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Abstract Stream-riparian ecosystems are dynamic and

complex entities that can support high levels of bird

assemblage abundance and diversity. The myriad patches

(e.g., aquatic, floodplain, riparian) found in the riverscape

habitat mosaic attract a unique mixture of aquatic, semi-

aquatic, riparian, and upland birds, each uniquely utilizing

the river corridor. Whereas standard morning bird surveys

are widely used across ecosystems, the variety of bird

guilds and the temporal habitat partitioning that likely

occur in stream-riparian ecosystems argue for the inclusion

of evening surveys. At 41 stream reaches in Vermont and

Idaho, USA, we surveyed bird assemblages using a com-

bination of morning and evening fixed-width transect

counts. Student’s paired t-tests showed that while bird

abundance was not significantly different between morning

and evening surveys, bird assemblage diversity (as mea-

sured by species richness, Shannon-Weiner’s index, and

Simpson’s index) was significantly higher in the morning

than in the evening. NMS ordinations of bird species

and time (i.e., morning, evening) indicated that the struc-

ture of morning bird assemblages was different from that of

evening assemblages. NMS further showed that a set of

species was only found in evening surveys. The inclusion

of evening counts in surveying bird assemblages in stream-

riparian ecosystems has important experimental and eco-

logical implications. Experimentally, the sole use of

morning bird surveys may significantly underestimate the

diversity and misrepresent the community composition of

bird assemblages in these ecosystems. Ecologically, many

of the birds detected in evening surveys were water-asso-

ciated species that occupy high trophic levels and aerial

insectivores that represent unique aquatic-terrestrial energy

transfers.

Keywords Aquatic-terrestrial energy transfers �
Bird assemblage diversity and composition � Guild �
Riverscape � Surveys

Riverscapes are dynamic ecosystems that support a unique

assemblage of aquatic, semi-aquatic, riparian, and upland

bird species (Sullivan and others 2007). Riverscapes are

integrated ecological units that incorporate the component

patch habitats (e.g., river corridor, floodplain, riparian

zone) into an integrated ecological unit (Malard and others

2000). These ecosystems harbor high levels of bird abun-

dance and diversity (Knopf and others 1988; Saab and

others 1995; Woinarski and others 2000; Sullivan and

others 2007), and the importance of riparian areas to bird

communities has been well documented (Saab 1999;

Woinarski and others 2000). In fact, riparian areas in the

western North America have been identified as critical

habitats for neotropical migrant and resident birds (Dono-

van and others 2002), whose loss is the leading cause of

bird population declines (DeSante and George 1994).

The structural diversity of stream-riparian ecosystems

can influence the abundance, diversity, and composition of

bird assemblages (Dobkin and others 1998). While bird

assemblages can be strongly influenced by local habitat-

scale factors, factors functioning at the riverscape and

landscape scale are also important determinants of avian
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assemblage composition (Manel and others 2000; Sullivan

and others 2007). Bird assemblages that utilize riverscapes

are also likely to vary temporally. For instance, at a sea-

sonal scale, riparian habitats are noted to have communities

that vary between breeding and migratory seasons due to

the high use of riparian habitats as either migratory corri-

dors (Machtans and others 1996; Finch and Yong 2000) or

as stopover sites (Skagen and others 1998; Kelly and others

1999; Skagen and others 2005). Due to the wide range in

foraging habits exhibited by birds in riverscapes, daily

patterns of use are also likely to differ. For instance,

piscivores such as belted kingfishers (Ceryle alcyon) are

likely to be active at different times of the day than foliage

gleaning warblers.

The wide variety of bird guilds that use riverscapes, and

the temporal habitat partitioning that likely occurs in riv-

erine ecosystems, suggests that evening surveys might

supplement our understanding of birds in riverscapes.

However, investigations of riparian bird assemblages are

typically restricted to morning surveys (Meiklejohn and

Hughes 1999; Bryce and others 2002; Hanowski and others

2003; Earnst and others 2005). Based on a thorough search

of the peer-reviewed literature, no study other than one by

the current lead author (Sullivan and others 2007) has

incorporated both morning and evening surveys in riparian

systems.

