-plot ANOVA between seral 

stage and Iocation types (Table 12). The general lack of interactions indicate that 

differences between wren Iocations and random locations for al1 habitat attributes were the 

same in both seral stages (Tables 13 and 14). 1 conclude that Winter Wrens were selecting 

similar microhabitats for Song perches, although forest structure changed with serai stage. 

The significant interaction (P=0.04) was for the total volume of downed wood 275 cm 

dbh (Table 12). Although volumes of large downed wood were similar between seral 

stages (Table 12), and although selectivity by Winter Wrens for this large downed wood 

also occurred in both serai stages (Table 13), this interaction shows that the importance of 

large downed wood to Winter Wrens varied between seral stages (Le., differences 

between amounts at randorn and wren locations were not the same in the two serd 

stages). 

Amounts of several habitat attributes differed significantiy (Ps 0.10) between wren 

locations and randorn Iocations in both seral stages. Wren locations were closer to 



Table 13. Results fiom split-plot ANOVA (df 1, 17) for differences in volume of downed 
wood between random and wren locations (split-plot effect). Rank transformed downed 
wood variables were used for the ANOVA. Least-square means and standard errors were 
calculated using untransformed data. 

T w e  of Location a I 

Size of Decay Random Wren Split-plot effect 
downed hardness volume (rn3/ha) volume (m3/ha) 

(cm) Mean SE Mean SE F~ pz 
7-29 dbh fiesh 14.1 3 -5 12.5 3 -6 2.20 0.15 

hard 
so ft 

Total 
30-49dbh hard 

soft 
Total 

50-74 dbh hard 
soft 

Total 
75+ dbh hard 

Total 
7+ dbh Total 374.6 38.7 437.9 38.5 O. 69 0.42 

t 
7+=totd volume of downed wood 

'si@cant (P50.10) relaûonships bold type 



Table 14. Rcsiilts from split-plot ANOVA (df 1,  17) for differences between random and Wren locations (split-plot effect). Rank 
transformed habitat attributes were used for the ANOVA. Least-square means and standard errors were calculated using untransformed 
data. 

Type of Location 
Habitat attribute 

-- pp 

Random Wren Split-plot effect 
n-75 n=77 

Unit s Mean SE Mean SE F ' P' 
distance to ripariaii 
mean distance to overstory tree 
mean distance to overstory snag 
mean distance to understory tree 
mean distance to uriderstory snag 
distance to root rnass 
overstory canopy cover 
deciduous overstory canopy cover 
understory canopy cover 
fern cover 
shmb 20.5 m Iiigli cover 
shmb <0.5 rn liigli cover 
vegetation cover < O S  in high 
~ O S S  cover % 38.1 5.4 27.9 5 s  7.77 0.0 1 
' ~ i ~ n i l i c a i i l  (PzR 10) rclntionsliips bold typc 



riparian systerns than random locations (P=O.O 11, although the mean differences appear to 

be small (Table 14). There was high variance associated with distance fiom riparian 

systems. This variance may occur because Song perches have several behaviourd 

tùnctions and cm be situated anywhere from the boundary to the centre of the temtory. 

Also several transects were >400 m from riparian systems and a few were almost close to 

1000 m from riparian systems. Distance to riparian system did not significantly differ 

between seral stages (Table 12), but hi& variance between blocks may have resulted in 

Iow power of the test. 

Wren locations had significantly less cover of shmb <OS m high (P=0.05), total 

vegetation < O S  m high (P=0.02) including shrubs, fems and herbs, and Iess cover of moss 

(P=0.01), than did random locations (Table 14); but had significantly greater cover of 

deciduous overstory canopy (P=O. 10) and lower density of understory snags (P=0.09, 

Table 14). Mean distance (n=4) fkom the Song perch to averstory trees at wren locations 

was significantly (P<0.0 1) greater than that at random locations, indicating Winter Wrens 

were using sites with overstory trees that were spaced further apart (Table 14). 

Significant negative Spearman correlations showed that mean distance to overstory 

trees and mean distance to understory snag at the random locations decreased with 

distance fkom water; whereas significant positive Speannan correlations indicated that 

cover of moss increased with distance fkom water (Table 15). Cover of moss was 

positively correlated with cover of vegetation and both of these were also positively 

correlated with mean distance to overstory tree. These correlations indicate that overstory 

trees spaced further apart, generaiiy resulted in an understory with greater cover of moss 

andor vegetation c0.5 m high, except when close to riparian systems, where there 



Table 15. Speannan rank correlations between distance to water and habitat attributes at 
random locations (n=75). Habitat attributes are those that Winter Wrens preferred or 
avoided (Tables 13 and 14) ' . 
Habitat attributes r, P-value3 
Distance to riparian 

