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INTRODUCTION 

Riparian zones, as ecotones between aquatic and terrestrial ecosystems, 

are recognized for their productivity and structural complexity (Bunnell 1999; 

Gregory 1991).  Due to this complexity, it is often assumed that riparian areas 

provide habitat for a disproportionate number of terrestrial wildlife species.  

Certainly, the importance of riparian habitat to biodiversity, and avian diversity 

specifically, is well established in arid and semi-arid regions of North America 

where riparian habitat contrasts sharply with drier upland areas (Sanders and 

Edge 1998).  However, this relationship may not be as strong in temperate 

forests where riparian zones are less distinct.   

While riparian zones in temperate forests may not be distinct, important 

habitat structural differences can still exist.  A number of studies conducted in the 

Pacific Northwest have documented differences in terrestrial habitat along 

streams compared to upland habitat (Gyug 2000; Kinley and Newhouse 1997; 

McComb 1993; Pabst and Spies. 1999; Pearson and Manuwal 2001).  Generally, 

common patterns include: higher shrub and decidous abundance near streams 

(Pabst and Spies, 1999; Pearson and Manuwal 2001), higher density of trees 

and snags upslope (McComb et al. 1993; Pabst and Spies 1999; Gyug 2000; 

Pearson and Manuwal 2001; Andison and McCleary 2002), and higher density of 

large trees near streams (Gyug 2000; Andison and McCleary 2002).  On TFL 49, 

structural differences were observed between riparian and upland habitat (Maxcy 

et al. 2003).  Riparian zones had fewer trees but more large trees, fewer snags 

but more large snags, more CWD, and higher structural diversity compared to 

upslope habitat.  The biological significance of these differences is not yet clear 

and needs to be assessed by monitoring species that depend on forest attributes 

to fulfill their life history requirements (Bunnell 1999).   

The relative importance of riparian areas in temperate zones varies 

regionally (Kinley and Newhouse 1997; Pearson and Manuwal 2001).  Structural 

differences between riparian and upland habitat do not always reflect differences 

in wildlife species richness, composition, or abundance (Pearson and Manuwal 

2001).  For example, neither avian species richness nor abundance was greater 
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in riparian areas compared to upslope habitats in temperate conifer forests in  

both eastern (Murray and Stauffer 1995; Whitaker and Montevecchi 1995) and 

western North America (Pearson and Manuwal 2001).  However, LaRue et al. 

(1995) observed higher abundance and more territories in riparian stands 

compared to upslope stands in boreal forests of Quebec.  McKinley and 

Newhouse (1997) also observed higher bird species abundance as well as great 

species diversity and evenness along streams compared to upslope habitat in 

montane spruce forests of Southeastern British Columbia.  Given these 

contrasting results, it appears that riparian management must be based on a 

local understanding of riparian habitat. 

Part of understanding the importance of riparian areas in maintaining 

biodiversity on TFL 49 is monitoring species that depend on the habitat attributes 

that exhibit an upslope gradient.  This information will help determine the 

importance of riparian areas on TFL 49 relative to other landbase types, and help 

guide management decisions in the riparian zone.  Non-migratory bird species 

depend on snags, CWD, and conifer foliage to meet a number of life history 

requirements; this is particularly true during the winter when resource availability 

is thought to limit non-migratory bird populations (Newton 1994).  As a result, 

non-migratory birds are good indicators for assessing the importance of structural 

variation between riparian and upland areas on TFL 49. 

The main objective of this study was to test if differences in habitat 

structure between riparian and upland areas were biologically meaningful to the 

species that depend on forested habitat.  Non-migratory birds were selected as 

indicators to address this question.  The specific objectives were to: 1) compare 

the relative abundance and diversity of winter resident birds between riparian and 

upland habitat, 2) establish baseline or reference data for non-migratory birds 

against which future work can be compared, and 3) assess the efficacy of using 

non-migratory birds as the basis for a comprehensive, long-term monitoring 

program.  
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METHODS 

Study design  

This study compared the community similarity and relative abundance of 

winter birds in riparian and upland habitat in three ecosystem types on TFL 49.   