Morning-only protocols are consistent with standard

bird surveys in a wide variety of systems (Ralph and others

1995; Robinson and others 2001; Wretenberg and others

2007). Some studies, however, have integrated evening

surveys into their experimental design. Marsh bird surveys

and other protocols used to monitor wetland-dependent

species often require evening surveys (Weeber and others

1999; Krzys and others 2002). These investigations typi-

cally have focused on the detectability of single species of

interest. For instance, Dobkin and Rich (1998) used

evening surveys to increase their detectability of Virginia

rails (Rallus limicola), and Conway and others (2004) used

this approach for California black rails (Laterallus

jamaicensis).

The importance of riparian areas for bird communities

and populations has demonstrated the need for accurate and

comprehensive methods of surveying and monitoring riv-

erscape birds (Saab and others 1995). In conjunction with

this, the remarkable diversity of bird guilds that frequent

and/or inhabit stream-riparian ecosystems (Knopf and

others 1988; Knopf and Samson 1994; Woinarski and

others 2000; Sullivan and others 2007) suggests that

morning surveys alone might be unable to capture the

range of birds using these ecosystems. To this end, our

objective was to compare avian assemblage characteristics

(i.e., abundance, diversity, and composition) between

morning and evening surveys, with the hypothesis that

these characteristics would differ between morning and

evening surveys, and that the incorporation of evening

surveys would particularly augment our detection of

riparian- and water-associated species.

Methods

Study Sites

From 2003 through 2007, we surveyed bird assemblages at

41 stream reaches. To evaluate the applicability of our

results across geographic regions, study streams and rivers

were located in two spatially distinct geographic regions:

Vermont and Idaho (*3350 km apart). Twenty-nine

reaches were distributed across 27 streams in the Champ-

lain Valley of northern Vermont and 12 reaches were

spread across 9 streams in the Frank Church ‘River of No

Return’ Wilderness in central Idaho. In Vermont, the Lake

Champlain Basin is dominated by forested and agricultural

landscapes (Meals and Budd 1998). The matrix of forest

patches along reaches included northern hardwood, mixed

northern hardwood-conifer, and pure conifer cover types

and encompassed a full diversity of successional condi-

tions. In Idaho, the landscape of the Frank Church Wil-

derness is dominated by conifer forests of Douglas fir and

lodgepole pine, interspersed with meadows and the dry

mountain slopes of the Salmon River Mountains (USDA

2001). Fire represents the greatest ecosystem-level distur-

bance. Overall, the 41 study reaches captured a range of

stream sizes, gradients, and watershed positions: bankfull

width (1.25–35.18 m, �x = 15.2 m, SD = 9.9 m), slope

(0.02–2%, �x = 0.45%, SD = 0.45%), and stream order

(2–7, �x = 3.4, SD = 1.3). Reaches also represented a

range of land cover types and habitat conditions. Stream

morphologies were predominantly pool-riffle, plane bed,

and dune-ripple morphologies (see Montgomery and

Buffington 1997).

Bird Surveys

We conducted all bird surveys from mid-May through mid-

June, during the period of peak birdsong in both study

regions, anticipating that the majority of detections would

be auditory. We conducted two surveys of each stream

reach in the morning (sunrise to 4 h after sunrise) and again

in the evening (3 h before dusk to dusk).

To quantify diversity, we summed all bird species that

we surveyed at each reach during both the morning and the

evening surveys. We calculated abundance estimates by

adding all individuals surveyed at each reach. To avoid

double-counting the same individual birds, we used only

the larger number of individuals of each species between
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the morning and the evening surveys. We included

migrants and other ‘‘nonresident’’ birds from the surveys

but excluded immature birds.