Mean distance to overstory tree 

Moss cover 

Vegetation cover (0.5 m high 

Deciduous overstory canopy 
cover2 

Mean distance to understory 
snag 

mean distance to overstory tree 
moss cover 
mean distance to understory snag 
deciduous overstory canopy cove? 
vegetation cover <O. 5 m high 
volume downed wood 50-74 dbh 
volume hard downed wood 175 dbh 
volume downed wood 275 dbh 
moss cover 
vegetation cover <OS m high 
deciduous overstory canopy cover2 
mean distance to understory snag 
volume downed wood 50-74 dbh 
volume hard downed wood 275 dbh 
volume downed wood 275 dbh 
vegetation cover <OS rn high 
deciduous overstory canopy cove? 
mean distance to understory snag 
volume downed wood 50-74 dbh 
volume hard downed wood 275 dbh 
volume downed wood 275 dbh 
deciduous overstory canopy cove? 
mean distance to understory snag 
volume downed wood 50-74 dbh 
voIume hard downed wood 175 dbh 
volume downed wood 275 dbh 
mean distance to understory snag 

volume downed wood 50-74 dbh 
volume hard downed wood 275 dbh 
volume downed wood 175 dbh 
volume downed wood 50-74 dbh 

volume hard downed wood 275 dbh 
volume downed wood 275 dbh 

1 1 did not include shrub cover c0.5 rn high. 
'n=65. 
3 Signifkant (PSO. 10) relationships bold type 



was a decrease in cover of moss. Cover of both moss and total vegetation c0.5 rn high 

were negatively correlated with the cover of deciduous overstory canopy. 

Witer  Wrens were in areas that had slightiy more volume of downed wood in the 

large size classes: hard wood 275 cm dbh (P=0.07) and total volume -5 cm dbh 

(P=U.09), and total volume for the 50-74 cm dbh class (P=0.10) (Table 13). However, 

these relationships were significant only within 0.054?50.10 and an interaction occurred 

with the total volume of downed wood for the largest size class (275 cm dbh). Large 

wood volume was correlated negatively with distance to riparian systems showing that 

greater volumes were associated with riparian systems (Table 15). The largest pieces 

(175 cm dbh), both hard and total, were also negatively correlated with cover of moss. 

Winter Wrens did not appear to use habitat differently as the forest developed from 

young to mature, although some of the habitat attributes associated with wren locations 

were more abundant in the y a n g  forest compared to the mature forest, and viseversa. 

For exarnple, greater mean distances to overstory trees and understory snags were 

characteristic of wren locations and the mature forest, not the young forest (Table 12); 

whereas greater mean cover of deciduous canopy and lower mean cover of shrubs and 

total vegetation c0.05 high were characteristic of wren locations and the young forest, not 

the mature forest. Therefore Winter Wrens, independent of  stand age and stage of 

development, selected for a suite of habitat attributes to provide optimal habitat. 

Seral stage, type of location (randorn or wren) and moist systems within a 25-m 

radius of the song post were independent of each other (x2=4.75, v==, P>0.10). Seral 

stage, type of location (random or wren), and presence of water within a 25-m radius were 

also independent of each other (x2=5.25, d H ,  P>0.10). The lack of a significant 



relationship between wren locations and presence of water in the 0.20-ha plot likely 

resulted because this measure only descnbed the microhabitat patch around the song perch 

not the macrohabitat used by the Winter Wren. 

1 selected habitat attributes, representing different elements of forest structure, that 

had significant differences (PO.05) between random locations and wren locations in the 

split-plot ANOVA (Table 14). These attributes were mean distance to overstory tree 

(Over), cover of moss (Moss), cover of total vegetation < O S  m high (Veg), and distance 

to nearest riparian system (Rip). Using the full mixed rnodel logistic regression (Equation 

2), 1 found that serai stage did not have a sig&cant effect in the model (Table 16). This 

allowed seral stage to be elirninated from fùrther analyses. In the full model (Equation 2), 

both distance to overstory tree and cover of moss were significant predictors for 

estimating the probability that Winter Wrens would use a location in either seral stage. 

For this model, the adjusted or least square mean (Lsmean) probability of a location being 

occupied by a Winter Wren, given that it is either a wren or random location, was similar 

in the young and mature forest: (young Lsmean=0.54; mature Lsmean=0.47; Table 17). 

The simple logistic regression best-fit mode1 (Equation 3) also resulted in both 

mean distance to overstory tree and cover of moss being identifïed as the best predictors 

of Winter Wrens using a location (Table 18, Figs. 14 and 15). The collective significance 

of these two factors is reflected by the high Reduction of Deviance (13.958, P=0.0009). 

Both distance to riparian system and cover of vegetation < O S  m high did not contnbute 

significantly to the model. The non-significant Hosmer and Lerneshow 



Table 16. halysis of (restricted pseudo likelihood) estimates for the hl1 mode1 (Equation 
2). The fixed independent variables are seral stage classification (1 or O), mean distance to 
overstory tree (m, Over), cover of moss (%, Moss), cover of vegetation < 0.5 m high (%, 
Veg), and distance to riparian (m, Rip). Plot-to-plot variability is treated as a random 
factor. The intercept represents the mature seral stage and S represents the additionaI 
effect of the young seral stage over-and-above the mature seral stage. The estimate of the 
variance component is ; 0.000. 