The forest ecosystem types are Ecosystem 7 (mesic/submesic IDF), Ecosystem 

16 (mesic ESSF/MS/ICH), and Ecosystem 23 (mesic/subhygric ESSF)(Serrouya 

et al. 2002).  These three ecosystem groups make up approximately 81% of the 

forested landbase (137,850 ha) in TFL 49.  There were six sampling units 

including one terrestrial and one riparian unit in each ecosystem type.  The 

dominant natural disturbance regime is type 4 (frequent stand-maintaining fires) 

for Ecosystem 7 and type 3 (frequent stand-maintaining fires) for Ecosystems 16 

and 23 (Biodiversity Guidebook 1995).   

We used unlimited-distance point count methodology to measure the 

non-migratory bird community in TFL 49.  The point count method was selected 

over the transect method to increase censusing precision (Herbers and Maxcy 

2001).  We sampled upland and riparian habitat in mature 90 to 150 year old 

stands.  To ensure that sampling was not biased by proximity to forest-clearcut 

edge, replicate stands were a minimum of 30 ha in size.  Using GIS, surveyed 

stands were systematically chosen from a pool of stands fitting age, size, and 

ecosystem criteria.  Systematic criteria included geographic dispersion across the 

TFL and accessibility.  Stands greater than 1 km from vehicle access points were 

excluded from consideration.  From the pool of stands meeting this criteria, 

stands were randomly selected for sampling.     

In ecosystem 7, nine upland sites and twelve riparian sites were sampled.  

In both ecosystem’s 16 and 23, twelve upland sites and nine riparian sites were 

sampled (Table 1).  Between five and eight point counts were conducted per 

sampling unit (mean of 6.9 and 6.7 point counts per stand in upland and riparian 

habitat respectively).  A total of 204 point counts were conducted in upland 

habitat and 216 point counts in riparian habitat.  Upland point counts were a 

minimum of 150 m away from streams, wetlands, and lakes and located 200 m 

apart.  Riparian point counts were 150 m apart, located within 15 m of the stream 
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edge, and linearly followed the stream channel.  Each stand was visited once 

during the study and, to eliminate temporal bias, data collection within each 

sampling unit was spread out across the lenght of this study.  The sampling 

duration at each point count was 10 minutes.  Surveys were conducted from one 

half-hour after sunrise to one half-hour before sunset.  Sampling did not occur 

during “poor” winter weather conditions.  Generally this meant that sampling 

stopped when winds exceeded 15 km/hr, when daytime temperatures were 

below -20° C, and during heavy snowfall.  All stands were sampled between 

January 12th, 2003 and February 25th, 2003.  

Table 1.  Number of replicate stands sampled per sampling unit during the winter 
of 2003 for the TFL 49 winter bird project. 

 Ecosystem type 
 7 16 23 
Upland  9 12 12 
Riparian 12 9 9 

 
Specific data collected for each animal included species, distance at 

detection, number of birds per flock, and activity at detection.  Each animal was 

only recorded a single time at every point count station and only once at every 

replicate when observers were sure the animal had already been enumerated 

(e.g., pileated woodpecker drumming).  Groups of birds were treated as one 

observation in the field, therefore, distance at detection was only recorded a 

single time for each species within a group.   

Data analysis 

Bird species richness was calculated for each of the six sampling units; 

species richness is expressed as the total number of species detected in each 

sampling unit.  As this index is sensitive to the number of stands sampled within 

each sampling unit, total species richness was calculated using only 9 stands per 

sampling unit.  In sampling units where more than nine stands were sampled, 

nine sites were randomly selected.   

The relative abundance was also calculated for individual species in each 

sampling unit; however, the relative abundance was not calculated for species 
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with a small number of detections (e.g., barred owl and black-backed 

woodpecker).  To estimate the relative abundance, the mean number of 

observations per point count at a site was calculated.  This site average was then 

used to calculate the overall mean relative abundance for each sampling unit.  