Although our objective was more to characterize bird

assemblage composition and relative abundance across a

set of stream reaches than to estimate bird population

densities, we remained aware of the potential problems

associated with detection probability (e.g., Burnham 1981;

Thompson 2002). Therefore, we used the double-observer

method (Nichols and others 2000) along fixed-width line

transects. We selected line transects because the geometry

of line transects parallels the longitudinal nature of streams

and line transects yield more detections per unit time

(Bollinger and others 1988) than point counts. Line tran-

sects have also been shown to minimize potential bias

resulting from evasive movements of birds (Rosenstock

and others 2002).

At each stream reach, we established 250 m parallel

transects on each side of the stream at the bankfull width.

We centered transects within the reach and flagged them at

25-m intervals. The transect width extended 25 m into the

riparian zone on one side and into the middle of the stream

channel on the other.

The double-observer method also helped us reduce the

number of birds not detected but present (Nichols and

others 2000). The observers walked steadily along each

transect at a pace of 100 m/10 min (Ralph and others

1993), consistently spending 25 min at all morning and

evening survey transects. We conducted all bird surveys on

days without measurable precipitation or wind. We treated

groups of birds as a single observation for purposes of

distance and location.

Although we considered using distance sampling to

address potential differences in detectability of different

species, detection probability likely approaches 1.0 at dis-

tances B25 m (Diefenbach and others 2003). Our 25-m

transect half-width (which was completely open on the

channel side) along with the double-observer method gave

us confidence that our surveys accurately represented the

abundance and composition of the bird assemblage at each

site.

Data Analysis

We used Jaccard’s Coefficient of Community Similarity

(Jaccard 1908; Mueller-Dombois and Ellenberg 1974;

Magurran 1988) to compare the similarity of the morning

versus evening diversity across the 34 study reaches. Jac-

card’s coefficient is the intersection divided by the union of

the sample sets, J(A,B) = jA \ Bj/jA [ Bj, and has been

used frequently to compare bird communities (Meiklejohn

and Hughes 1999; Blake and Loiselle 2000; Latta and

others 2003). Because of the nonnormal distribution of

morphological stream variables, we used Spearman’s rho

analysis to test for potential correlations between measures

of stream morphology and Jaccard’s coefficient.

We calculated measures of assemblage diversity (spe-

cies richness [S], Shannon-Weaver index [H0], Simpson

index [D]) for morning and evening surveys for all sites.

S is the simplest measure of diversity. The Shannon-

Weiner index is an informational index in which the greater

number of species and a more even distribution both

increase diversity as measured by H0. Simpson’s index, a

dominance index, weights values towards the abundance of

the most common species, and is commonly expressed as

1/D.

We performed paired Student’s t-tests using JMP 5.0.1

Statistical Discovery Software (SAS Institute, Cary, NC) to

test for potential differences in morning and evening

assemblage diversity. When necessary, transformations

were used to normalize data and eliminate heteroscedas-

ticity prior to analysis (Snedecor and Cochran 1967; Zar

1984). To explore the riparian- and water-associated bird

assemblages further, we used nonmetric multidimensional

scaling (NMS) in PC-ORD (Kruskal 1964; Mather 1976;

McCune and Mefford 2006) to compare the structure of

morning and evening bird assemblages and to graphically

compare the similarity in species composition between

times. This method uses an iterative search for the best

position of n entities (i.e., species) on a reduced number of

k axes that minimizes the ‘‘stress’’ of the resulting

k-dimensional ordination. Low stress (McCune and Grace

2002) indicates the greatest correspondence between

ranked distances in the original n-dimensional space and

ranked distances in the reduced k-dimensional space. NMS

was conducted with species, abundance, and time (i.e.,

morning and evening) as input variables, using the Soren-

sen (Bray-Curtis) distance and 200 randomizations. We

chose a two-dimensional solution for the ordination and set

a stability criterion of 0.00001; the solution ended after 10

iterations within this stability. We used a joint plot to show

the strongest correlation (Pearson’s r) between species and

time data and the ordination axes. The proportion of vari-

ance represented by each axis in the ordination was mea-

sured by calculating the coefficient of determination (r2)

between distances in the original n-dimensional space and

those in the two-dimensional ordination space.

Results

We recorded 116 species across the 41 sites (Table 1).