Parameter Estimate SE df t P-value 
Int ercep t -1-0851 0.6732 17 -1.61 O, 12 

S 0.2679 0.4307 17 0.62 0.54 
Over 0.3 706 O. 1328 125 2.79 0.0 1 
MOSS -0.0 100 0.0100 125 - 1.98 0.05 
R ~ P  0.000 1 0.0006 125 O. 17 0.86 
Veg -0.0400 0.0400 125 -1.12 0.26 



Table 17. Least-square Means (Lsmeans) o f  serai stage for the full mode1 (Equation 2).  
The dEerence in the two Logit Lsmeans is 0.268 (SE=0.43 1). A t-test of their 
equivalence yields t = 0.62 (17 df, P=0.54), which as expected, corresponds exactly to the 
test result for S in Table 16. 

- .  

Lsmean Lsrnean Lsmean 
Sera1 Stage probability Iogit logit SE 

Young 0.54 O. 154 0.277 
mature 0.47 -0.114 0.289 



Table 18. Analysis of (maximum likelihood) estirnates for the simplified mode1 using mean 
distance to overstory tree (Over) and cover of moss (Moss) (Equation 3). The Reduction 
in Deviarice = -2FogL(p) -LogL(p, PI,  Pz)] = 13.958 with 2 df (P=O.OOO9), and the 
Hosmer and Lemeshow Goodness-of-fit Statistic = 7.2871 with 8 df (P=OSO60). 

Parameter Estimate SE Wald Chi- P-value 
Square 

Intercept -0.7835 O -4720 2.755 1 0.097 
Over 0.3 193 O. 1 148 7.7398 0.005 
MOSS -0.0 170 0,0058 8.2356 0.004 
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Mean distance to overstorytree (m) 

Fig. 14. Estimated probability (based on Equation 3) of a Witer  Wren occupying a 
4-784 - 0.3 - 0.0 17rnean(moss) location: q = e ( 1 + 

0.784 - 0.3 190vcrk - O.O17mean(mms) ) as mean 
distance to nearest overstory tree (overk) changes from O to 15 m while moss coverage 
(mean(moss)) is held at its estimated mean (32%). 
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Percent cover of moss 

Fig. 15. Estimated probability @ased on Equation 3) of a Winter Wren occupying a 
location: rk = e 4.784 7 0.3 19mean(over) - 0.0 l7moss / (1 + 4.784 - 0.3 X9meanlover) - 0.0 17moss 

k )  as cover of 
moss (mas) changes frorn O to 100 % while mean distance to overstory tree 
(mean(over)) is heId at its estimated mean (4.2 m). 



Goodness of Fit statistic (7.29, 8 df, P=0.5 1) indicates the closeness between predicted 

and observed probabilities, and suggests that the mode1 is a good fit. 

The estimated probabilities of the logistic regression mode1 (Figs. 14 and 15) show 

that there is a higher probability that Winter Wrens will use the location as mean distance 

to overstory trees increases (e.g., 80% probability at 10 m), and this is a non-linear 

relationship because the rate of increase, decreases with increasing distance to overstory 

trees. In these forests, a mean distance to overstory tree of -15 m from a Winter Wren 

Song perch, in any direction, suggests possible gap in the overstory canopy, rather than a 

closed overstory. The lower Limit (20 % probability) that a Winter Wren will occur in 

areas with overstory trees spaced closely together, likely having a dense overhead canopy, 

shows that Winter Wrens are flexible in habitat use and exploit a range of conditions. The 

relationship for cover of moss is linear, but it covers a smder range of probability 

estimates for predicting a Winter Wren location. There is a 20-30% probability a Wren 

can be found with 100% cover of moss, while presence of a Wren is greater (-63%) with 

O% cover of moss. 

Discussion 

The spatial locations of tenitories of Winter Wrens, in both young and mature 

forest, were influenced by the locations of riparian systems over a broad area covering 

many watersheds. However, Winter Wrens were able to use drier stands and exploited 

upland habitats. The microhabitat patches around Winter Wren Song perches were 

relatively more open with overstory trees spaced further apart, but these patches did not 

have a developed lower strata of shrubs/vegetation, nor were they characterized by mossy 



ground. Instead these habitat associations suggest that the ground in these patches was 

covered by downed wood, or exposed soi1 or rock as may be associated with riparian 

systems or upturned root masses. Winter Wrens did not exhibit dEerent habitat use 

patterns between young and mature forest, although abundance of habitat attributes 

changed with stand development and age. 

Stand Structure of Mature and Young Forests on the Sunshine Coast 

Differences in forest structure between the two seral stages d o n g  the Sunshine 

Coast were typical of developing forests and the silvics of dominant tree species in the 

CWHdm (Krajina et al. 1982, Franklin and Spies 199 1). Young (40 to 60-year oid) stands 

had higher densities of trees and snags, more closed canopies, and less weU developed 

horizontal/vertical structure than did mature (80 to 120-year oId) stands. The young 

stands were self-thiMing, thus creating the higher densities of small snags. The deciduous 

component remaining in the young stands was primarily red alder (Alnus nrbra), a shade 

intolerant species that can dominate during early successional stages, but dies as the stand 

matures because cornpeting conifers reduce available light (Krajina et al. 1982). 