Relative abundance estimates were corrected for the distance-at-detection 

sampling bias associated with habitat and species.  No difference between 

riparian and upland habitat was detected for small birds (chickadees, golden-

crowned kinglets, and brown creepers); 80% of all small bird observations were 

recorded within 40 m of the observer.  However, we did detect a habitat bias for 

large birds (e.g., red-breasted nuthatch, crossbills, Clark’s nutcracker, and three-

toed woodpeckers).  Eighty percent of all large bird detections in the riparian 

landbase were recorded within 60 m of the observer; this increased to 80 m in 

the upland landbase.  

To calculate 90% confidence intervals data was transformed to meet 

assumptions of normality.  The relative abundance estimates for all species was 

log transformed except for the boreal chickadee which was square root 

transformed.  Means and 90 % confidence intervals (90% CI) were then 

converted back to the original scale following Krebs (1989) to display the data.  

The confidence intervals provide a visual means of assessing significant 

differences.  Mean relative abundance estimate are expressed per 10 hectares 

for each species. 

To compare the similarity of bird communities between sampling units, the 

Renkonen Percent Similarity Index was used (Renkonen 1938, cited in Krebs 

1989).  If two communities have exactly the same species in the same 

abundance then percent similarity = 100, if none of the species are the same 

then percent similarity = 0.  Birds not detected in the stand boundaries were 

excluded from all analyses.   

RESULTS  
 During winter bird sampling in TFL 49, we detected 25 species of birds in 

the upland and riparian landbase of TFL 49 (Table 2).  Total species richness 

varied from 12 to 15 (Figure 1).  Mean species richness range from a low of 2.8 
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species in the upland habitat of ecosystem 23 to a high of 6.2 species in upland 

habitat of ecosystem 7.  No statistically significant differences were observed 

between mean species richness in riparian compared to upland habitat for any 

ecosystem.  However, mean richness in the riparian habitat of ecosystem 7 

appears to be lower than upland habitat.  Overall, species richness tended to be 

highest in ecosystem 7, followed by ecosystem 16, and 23.        

 
Table 2.  Species detected in upland and riparian habitat during winter sampling 
on TFL 49. 
Common Name Scientific Name 
Barred Owl  Strix varia 
Black-backed Woodpecker  Picoides arcticus 
Black-capped Chickadee  Parus atricapillus 
Boreal Chickadee  Parus hudsonicus 
Bohemian Waxwing  Bombycilla garrulus 
Brown Creeper  Certhia americana 
Cedar Waxwing  Bombycilla cedrorum 
Clark's Nutcracker  Nucifraga columbiana 
Common Raven  Corvus corax 
Common Redpoll  Carduelis flammea 
Golden-crowned Kinglet  Regulus satrapa 
Gray Jay  Perisoreus canadensis 
Hairy Woodpecker  Picoides villosus 
Mountain Chickadee  Parus gambeli 
Northern Saw-whet Owl  Aegolius acadicus 
Pine Grosbeak Pinicola enucleator 
Pine Siskin  Carduelis pinus 
Pileated Woodpecker  Dryocopus pileatus 
Red-breasted Nuthatch  Sitta canadensis 
Red Crossbill  Loxia curvirostra 
Ruffed Grouse  Bonasa umbellus 
Steller's Jay  Nocitta stelleri 
Three-toed Woodpecker  Picoides tridactylus 
Winter Wren  Troglodytes troglodytes 
White-winged Crossbill  Loxia leucoptera 
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Figure 1.  Total and mean number (2SE) of non-migratory bird species detected in 
upland and riparian habitat during the winter (January-February) of 2003. 
 
    Sixteen of the 25 species in this study were detected frequently enough to 

permit estimates of relative abundance between sampling units.   