Thirty-seven percent of species were common to riparian

habitat, 15% were waterbirds, and the remaining 48%

consisted of species that prefer upland habitats. In Ver-

mont, the most common species included song sparrows
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Table 1 Common and

scientific names of all bird

species, along with habitat in

which each species is

commonly found, and region

(VT, Vermont; ID, Idaho) and

time detected

Common name Scientific name Habitat Region Time

Alder flycatcher Empidonax alnorum R VT B

American black duck Anas rubripes WB VT AM

American crow Corvus brachyrhynchos U VT, ID B

American dipper Cinclus mexicanus WB ID PM

American goldfinch Carduelis tristis U VT, ID B

American kestrel Falco sparverius U ID B

American redstart Setophaga ruticilla R VT, ID B

American robin Turdus migratorius U VT, ID B

Baltimore oriole Icterus galbula R VT B

Barn swallow Hirundo rustica R VT PM

Belted kingfisher Megaceryle alcyon WB VT, ID B

Black and white warbler Mniotilta varia U VT B

Black-backed woodpecker Picoides arcticus U ID PM

Black-billed magpie Pica hudsonia U ID B

Black-capped chickadee Parus atricapillus U VT B

Black-headed grosbeak Pheucticus melanocephalus U ID AM

Blackpoll warbler Dendroica striata U VT AM

Black-throated blue warbler Dendroica caerulescens U VT AM

Black-throated green warbler Dendroica virens U VT PM

Blue grouse Dendragapus obscurus U ID B

Blue jay Cyanocitta cristata U VT B

Blue-gray gnatcatcher Polioptila caerulea R VT B

Blue-winged teal Anas discors WB VT B

Bobolink Dolichonyx oryzivorus U VT PM

Broad-winged hawk Buteo platypterus U VT B

Brown creeper Certhia familiaris U VT B

Brown thrasher Toxostoma rufum R VT B

Brown-headed cowbird Molothrus ater U VT B

Bullock’s oriole Icterus bullockii R ID AM

Canada goose Branta canadensis WB VT B

Canyon wren Catherpes mexicanus U ID AM

Cape May warbler Dendroica tigrina U VT AM

Carolina wren Thyrothorus ludovicianus R VT PM

Cedar waxwing Bombycilla cedrorum R VT B

Chestnut-sided warbler Dendroica pensylvanica U VT B

Common goldeneye Bucephala clangula WB VT PM

Common grackle Quiscalus quiscula R VT B

Common merganser Mergus merganser WB VT, ID B

Common nighthawk Chordeiles minor U VT PM

Common snipe Gallinago gallinago R VT AM

Common yellowthroat Geotylylipis trichas R VT B

Dark-eyed junco Junco hyemalis U VT, ID B

Double-crested cormorant Phalacrocorax auritus WB VT PM

Downy woodpecker Picoides pubescens R VT B

Dusky flycatcher Empidonax oberholseri R ID B

Eastern kingbird Sialia sialia R VT, ID B

Eastern phoebe Sayornis phoebe R VT B

Eastern tufted titmouse Parus bicolor U VT AM

Eastern wood-pewee Contopus virens U VT PM
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Table 1 continued
Common name Scientific name Habitat Region Time