Uprooting of more trees, thus higher densities of uptumed root masses, in the young 

stands either occurred during harvesting or stand development. Uprooting cm be more 

comrnon on drier and wetter sites than on mesic sites certzman et al. 1996). Several 

stands in the young seral stage were dry with few water sources. 



Location of Winter Wren Territories Relative to Riparian Systems 

The spatial distribution of Winter Wrens was intluenced by riparian systems in both 

young and mature stands. Riparian systems may add spatial heterogeneity to forest stands 

with the diverse forest structure, associated with riparian habitats, providing preferred 

habitat for Winter Wrens over a broad range o f  stand conditions and stand ages. 

However, Winter Wrens are not strictly tied to riparian systems and do use other types of 

habitat (Chapter 1). Some of the microhabitat patches around Song perches did not have 

riparian systems because Winter Wrens do not need to be adjacent to water when singing 

in their territories. Furthemore, several stands in the young forest lacked riparian systems 

but wnter Wrens occupied these stands. My results indicate that Winter Wrens do not 

require ripai5an systems within their temtories. Instead, they are flexible in their use of 

habitats (Carey 1988) and other sources of structural diversity may provide suitable 

habitat for Winter Wrens- 

Mïcrohabitat Patches of Song Perches 

In general, Winter Wrens exploit similar microhabitat patches around Song perches 

in both sera1 stages. Microhabitat patches selected by Winter Wrens had overstory trees, 

understory trees and understory snags al1 spaced firther apart than elsewhere in the 

stands. These attributes describe a more open stand structure ranging from an open 

understory (openings) to overstory canopy gaps (gaps, Spies et al. 1990). Edaphic gaps 

can form over creeks and strearns, while developmental gaps are more cornmonly formed 

by mortality of standing canopy dominants and less commonly formed by uprooted trees 

(Lertzrnan et al. 1996). There appeared to be a greater probability that a Winter Wren 



would use a location if it was a gap. In addition, Winter Wrens preferred openings or 

gaps that had either more deciduous canopy, downed wood or were in areas near creeks 

or strearns. They avoided openings and gaps that had greater cover of moss andor short 

vegetation. There was no evidence that Winter Wrens preferred or avoided any of these 

particdar attributes for the value of the attribute itself Rather those attributes selected 

rnay simply be correlated with the sites, not the cause for selection. 

Microhabitat should influence the allocation of time and energy of the individual 

(Moms 1987). The advantages to Winter Wrens of using a habitat patch with open area 

in the understory or overstory for singing rnay include: 1) better ability to project the Song 

thus limiting attenuation due to obstruction fiom trees and shmbs (Richards 198 1) and 2) 

better visibility for displaying when defending the temtory or attracting mates. Several 

attributes that were associated with microhabitat patches also relate to breeding or 

foraging by Winter Wrens. Small shrubs and vegetation included a large component of 

salal. Sdal is associated with drier sites and it rnay be avoided by Winter Wrens because it 

is difficult to move through and obscures foraging substrates (McLachlin 1983). Riparian 

and moist systems have greater densities of arthropods (McLachiin 1983, Van Home and 

Bader 1990). Downed wood is moist, and the associated arthropod communities rnay 

provide good feeding sites (Hannon et al. 1986, Lofioth 1998). Selection for deciduous 

patches by some bird species is linked to abundance of some taxa of insects (Bunnell et al. 

1991). Thus, Winter Wrens rnay prefer areas influenced by water and areas associated 

with deciduous trees or downed wood because they are prime feeding sites. 

Microhabitat patches around song perches were similar in riparian and upland 

areas, hence, selectivity of Winter Wrens for riparian systems rnay be due to the structure 



of streamside habitat. The structure of the riparian areas in the young and mature forest 

was similar in stmcture to riparian areas in other Douglas-fir dominated forests (Spies et 

al. 1988, Carey et ai. 1991, McGarigal and McComb 1992). Although 1 had determined 

that the percent cover of deciduous trees (mostly red alder) was not correlated with 

riparian systems, red alder is associated with wetter sites and areas of Light penetration 

(Krajina et ai. 1982, McGarigal and McComb 1992). In New Hampshire, Winter Wrens 

used canopy gaps formed from fallen trees that had upturned roots and dense understory 

vegetation (Holmes and Robinson 1988). 

Developrnental gaps in forests may have higher light intensities and greater 

moisture because the canopy no longer shades the site, intercepts rain, and fewer roots 

remove less water (Schaetzl et al. 1989). Pits and mounds are created in the 

microtopography when trees are uprooted. Pits in poorly drained soils flood and become 

locdly wet sites (Beatty and Stone 1986). During the breeding season in 1996, water 

collected in pits £Tom uptumed trees throughout the study area following heavy rains. 