The community similarity index showed some differences in community 

structure between ecosystem types (Figure 2).  The bird communities in 

ecosystem 7 and 16 were most similar, ranging from 70% to 72%.  The Upland 

ecosystem 23 had the most distinct bird community, sharing approximately 50% 

similarity with the other two ecosystems.  Generally, species that were most 

abundant in ecosystem 7 were least abundant in ecosystem 23.    
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Figure 2. Relative abundance and percent similarity of common bird species in 
TFL 49 during the winter (January-February) of 2003.  For individual species, 
bars represent the proportion of detections in each landbase.   
 

Most species showed a difference in the number of detections between 

sampling units (Figure 2).  However, high variation and small sample sizes limit 

our ability to make statistical inferences for many of these species.  Relative 

abundance is presented for the 12 most abundant species in this study (Figure 

3). 

Black-capped, mountain and boreal chickadees, red crossbills, Clark’s 

nutcrackers, and pileated woodpeckers showed strong ecosystem trends (Figure 

3A, B, C, G, I, and K).  With the exception of the boreal chickadee, all species 

declined from ecosystem 7 to ecosystem 23.  Although not as strong a trend, red-

breasted nuthatches (Figure 3F) also appear to decline from ecosystem 7 to 

ecosystem 23.  The boreal chickadee showed the opposite pattern; boreal 

chickadees were absent from ecosystem 7 and were most abundant in 

ecosystem 23.  No other species showed a similar trend of increasing abundance 

from ecosystem 7 to 23.   

Several species also showed a relationship with riparian habitat.  Boreal 

chickadees and brown creepers appear to have a higher abundance on the 
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riparian portion of the landbase regardless of ecosystem type (Figure 3C, D).  In 

particular, boreal chickadees in ecosystem 23 and brown creepers in ecosystems 

16 and 23 appear to have higher abundances than in upland habitat.  Other 

species are consistently more abundant in the upland including: mountain 

chickadee, red crossbill, Clark’s nutcracker, and pileated woodpecker (Figure 3B, 

G, I, K).   

While many species do not show any difference between upland and 

riparian habitat in ecosystem’s 7 and 16, a number show increased abundance in 

the riparian habitat in ecosystem 23.  Boreal chickadees, brown creepers, pine 

grosbeaks, red-breasted nuthatches, crossbills, gray jays, and three-toed 

woodpeckers generally range from 2.5 to 4.1 times more abundant in the riparian 

than upland landbase in ecosystem 23 (Figure 3C, D, E, F, H, J, and L).   
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Figure 3.  Relative abundance (90% CI) of non-migratory bird species in TFL 49 
during the winter (January-February) of 2003.     
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Figure 3 cont.  Relative abundance (90% CI) of non-migratory bird species in 
TFL 49 during the winter (January-February) of 2003.     
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Figure 3 cont.  Relative abundance (90% CI) of non-migratory bird species in 
TFL 49 during the winter (January-February) of 2003.     

DISCUSSION 
The main objective of this study was to test if differences in habitat 

structure between riparian and upland areas were biologically meaningful using 

winter-resident birds as indicators of habitat quality.  Generally results suggest 

that of the three ecosystems tested, ecosystem 7 provides the highest quality 

habitat for winter-resident birds.  Further, for many winter resident birds, riparian 

habitat in ecosystem 7 was not higher quality habitat compared to upland habitat.   

Similarly, riparian habitat in ecosystem 16 does not appear to have a higher 

abundance or diversity of birds than upland habitat.  Surprisingly however, many 

bird species in ecosystem 23 had higher abundances in riparian compared to 

upland habitat.  These results taken together suggest the importance of riparian 

habitat is not the same in all ecosystems in TFL 49.  Further, while many species 

did not seem to be influenced by stream presence, five species were associated 

with riparian areas in at least two of the three ecosystems and these ecosystems 

were not all the same.  For these species, efforts that maintain structure around 

streams will likely provide high quality habitat.  

Species richness and community composition 
Several structural elements in ecosystem 7 and 16 exhibited consistent 

and strong patterns with distance from stream including higher density of large 

trees and large snags along streams compared to upland habitat (Maxcy et al. 
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2003).  Despite these structural differences, little difference in species richness or 

community similarity were detected between riparian and upland habitat.  