European starling Sturnus vulgaris U VT B

Fox sparrow Passerella iliaca U ID B

Golden-crowned kinglet Regulus satrapa U VT B

Gray catbird Dumetella carolinensis R VT B

Great blue heron Ardea herodias WB VT AM

Great-crested flycatcher Myiarchus crinitus R VT B

Great-horned owl Bubo virginianus U VT B

Green heron Butorides striatus WB VT PM

Green-winged teal Anas crecca WB ID PM

Hairy woodpecker Picoides villosus U VT B

Hooded merganser Lophodytes cucullatus WB VT PM

House wren Troglodytes aedon U VT B

Lazuli bunting Passerina amoena R ID B

Least bittern Ixobrychus exilis WB VT AM

Least flycatcher Empidonax minimus R VT B

Lewis’s woodpecker Melanerpes lewis R ID B

Macgillivray’s warbler Oporornis tolmiei R ID B

Mallard Anas platyrhynchos WB VT, ID B

Mourning dove Zenaida macroura U VT, ID B

Northern cardinal Cardinalis cardinalis U VT B

Northern flicker Colaptes auratus R VT, ID B

Northern mockingbird Mimis polyglottos U VT PM

Northern parula Parula americana R VT B

Northern rough-winged swallow Stelgidopteryx ruficollis R VT, ID B

Orange-crowned warbler Vermivora celata R ID AM

Ovenbird Seiurus aurocapillus U VT B

Philadelphia vireo Vireo philadelphicus R VT AM

Pileated woodpecker Dryocopus pileatus U VT B

Red-bellied woodpecker Centurus carolinas U VT PM

Red-eyed vireo Vireo olivaceus R VT B

Red-shouldered hawk Buteo lineatus R VT AM

Red-tailed hawk Buteo jamaicensis U VT, ID B

Red-winged blackbird Agelaius phoeniceus R VT B

Ring-billed gull Larus delawerensis WB VT B

Rock dove Columba livia U VT P

Rose-breasted grosbeak Phescticus ludovicianus U VT B

Ruby-throated hummingbird Archilochus colubris U VT B

Rufous hummingbird Selasphorus rufus U ID B

Scarlet tanager Piranga olivacea U VT B

Sharp-shinned hawk Accipiter striatus U ID AM

Song sparrow Melospiza melodia R VT, ID B

Spotted sandpiper Actitis macularia WB VT, ID B

Spotted towhee Pipilo maculatus U ID B

Swamp sparrow Melospiza georgiana R VT PM

Tree swallow Iridoprocne bicolor R VT B

Tufted titmouse Baeolophus bicolor U VT AM

Turkey Meleagris gallopavo U VT PM

Veery Catharus fuscescens R VT B

Vesper sparrow Poocetes gramineus U VT PM
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(Melospiza melodia; found at 67.6% of sites), American

robins (Turdus migratorius; found at 61.8% of sites), and

common yellowthroats (Geothlypis trichas; found at 58.8%

of sites). Idaho sites had a similar complement of common

species. American robins were found at 72.7% of sites,

yellow warblers (Dendroica petechia) and song sparrows at

63.6% of sites, and white-throated swifts (Aeronautes

saxatalis) at 54.5% of sites.

Jaccard’s similarity coefficient ranged from 0% to

55.6% (Table 2). Most sites exhibited an overlap of species

between the morning and the evening surveys, with a mean

assemblage similarity of 28.7%, suggesting that at least a

core set of bird species was using the riverscape habitats

repeatedly on a diel basis. The majority of these core

species included ubiquitous granivores and generalists

(American goldfinch [Carduelis tristis], American robin,

black-capped chickadee [Parus atricapillus], blue jay

[Cyanocitta cristata], European starlings [Sturnus vulga-

ris]), although a few common riparian species also com-

prised part of this group (common grackle [Quiscalus

quiscula], gray catbird [Dumetella carolinensis], song

sparrow [Melospiza melodia], red-winged blackbird

[Agelaius phoeniceus]). Patterns in assemblage similarity

between morning and evening bird surveys were consistent

across streams, regardless of bankfull width (r = –0.090,

p \ 0.582), slope (r = –0.054, p \ 0.739), or stream order

(r = –0.206, p \ 0.197).

S ranged from 2 to 20 species in the morning and from 1

to 19 in the evening. Abundance (A) ranged from 3 to 40 in

the morning, and from 1 to 75 in the evening (Table 2). We

observed a range in H0 of from 0.56 to 3.02 in the morning

and from 0.00 to 3.12 in the evening (Table 2). In our

study, 1/D morning values ranged from 1.60 to 16.86,

while evening values ranged from 0.00 to 14.61. In both

Vermont and Idaho, both diversity measures were signifi-

cantly higher in the morning (Table 3).

Student’s t-tests showed significant differences in morn-

ing and evening avian assemblage diversity (Table 3).