Developmentai gaps rnay produce patches of wetter habitats, with uprooted trees 

providing potential water sources. Developrnental gaps, like edaphic gaps may have 

distinct microclimates as well as vegetation creating heterogeneity in the stand. In the 

young stands that did not have nearby nparian systems, 6 of the 8 Song perches were root 

masses. This suggests that uptumed root masses and their associated developmental gaps 

provide suitable habitats for Winter Wrens in upland areas, and habitat in these patches 

may compensate for lack of riparian habitat. 



Riparian and Upland Habitats Seleaed by Winter Wrens in Young and Mature Forests 

In my study area, the density of Winter Wrens in young forest was sirnilar to that 

in mature forest. This lack of diEerence conflicts with other studies that reported lower 

densities in young forests (Carey et al. 199 1, Eckert et al. 1992, Bryant et al. 1993, 

Hansen et al- 2 995, Savard et al. 1995). However, densities of Winter Wrens in the 

southem Washington Cascades were only higher in wet, more structurally cornplex, old- 

growth stands, while densities in young (55 to 80-year-old), mature (95 to 190-year-old) 

and rnesic to dry old-growth stands did not differ (Manuwal 199 1). If young stands 

provided sub-optimal habitat for Winter Wrens (Van Horne 1983, Pulliam 1988) because 

of lower stnictural diversity and limited environmental resources (Franklin and Spies 

1991), I would have expected either that these stands support fewer Wmter Wrens or that 

Winter Wrens would use alternative Ends of microhabitat. Instead, Winter Wrens in both 

young and mature stands used similar habitats, preferrhg riparian habitats for 

macrohabitat, but exhibiting flexibility and using upland habitats, by exploiting 

microhabitat patches with sirnilar habitat characteristics to those in riparian areas. 

Preferred habitat is provided in the young stands and mature stands, in riparian and upland 

areas, because both edaphic and developmental gaps contribute spatial heterogeneity and 

distinct microclimates, and thus resources that are desirable to Winter Wrens in these 

relatively homogenous forests. Stand structure rather than stand age is the better cnterion 

for wildlife habitat @unne11 et al. 199 11, and habitat relationships of Winter Wrens dong 

the Sunshine Coast are consistent with this hypothesis. 



Chapter 4: Sumrnarv of Conclusions and Management of Coastal Forests 

To maintain habitat capabiiity for wildlife in coasta! forests, some guidelines focus 

on riparian systems (B.C. Ministry of Forests and B.C. Ministry of Environment 199%). 

At the stand-level, riparian systems, which 1 defined for rny study area as creeks (5-10 m) 

and streams (<5 m, including seeps), provide important habitat variation in generally 

homogeneous stands of second-growth forests. This variation is coincident with forest 

attributes that provide food, nesting sites, and cover for wildlife such as Winter Wrens. 

My results indicate that the distribution of territories in mature forest and the singing 

locations of male Winter Wrens in young and mature forest were associated with riparian 

systems of both creeks and streams. Thus, the correspondence between Winter Wrens 

and riparian systems is expressed in both young and mature forests across a range of 

landscapes in the Coastal Western Hemlock Dry Maritime subzone. Winter Wrens also 

respond to habitats iduenced by ground water. Moist systerns are important to Winter 

Wrens because they offer sirnilar habitat values to riparian systems (Le., forest structure 

and microclimate). Other studies of  birds and riparian systems ( L a u e  et al. 1995, Wiebe 

and Martin 1998) also suggest that cornplex forest structure (e-g., inherent edge and 

vegetation) associated with narrow riparian ecotones provides valuable habitat for wildlife. 

However, these studies do not separate the presence of water fiom the structure of 

strearnside habitats. 

Riparian and moist systems may be preferred by Winter Wrens as habitat because 

they have higher productivity of arthropods and greater numbers of nest sites due to 

moisture, microclimate, and particula. forest attributes including deciduous shmbs and 



ferns. However, Wmter Wrens can meet their life requisites in rnesic or dry upland 

habitats and hence, are not strictly associated with rnoist and riparian systems (McGarigai 

and McComb 1992). Upland habitats rnay in part provide important alternative habitats 

because access to preferred riparian or moist systems rnay be constrained by social factors, 

and because habitat preferences of Winter Wrens rnay Vary with local, annual weather. In 

upland areas, structurally heterogeneous patches (e-g., developmental gaps) that are 

infiuenced by light and water (e-g., precipitation) can exhibit conditions sirnilar to those 

near nparian systems, and Winter Wrens rnay use upland areas because of the occurrence 

of these patches and other habitat attributes (e-g., downed wood with arthropods in the 

drier years). Furthemore, my results suggest that uprooted trees in young forest and the 

associated developmental gap rnay provide habitat that compensated for the lack of 

edaphic gaps in some stands. Birds that maintain temtories year round or show site 

tenacity by returning one year to the next, such as the Winter Wrens in my study, must 

choose habitats that can satisQ their needs under variable, often unpredictable 

environmentai conditions (Ruggiero et al. 1988). Winter Wrens thus cue into nparian and 

moist systems as a strategy that ensures they c m  meet their long-term needs within an 

environment t hat varies annually . 