Pearson and Manuwal (2001) also observed no difference in bird species 

richness or species composition between these two habitats in spite of structural 

differences.  This result is not surprising given that all important habitat elements 

were present in both habitats.  Further, we exclusively sampled mature conifer 

stands; measures of species composition and richnesss tend to show more 

divergence when different forest age classes are examined (e.g., (Huff 1991; 

Mannon and Meslow 1984).  Therefore, while levels of structural attributes show 

variation between riparian and upland habitat, the habitat requirements for the 

species that we examined may still be met in both habitats.  Of the three 

ecosystems, ecosystem 23 showed the least differentiation between riparian and 

upland habitat in levels of structural elements (Maxcy et al. 2003); no difference 

in species richness and composition was expected and none was observed.  

Relative abundance 
As a result of the structural differences between riparian and upland 

habitat in ecosystems 7 and 16, differences in the abundance of winter-resident 

birds was expected.  Winter weather influences foraging strategies and habitat 

selection of resident birds (Haveri and Carey 2000); the availability of foraging 

habitat and thermal cover is likely critical to the survival of resident birds during 

the winter (Huff 1991).  As many of resident birds found in TFL 49 are dependant 

on large trees and snags for foraging and roosting, they were expected to prefer 

riparian habitat because of higher density of these resources.  However, in both 

ecosystem 7 and 16, many species were actually observed more frequently in 

upland habitat compared to riparian areas, with only a few species more 

abundant in riparian areas.  These results are generally comparable with (Gyug 

2000; Kinley and Newhouse 1997; Pearson and Manuwal 2001) who observed 

that most species showed no difference in bird abundance between riparian and 

upland habitat, with a few exceptions.   

In ecosystems 7 and 16, many of the seed-eating birds were more 

abundant or equally abundant in upland than riparian habitat.  These include: red 
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crossbill, white-winged crossbill, Clark’s nutcracker, and the gray jay.  In addition 

species that tend to forage on insects in the summer but switch to seeds in the 

winter showed a similar pattern.  These are black-capped chickadees, mountain 

chickadees, and red-breasted nuthatchs.  These results suggest some 

differences in food availability may exist between riparian and upland habitat, 

such that trees further away from streams might make better foraging sites.  

However, many of these same bird species were more abundant in riparian areas 

in ecosystem 23 suggesting the opposite pattern (i.e. riparian areas in ecosystem 

23 provided higher quality habitat than upland areas).  In particular, the boreal 

chickadee was the only species to have its highest abundance in ecosystem 23 

and was also more abundant in riparian areas.  Boreal chickadees prefer 

spruce/balsam forests and where its range overlaps with other chickadees, it is 

always found at higher elevations (Ficken et al. 1996).  Similar to black-capped 

and mountain chickadees, it is omnivorous but forages primarily on seeds during 

the winter months.  Its distribution relative to the stream in ecosystem 23 

suggests that riparian areas in ecosystem 23 are providing a higher quality 

habitat compared to upland habitat.  Thus, despite the lack of structural 

differences between riparian and upland habitat in ecosystem 23, many 

winter-resident birds indicate that riparian areas in this ecosystem are 

disproportionately more important than upland habitat. 

Brown creepers and golden-crowned kinglets showed interesting patterns 

with respect riparian and upland habitat in more than one ecosystem.  Brown 

creepers are insectivorous and prefer to forage on large trees with deeply 

furrowed bark (e.g., Douglas-fir trees) which have higher densities of insects than 

smaller trees (Hejl et al. 2002).  As mentioned earlier, Maxcy et al. (2003) found 

the highest densities of large trees and snags along streams.  As a result, brown 

creepers may be more abundant in riparian habitat because of the high density of 

high quality foraging sites.  The golden-crowned kinglet, also an insectivore, may 

have a strong riparian association.  Little is known about the life-history 

characteristics of golden-crowned kinglets, however, Kinley and Newhouse 

(1997) and Gyug (2000) both observed higher abundances along streams during 
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the breeding season.  Similar to the brown creeper, the golden-crowned kinglet 

may be responding to higher quality of foraging habitat along streams.   