Across all 41 sites, all three measures of assemblage diver-

sity were significantly higher in the morning than in the

evening, with the greatest difference seen in H0. When sites

were analyzed separately by state, patterns in morning and

evening bird assemblage diversity from both Vermont and

Idaho contributed to the significance of the results, with the

exception of Idaho S. We found no difference in A between

morning and evening bird assemblages, although Vermont

sites did show a trend for greater numbers in the morning.

Differences in assemblage composition of riparian- and

water-associated species between morning and evening

assemblages were clearly evident in NMS analysis (Fig. 1).

The first two axes extracted significantly greater variation

(axis 1, 0.359; axis 2, 0.601) in composition than expected

by chance (Monte Carlo, p\0.020). While the majority of

species were detected in both the morning and the evening

surveys, 14 species were detected only in the morning, and

10 species were detected only in the evening (Fig. 1).

Discussion

Although bird survey methodologies have received

significant attention in terms of sampling techniques

Table 1 continued

Note: Habitat associations

(R, riparian; U, upland; WB,

waterbird) were based on

common use of habitat type but

do not indicate that the species

is found only in the specified

habitat. Time was based on time

of day detected (B, both AM

and PM)

Common name Scientific name Habitat Region Time

Violet-green swallow Tachycineta thalassina R ID PM

Warbling vireo Vireo gilvus R VT, ID B

Western kingbird Tyrannus verticalis R ID AM

Western tanager Piranga ludoviciana U ID B

Western wood-pewee Contopus sordidulus R ID PM

White-breasted nutchatch Sitta carolinensis U VT B

White-crowned sparrow Zonotrichia leucophrys R VT B

White-throated sparrow Zonotrichia albicollis U VT B

White-throated swift Aeronautes saxatalis R ID B

Willow flycatcher Empidonax traillii R VT AM

Winter wren Troglodytes troglodytes U VT, ID B

Wood duck Aix sponsa WB VT B

Wood thrush Hylocichla mustelina U VT B

Yellow warbler Dendroica petechia R VT, ID B

Yellow-bellied flycatcher Empidonax flaviventris U VT AM

Yellow-bellied sapsucker Sphyrapicus varius U VT AM

Yellow-billed cuckoo Coccyzus americanu R VT AM

Yellow-breasted chat Icteria virens U ID AM
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Table 2 Variables analyzed and their minimums, medians, and maximums in their original units for morning (AM) and evening (PM) bird

surveys

Variable Original data Value analyzed

Minimum Median Maximum Mean SD

Jaccard’s index

All 0.00 30.00 55.56 28.76 11.82

VT 0.00 23.32 50.00 26.65 11.07

ID 16.67 33.37 55.56 33.88 12.48

Species richness (S)

All

AM 2.00 10.00 20.00 2.32 0.49

PM 1.00 8.00 19.00 2.10 0.55

VT

AM 5.00 11.00 20.00 2.53 0.36

PM 3.00 10.00 19.00 2.31 0.36

ID

AM 2.00 6.00 9.00 5.58 2.28

PM 1.00 4.50 10.00 4.67 3.03

Species abundance (A)

All

AM 3.00 14.00 40.00 2.74 0.62

PM 1.00 15.00 75.00 2.63 0.80

VT

AM 6.00 17.00 40.00 2.95 0.50

PM 4.00 16.00 46.00 2.76 0.53

ID

AM 3.00 7.50 27.00 2.22 0.60

PM 1.00 6.50 75.00 2.30 1.20

Shannon-Weiner (H0)

All

AM 0.56 2.26 3.02 2.14 0.62

PM 0.00 1.89 3.12 1.78 0.74

VT

AM 1.29 2.49 3.02 2.40 0.44

PM 1.39 2.01 3.12 2.11 0.45

ID

AM 0.56 1.74 2.19 1.53 0.57

PM 0.00 0.91 2.20 0.99 0.73

Simpson (1/D)