Selection of riparian systems by male Winter Wrens for territories (macrohabitat 

level) affects availability of nest structures and nest patches for both males and fernales, 

and the importance of nest structures rnay dominate habitat selection for the temtory 

(Orians and Wittenberger 199 1, Matsuoka et al. 1997). Selection for riparian systems at 

the macrohabitat level rnay be partly explained by the strong association between nest 

structures and riparian systems. Moist systems do not appear to be as important as 



riparian systems for providing nest sites to Winter Wrens. In mature forest, both 

heterogeneity of stand structure near riparian systems and strong association of two of the 

most preferred nest structures (creek bank and root mass) with nparian systems Likely 

provided superior nesting opportunities for males. 

Gaps in the forest canopy may provide greater densities of food, more diverse 

stand structure, and moister microcIirnates than the surrounding closed-canopy forest. As 

well, gap makers (e.g., uprooted trees, snags) provide nest substrates (Wesolowski 1983, 

Campbell et al. 1997). Males selected relatively open patches compared to the 

surrounding forest for nesting and song perches, and these patches may be associated with 

canopy gaps. The characteristic open understory with downed wood, deciduous shmbs, 

and ferns that was selected as nest sites by males enabled them to advertise their nest, 

provide abundant food, and possibly reduce nest predation. Nest sites selected by femaies 

are confined to those provided by males, but even with this restriction, females selected 

sites that were more secure and easy to access. The variety of substrates used for nests 

reveais that habitat flexibility by Winter Wrens c m  enable them to adapt to managed 

forests. However this resilience is limited because most of the nest substrates selected by 

Winter Wrens are created through the processes of succession and natural disturbance and 

are linked directly to gaps. 

Forest Management 

Winter Wrens are an appropriate species to study to understand effects of 

stand-level forestry because they are found in a variety of habitats and occur in densities 



large enough to obtain a statistical sample. Winter Wrens are also appropriate for 

studying stand-level effects because they are managed under general yidelines (B.C. 

Ministry of Forests and B .C. Ministry of Environment 1995% 1995b) and not under 

special strategies for species at nsk @.C.  Ministry of Forests and B.C. Ministry of 

Environment 1998). Ln addition, Winter Wrens over-winter in coastal forests, and some 

annual and seasonal cornparisons c m  be made without the confounding effects associated 

with neo-tropical migrants. 

Animals can be used to rnonitor environmental quality because factors that affect 

an animal's distribution c m  be used to predict the animal's response following a 

disturbance (Morrison 1986). Insight into the potential implications of forestry activities 

on the system can be obtained by studying Winter Wrens because this species uses specific 

structural attributes within the forest for nesting, feeds on arthropods, and relies on cover 

for security at nest sites. The distribution of Winter Wrens reflects the availability of these 

resources at the stand-level. 

Because of the plasticity of the species, abundance of Winter Wrens may not be an 

appropriate indicator of habitat change (Van Horne 1983). But, I expect that changes in 

habitat use and behaviour of the Winter Wren (e.g., location of nest sites, type of nest 

substrates) may provide more sensitive criteria for detecting short and long-term changes 

in stand-level habitat, than those of other wildlife species ( e g ,  habitat dependents, 

invasive species, sedentary species). For example, polygyny is more comrnoniy observed 

in Winter Wrens in England compared to Winter Wrens in Poland. This increased 

fiequency of polygyny coincides with deforestation and the clumping of individuais dong 

linear hedgerows in England (Wesolowski 1987). Winter Wrens could act as indicators of 



indirect, secondary environmental changes, as has been suggested for bird species in 

generai (e-g., change in microclimate) (Morrison 1986). In addition, occurrence of  species 

relative to environmental gradients, such as successional chronosequences, may identiQ 

thresholds for the amounts of attributes that are required by wildlife. Knowledge of  these 

thresholds would be useful to understand the biology of the species and helpfùl to forest 

management (Hansen et al. 1995, Kremsater 1998). My results apply to the Coastal 

Western Hemlock Dry Maritime subzone and likely other coastal subzones, but they may 

not apply beyond these subzones because behaviour of an animal can vary among broader 

systems and geographic location (Ruggiero et al. 1988). 

Forest managers require irnrnediate feed-back on the effects that different forest 

practices impose on wildlife habitat and they require operational criteria and advice to 

achieve biodiversity and riparian objectives (B.C. Ministry of Forests and B .C. Ministry of 

Environment 1995a, 1995b). 1 contend that through short-term studies of some generaiist 

species, insight may be gained into how biologicai mechanisms within local systems 

(Wiens 1989) are affected by different forest practices. These studies should enable us to 

predict biological implications for long-term forest management. If for example, Winter 

Wrens of the Pacific Northwest have evolved to exploit gaps, then an observed change in 

Winter Wren behaviour or habitat use between second-growth stands that are differentidly 

managed for spatial distribution of gaps, could provide a mechanism to evaluate how 

different forest practices alter the value of wildlife habitat. However, 1 caution that this 

single species approach should only be a tool to guide forest management because 

extrapolation of effects to other species can ignore variation associated with these species 

and must be applied judiciously ( B u M ~  and Kremsater 1990, Noss 1990). 