  Most bird studies examining the importance of riparian areas are 

conducted in one forest type only (e.g., Kinley and Newhouse 1997; Pearson and 

Manuwal 2001), and rarely in two ecosystem types (e.g., Gyug 2000).  Further, 

most studies of riparian bird communities are conducted during the spring 

breeding season.  Our study compared the relative abundance of birds in three 

ecosystem types during the winter.  Our results and others conducted in similar 

forest types (i.e., Kinley and Newhouse 1997; Gyug 2000) indicate the 

importance of riparian areas to certain species and this relative importance may 

change between seasons as well as between ecosystems.  In our study many 

birds showed no response to riparian areas in one or two ecosystem types but 

did have increased abundance in a third ecosystem type.  This pattern was 

particularly strong along streams in ecosystem 23 for many species that had 

shown no pattern relative to streams in either ecosystem 7 or 16.  Further, 

comparisons between our study and others conducted in similar forest types 

show that variation makes it difficult to generalize between seasons, and, in 

particular, ecosystems.  Generally, this emphasizes the need for riparian 

management that is based on a local ecosystem understanding of riparian habitat 

in more than one season.  Regardless, patterns observed in this study and others 

(e.g., Kinley and Newhouse 1997; Gyug 2000) confirm that riparian areas do 

provide important habitat for some species during both the summer and winter 

seasons, and management activities that maintain structure around streams is 

warranted.  

There are some notes of caution when interpreting results of this study.  

This study was conducted in only one season and it cannot be assumed that 

these results will apply to bird species in other seasons.  Many researchers have 

observed changes in bird species distribution from the summer to the winter 

(e.g., Morrison et al. 1986; Manuwal and Huff 1987; Huff et al. 1991).  Studies 

that have noted differences in bird abundance between riparian and upland 

habitat have been conducted during the breeding season; therefore, while 
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riparian areas in ecosystem 7 and 16 tend not to have an abundance of winter 

resident birds that is disproportionately high compared to upland sites, different 

results may be obtained during the breeding season.  For example, all cavity 

nesting birds detected in this study show a preference for large, decadent trees, 

and/or snags as preferred nest sites (Klenner and Huggard 1998, Bunnell et al. 

1999).  Both large trees and snags have higher densities along streams in TFL 

49 in both ecosystem 7 and 16 (Maxcy et al. 2003); therefore, the relative 

importance of riparian areas may change depending on the season. Further, 

winter-resident birds are only one component of both the bird community and 

biological diversity generally.  Migratory birds that breed in these three 

ecosystems may show different responses to riparian areas than did the non-

migratory birds.  Other components of biodiversity should also be tested to 

determine if habitat structure between riparian and upland habitat is biologically 

meaningful.  

MANAGEMENT IMPLICATIONS 
 The single most important implication of this research is that riparian 

habitat in ecosystem 23 may be contributing more to the maintenance of 

biological diversity than the habitat characteristics have suggested.  Maxcy et al. 

(2003) found that of the three dominant ecosystems in TFL 49, riparian habitat in 

ecosystem 23 appeared to be the least distinct, and therefore, the least important 

for maintaining biological diversity.  Surprisingly, results from this study suggest 

that the opposite might be true.  Confirming this result using other species and 

across other seasons would substantially increase our confidence that 

ecosystem 23 should be given priority in planning.   

 Conversely, riparian areas in ecosystem 7 and 16 appeared not to 

contribute disproportionately to maintaining biological diversity.  The reasons for 

this are not clear.  Riparian habitat in ecosystems 7 and 16 have a higher 

abundance of large trees, large snags, CWD, and higher structural diversity.  Our 

expectation was that riparian habitat would contribute more to maintaining 

populations of non-migratory birds than upland habitat.  The results of this study 

suggest that this may not be occurring for most species.  Again, confirming this 
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result using other species and across other seasons would increase confidence 

that riparian habitat in these ecosystems should be given a lower priority in 

planning.   
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