All

AM 1.60 7.00 16.86 7.64 3.62

PM 0.00 5.77 14.61 5.74 3.25

VT

AM 2.81 8.45 16.86 8.93 3.34

PM 2.67 6.34 14.44 6.99 2.89

ID

AM 1.60 4.84 8.00 4.51 2.06

PM 1.00 1.90 6.37 2.71 1.77

Note: VT Vermont; ID Idaho; All both VT and ID sites. ‘‘Value analyzed’’ refers to the mean and standard deviation (SD) of the variables (after

transformation where appropriate) that were used in the statistical analyses
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(e.g., spot maps, line transects, point counts) (Verner 1985;

Dobkin and Rich 1998), temporal considerations and eco-

system perspectives have not been fully considered. Our

results show that the inclusion of evening surveys signifi-

cantly contributes to estimates not only of riparian but also

of overall riverscape bird community diversity and struc-

ture, and suggest that riverscape habitats may be even more

important to bird communities than currently thought.

Experimental and Ecological Implications

Although the diversity of the avian assemblages was higher

in morning versus evening surveys, assemblage composi-

tion differed between the survey periods in significant

ways. We observed this pattern across study sites, despite

morphometric differences in streams, suggesting that our

results are germane to myriad stream types. Our study

suggests that without evening surveys, diversity is likely to

be underestimated and assemblage composition misrepre-

sented in stream-riparian ecosystems.

Core species (i.e., those species that were present during

both morning and evening surveys) tended to be generalists

or granivores, utilizing a range of habitat structure and

potential food resources. Many of these species are not

limited to riparian habitats (e.g., American robin, American

goldfinch), and in fact, some are upland birds (e.g., blue

jay, black-capped chickadee). The noncore species,

encompassing all those species that did not overlap

morning and evening surveys, represent a wide range of

species, as well as feeding and foraging guilds. For

instance, many noncore species were aerial insectivores,

which were generally absent from morning surveys. Their

prevalence in evening surveys was likely due to higher

ambient temperatures and the associated increase in the

activity of aerial insects (Newell and Nastase 1995;

Speakman and others 2000), particularly dipterans (Rydell

and others 1996).

Notably, none of the three wading species recorded in the

surveys (great blue herons [Ardea herodias], green herons

[Butorides virescens], and least bitterns [Ixobrychus exilis])

were core species. However, great blue herons and least

bitterns were only detected in the morning; green herons

were detected only in the evening. The shared prey base

(e.g., fish, frogs, large invertebrates) and flow habitat (e.g.,

pools, water’s edge, floodplain waterbodies) of all three

species suggests a possible temporal habitat partitioning.

Individual species may also temporally partition stream-

riparian habitat on a behavioral basis. For instance, Lewis’s

woodpeckers (Melanerpes lewis) is an aerial flycatcher,

and this species was detected more than twice as often in

evening surveys than in the morning surveys. During the

morning, this species was detected both visually and

through auditory cues (i.e., ‘‘churr’’ calls); these calls are

functionally equivalent to passerine songs (Bock 1970).

However, auditory cues were less important in the evening

hours, and detections during the evening surveys occurred

solely through visual cues when the birds were hawking for

insects. Linder (1994) noted that there was no variation in

daily budgets among different activities (i.e., foraging),

although Bock (1970) reported that temporal variability in

weather conditions likely influenced behaviors during dif-

ferent times of the day for this species.

The ecotonal nature and complement of aquatic, semi-

aquatic, and terrestrial habitats that typify riverscape eco-

systems allow remarkable species diversity (Ward and

Tockner 2001). The dissimilarity we observed between the

morning and the evening bird assemblages reflects the

diversity of the avian community and encourages the use of

evening surveys to complement more traditional, morning

surveys. The pattern we observed in stream-riparian bird

assemblages may hold true for other ecosystems as well,

particularly those ecotonal in nature.