I undertook my research on the Winter Wren with the intent of using the results to 

develop more specific questions that compare present and proposed management practices 

in second-growth forests. My results support the importance of rnanaging for stand-levei 

habitat components and riparian areas as suggested in several management guidebooks 

(B.C. Ministry of Forests and B.C. Ministry of Environment 1995% 1995b). Based on rny 

research and these guidelines, several recommendations are apparent. 

Both edaphic and developmental gaps appear to have criticai habitat roles for 

Winter Wrens and this emphasizes the need to manage for the structurai heterogeneity that 

these gaps contribute to the stand. Important attributes used by Winter Wrens include 

those associated with gaps such as creek banks, upturned root masses, logs, and snags. 

My research on the Winter Wren emphasizes: the value of biological legacies for wildlife 

including various stages of decay and sizes of logs and snags; creek banks and upturned 

root masses, two substrates that have had limited research to date for habitat values; the 

utility of retaining a deciduous component as both live standing and dead trees for nest 

sites; and the distribution of al1 components within the stand. Stand-level management to 

retain forest structure through microhabitat patches and biological legacies must include a 

mixture of retaining structural components to contribute to  future rotations and using 

silvicultural practices to imitate both vertical and horizontal heterogeneity across the 

stand- 

My research on the Winter Wren supports the need to use ecological stratification 

(Green and Klinka 1994) when managing for structurai attributes within the stand, 

particularly where properties of the coarser scale system may act as a cue identi@ng 

higher quality habitat for a species. The Riparian Guidebook and Operation Planning 



Regdations of the Forest Practices Code (B.C. Ministry of Forestç 1995b) require a 

combination of permanent reserves and management areas to be lef? as linear buffers 

adjacent to aquatic systems. Many of the srnail riparian systems in rny study area would 

ody need, if any, a narrow management area. The abundance of small riparian systems 

and the narrow tram-riparian gradients, patchily associated with the creeks and strearns, 

emphasizes that these narrow comdors should not be separated over time fiom the forest 

matnx. Furthemore, the value of riparian systems for many wiidlife species, such as 1 

found for the Winter Wren, could be important at a fine scale (e-g., annual streams or 

large seeps that would not necessady be managed for under the general guidebook) with 

values varying by environmentai conditions (e.g., weather). My research on Winter Wrens 

suggests that although linear buffers may be used t o  meet some management objectives 

(e-g., fish), patches of habitat that are not necessady linear and include upland areas 

adjacent to smaller nparian systems are aiso of value (McGarigal and McComb 1992, 

Wiebe and Martin 1998) because they provide habitat components for Winter Wrens over 

the long-term. Patches that capture a cross-section of nparian areas and upland areas rnay 

be more effective for managing habitat associated with these smaller streams that have 

unspecified management objectives, rather than a Stream by Stream classi£ication with 

linear zones. Over tirne, patches will recruit habitat components such as upturned root 

masses, snags and logs. Retaining unharvested areas that overlap riparian systems will 

retain edaphic gaps and retaining patches of upland habitat will retain developmental gaps 

during the rotation. 

Amount and distribution of patches or structural elements (e-g., downed wood) for 

wildlife habitat could be stratified by occurrence of riparian systems, but rnoist site senes 



as the finest scale for the influence of water should dso be considered. One method of 

including upland areas under present guidelines could be through retention of patches of 

trees (B.C. Ministry of Forests and B.C. Ministry of Environment I995a). In the short- 

term, attributes that are managed as single components or in isolated patches may be 

diminished in value ifmoist habitats are disrupted, for exarnple, by changes in canopy 

cover or edge (Ruggiero et al. 1988) but over the long-term, they should regain their value 

and support species such as Winter Wrens. 
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Appendix A. Methods for Measuring Site Characteristics and Habitat Attributes. 

1 used nested circular plots to sample habitat attributes. At habitat grid points and 

nest sites, 1 used: 0.002-ha plots (2.65 m radius) for strata <OS m high; O-Ol-ha plots 

(5.64 m radius) for strata 3 . 5  m high or count stems of trees and snags c l 0  cm dbh; and 

0.02-ha plots (7.98 m radius) to count stems of trees and snags 210 cm dbh or to count 

nurnber of uptumed root masses (Stickney 1985, Finch 1989% 1989b, Luttmerding et al. 

1990, Momson et al. 1992, Backhouse 1993, G. Davis pers. comm.). For wren and 

randorn locations on transects (Chapter 3), I estimated canopy cover on 0.20-ha circular 

plots (25 m radius) and cover of ail other vegetation variables on 0.01-ha circular plots. 

At sample plots, two observers independently estimated vertical projections of 

habitat attributes using a visual (ocular) rnethod. I took the mean of these two estimates 

as the percent cover for the plot. Estimates of overstory canopy for trees (deciduous and 

coniferous) included divisions for codominants, intermediates, and suppressed. Estimates 

of understory canopy included divisions for higher strata and lower strata. Estimates of 

understory included percent cover of trees (coniferous and deciduous). shmbs (evergreen, 

deciduous, combined ), fems, herbs, mosses, and downed wood. Most species of fems 

were characteristic of moist to wet sites (e-g., sword fem, lady fern Athyrzzm felixfemina 

and small amounts of deer fem Blechnum spicant ). The most common deciduous shmbs 

in my study blocks, red huckleberry and saimonberry Rubus spectabilis are also 

characteristic of moist to wet sites minka et al. 1989). 1 cornbined percent cover of fems 

and deciduous shmbs into the variable 'Ripail' because it represented moister areas. 

Evergreen shrubs such as sala1 characterize dner, open canopy forests (Klinka et al. 1989). 



1 recorded, as appropriate, for trees and snags: species, dbh, canopy class, wildlie 

tree status, percent bark retained, and decay class. Decay and hardness were combined 

into two decay classes hard outside or soft outside. These data allowed me to estimate 

density of stems per ha by species, arnount of bark retained, and frequency of decay and 

canopy classes. Number of prime (loose soil and rootlets) uptumed root masses or other 

root masses were recorded separately because prime are the preferred type of structure for 

Winter Wren nests. 1 did not measure live stems or snags or count root masses for 

transect measurements (Chap ter 3). 

Distance can be used to descnbe stand characteristics including horizontal forest 

structure. 1 measured distance to nearest upturned root mass. 1 measured mean distance 

to overstory canopy and understory canopy (20.5 m to 10 m high) trees and snags using a 

plotless method (Le., unlirnited distance). Each location was divided into 4 (90°) 

quadrants from a random orientation. 1 then rneasured nearest distance t o  each of the 

attributes in each of these quadrants and used the mean distance (n=4). Mean distance 

describes spatial dispersion, and is an indirect estimate for density (Roth 1976, Noon 

198 1, Finch 1989a, 1989b, Momson et ai. 1992). 

Three adjoining 12.5-rn transects were used at each location to estimate number of 

pieces and volume of downed wood. The first transect was placed at a random direction 

from the grid point and the next two transects were each laid out at 1200 angles to either 

side of the first from the grid point (Marshall 1994, Gerry Davis pers. comm.). Pieces of 

downed wood 22.0 cm dbh were counted if the mid-point intersected the transects. In 

addition to dbh, 1 recorded angle of wood, height of wood above ground, percent decayed 

(O; - 5 ;  X-550; >50), and hardness class (hard fiesh, hard intact, soft blocky, or soil 



wood). Downed wood is presented as volume per ha (calculated from 37.5 m of transect 

per sarnple plot) for decay-hardness classes of soft (>50% decay, blocky or soi1 wood) and 

hard @O% decay hard, intact). 1 modified this method for Chapter 3 because of limited 

funds. 1 only used 2 12.5-111 transects at a 90° right angle; 1 o d y  measured pieces 1 7  cm 

dbh; and I used a third decay-hardness class (Eesh) because 1 expected greater amounts 

of newly fallen trees in the younger stands. 

The area of nested plots or Iength of downed wood transects were not adjusted if 

intersected by streams, creeks or old road tracks. Unlike inventory methods where plots 

are often adjusted to ensure cornparisons of equal growing areas, the measurements from 

my sampling reflect site variability. I included this variability in my sarnpling scheme 

because it could affect distribution of Winter Wrens. 1 applied dope correction with dl 

sampling methods. 

To increase number of samples from the main creeks at the center of each study 

block, 1 placed additional nested circular plots (0.01 and 0.02 ha) in these creek charnels. 

To obtain larger sample sizes of streamside ground vegetation (moss, herbs and small 

shrubs (0.5 m high) in the lower strata, additional 0.002-ha plots were centered 2.65 rn to 

the side of the creek (randornly selected side) at the 25-m intervals dong the main creek. 

Ail of these supplemented plots were placed to avoid overlap with other sampling plots. 



Site characteristics and habitat attributes measured at habitat grid points and at nest sites. 

i Classes i Description of ciass 
Site Characteristics .--------.------.-.-- .----.i-.---i-ii-----*--~--.-"-r-------r-----.----------------. 

i Riparîan systems i main creek i creek only (midy block center) i > -... -- "I-----.-------.- --C -----A .--'-------------- < 

ail creeks and streams i creeks and streams only- --- ------ -------.-.--...--------------- ---- --- ---- ----.------.. ------ 
riparian evidence of water as creek, 

indicated by site series or 
: aidence of water 

CII**-_-----.---------L--------------------A-------.------------- 

Forest Structural Attributes 
Vegetation Cover (%) -- -------------------------------.--------------.--.----------.- --------- 
Ground i duff and rock 

-------.-*-------- -.--P---....+--.----P 

Moss 
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