Conclusions and Applications

This study underscores the need for accurate data repre-

senting avian assemblages in stream-riparian ecosystems,

and has significant implications for data used in conser-

vation and management plans. This is of particular

importance considering that the avifaunal richness and

severe degradation of stream-riparian areas make them

critical habitats and conservation priorities in many areas

of the world (DeSante and George 1994; Robinson and

Table 3 Results of paired Student’s t-tests for assemblage diversity

measures for both Vermont (VT) and Idaho (ID) sites (All) and for

each region individually

Variable t-ratio P df

Species richness (S)

All –3.079 [0.004 40

VT –2.727 [0.011 28

ID –1.396 [0.190 11

Species abundance (A)

All –1.009 [0.319 40

VT –1.689 [0.102 28

ID 0.347 [0.735 11

Shannon-Weiner index (H0)

All –3.686 [0.001 40

VT –2.839 [0.008 28

ID –3.692 [0.004 11

Simpson index (1/D)

All –3.402 [0.002 40

VT –2.553 [0.016 28

ID –3.238 [0.008 11
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Traill 1996; Rottenborn 1999; Woinarski and others 2000;

Donovan and others 2002).

Incomplete data pertaining to the riparian bird community

have implications for both research and monitoring efforts.

The increasing use of birds in the assessment of ecosystem

condition (see Sullivan and others 2007) makes the conse-

quences of misrepresenting community members particu-

larly important to scientists and agencies that are developing

monitoring protocols. For example, Bryce and others (2002)

developed a Bird Integrity Index (BII) that utilizes bird

assemblage characteristics to assess riparian condition. Our

study suggests that scores developed for such indices may

change with the inclusion of evening survey data.

Evening surveys were particularly important in painting

a more comprehensive picture of the presence, abundance,

and activity of aerial insectivores and additional water-

associated species. An increasing number of studies are

addressing aquatic-terrestrial energy exchanges and shed-

ding light on critical habitat coupling mechanisms (Nakano

and others 1999; Nakano and Murakami 2001; Kawaguchi

and others 2003; Baxter and others 2005). Aerial insecti-

vore predation on emergent aquatic insects is an example

of a key aquatic to terrestrial prey subsidy. The evening

activity of aerial insectivorous birds is an important habitat

coupling mechanism in stream-riparian ecosystems that

represents ecosystem function.
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Increase in bird numbers along this trajectory 

Fig. 1 Morning and evening riparian- and water-associated bird

assemblage composition in a two-dimensional solution (stress =

7.944) from the nonmetric scaling ordination. The number of

individual birds per species increases diagonally from left to right,

along the trajectory of the dashed arrow. Species located toward the

bottom left were detected only in the evening, while species located

toward the top right were detected only in the morning. For example,

VGSWs were detected at high numbers only in the evening. In

contrast, WEKIs were detected in low numbers and only in the

morning. Those species clustered around the ‘‘AM’’ and ‘‘PM’’

represent those species found both in the morning and in the evening.

Species such as BAOR and MAGW were found in relatively low

numbers, with more individuals detected in the morning, whereas

NRWS and TRSW were found in high abundance, with more

individuals observed in the evening
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Water-associated species recorded in evening surveys

captured additional species that represent high trophic

levels in stream-riparian ecosystems (e.g., double-crested

cormorants [Phalacrocorax auritus], green herons, hooded

mergansers [Lophodytes cucullatus]). The presence of

these species points to both bottom-up and top-down

relationships, reflecting the complexity of stream-riparian

food webs (Kingery 1996; Steinmetz and others 2003;

Morrissey and others 2004).

In conclusion, we have shown that the inclusion of

evening bird surveys in stream-riparian ecosystems can

significantly change estimates of avian assemblage com-

position. It is crucial, therefore, that evening surveys be

considered when developing monitoring protocols and

experimental designs in riverine ecosystems. Accurate

surveys that reflect community composition will prove

fundamental in furthering our understanding of avian use

of riverscape habitats. We have also introduced evidence

that indicates that whereas some species are directly tied to

stream-riparian ecosystems, others use these ecosystems

opportunistically. This pattern suggests that the identifica-

tion of those species that are strongly tied to and consis-

tently use stream-riparian ecosystems could be extremely

valuable in advancing the utility of birds as sentinels of the

effects of human-induced landscape changes on stream-

riparian ecosystem condition.
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