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a b s t r a c t
Headwater riparian areas occupy a large proportion of the land base in Paciﬁc Northwest forests, and thus
are ecologically and economically important. Although a primary goal of management along small headwater streams is the protection of aquatic resources, streamside habitat also is important for many terrestrial wildlife species. However, mechanisms underlying the riparian associations of some terrestrial
species have not been well studied, particularly for headwater drainages. We investigated the diets of
and food availability for four bird species associated with riparian habitats in montane coastal forests
of western Oregon, USA. We examined variation in the availability of arthropod prey as a function of distance from stream. Speciﬁcally, we tested the hypotheses that (1) emergent aquatic insects were a food
source for insectivorous birds in headwater riparian areas, and (2) the abundances of aquatic and terrestrial arthropod prey did not differ between streamside and upland areas during the bird breeding season.
We found that although adult aquatic insects were available for consumption throughout the study period, they represented a relatively small proportion of available prey abundance and biomass and were
present in only 1% of the diet samples from only one of the four riparian-associated bird species. Nonetheless, arthropod prey, comprised primarily of insects of terrestrial origin, was more abundant in
streamside than upland samples. We conclude that food resources for birds in headwater riparian areas
are primarily associated with terrestrial vegetation, and that bird distributions along the gradient from
streamside to upland may be related to variation in arthropod prey availability. Because distinct vegetation may distinguish riparian from upland habitats for riparian-associated birds and their terrestrial
arthropod prey, we suggest that understory communities be considered when deﬁning management
zones for riparian habitat.
Published by Elsevier B.V.

1. Introduction
Forested riparian habitats are managed for multiple purposes
and often occupy a signiﬁcant proportion of the land base in many
temperate forest regions (Sheridan and Spies, 2005). For example,
in the Paciﬁc Northwest 11% of the planning area of the Northwest
Forest Plan comprise riparian reserves (USDA and USDI, 1994).
Management of riparian areas presents challenges because goals
typically include both timber production and the maintenance of
ecosystem processes such as those that protect water quality, control erosion, and maintain ﬁsh habitat (Broadmeadow and Nisbet,
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2004). In striving to achieve a balance that maintains economic options without jeopardizing biotic integrity and ecological function
of riparian areas, management policies and guidelines have mainly
focused on protection of aquatic resources, particularly along
streams large enough to regularly support salmonids (ODF,
2000). Extension of riparian buffers to small, ﬁshless tributaries
in recent years reﬂects increased understanding of linkages between headwater conditions and downstream productivity (Gomi
et al., 2002). However, the aquatic focus of riparian management
fails to consider the importance of streamside habitat for many
terrestrial wildlife species. For example, some forest bird species
are more abundant in riparian than upland habitats e.g., Swainson’s thrush (Catharus ustulatus) and Paciﬁc wren (Troglodytes paciﬁcus) (McGarigal and McComb, 1992), and are responsive to
riparian buffer widths along small streams (Hagar, 1999). An
understanding of functional mechanisms underlying these ecological interactions would provide a solid basis for guiding management decisions in riparian habitats.
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Variation in food and cover resources from streamside to upland may provide an explanation for bird distribution along this
gradient (Uesugi and Murakami, 2007). During spring and summer insects are an important source of food for birds in temperate zones, when birds are reproducing and raising young. In
contrast to adjacent uplands, riparian areas support both aquatic
and terrestrial insect prey that may contribute to greater food
availability for birds (Murakami and Nakano, 2002). Previous
studies have shown that emergent aquatic insects can contribute
substantially to food availability for riparian insectivores (Nakano
and Murakami, 2001; Mulvihill et al., 2008). This aquatic subsidy
to terrestrial consumers declines exponentially with distance
from the stream edge (Iwata et al., 2003; Baxter et al., 2005), creating a gradient in availability of insect prey from streamside to
upland. Even temporary streams can be signiﬁcant sources of
emergent aquatic insects. Progar and Moldenke (2002) found
density and biomass of insects emerging from temporary streams
comparable to that in perennial streams, suggesting that aquatic
prey may provide subsidies to terrestrial insectivores even in
headwater drainages.
Terrestrial insects also are important food sources for forest
birds. Although few studies have directly examined variation in
the availability of important prey taxa as a function of distance
from streams, changes in plant species composition along a gradient from streamside to hillslopes would be expected to inﬂuence the abundance of terrestrial insects. In general, deciduous
vegetation supports greater abundance and diversity of invertebrates than conifers in both riparian (Allan et al., 2003; Wipﬂi
and Musselwhite, 2004; Baxter et al., 2005) and upland environments (Hagar, 2007). An increase in the compositional importance of deciduous shrubs and hardwoods with decreasing
distance from streams in Paciﬁc Northwest coastal forests (Pabst
and Spies, 1999; Hibbs and Bower, 2001), suggests that riparian
areas may have greater potential to provide invertebrate prey
associated with deciduous vegetation relative to conifer-dominated uplands. However, differences in vegetative structure and
composition from streamside to upland habitats diminish with
increasing elevation and decreasing stream size (Stauffer and
Best, 1980; Knopf, 1985). In Paciﬁc Northwest temperate forests,
the ratio of deciduous- to coniferous cover within riparian areas
decreases from larger, low elevation streams to smaller, headwater streams. Reduced distinctiveness of riparian from upland habitat in headwater reaches has been associated with weak
associations of birds with streamside habitats (McGarigal and
McComb, 1992) and decreases in riparian bird abundance and
species richness with decreasing stream size (Lock and Naiman,
1998), but the relationship to distribution of arthropod prey
has not been explored. Understanding the relative importance
of resources for wildlife provided by small stream riparian areas
and adjacent uplands can inform management strategies in headwater forests.
The overall goal of our research was to relate the distribution of
birds along inter-riparian gradients in headwater forests of the
Oregon Coast Range to the availability of their insect prey. Our speciﬁc objective was to test the relative importance of emergent
aquatic insects as a food resource for insectivorous birds in headwater riparian areas by assessing diet composition and comparing
the abundances of aquatic and terrestrial arthropod prey between
streamside and upland areas. We examined bird diets and abundance of arthropods in 2 years, during 2 months of the bird breeding season. The study focused on both aquatic emergent and
terrestrial insects that are potential prey for bird species associated
with riparian habitats: Paciﬁc wren, Swainson’s thrush, Paciﬁcslope ﬂycatcher (Empidonax difﬁcilis), and Wilson’s warbler (Wilsonia pusilla).

2. Materials and methods
2.1. Study sites
We conducted the study in the headwaters of the Trask River in
the northwestern Coast Range of Oregon (Fig. 1), within the Trask
Watershed Study Area (Johnson and Bilby, 2008). The region is inﬂuenced by a maritime climate of mild temperatures and annual rainfall of 180–300 centimeters. Our study sites ranged in elevation
from 275 to 1100 m, and were characterized by second order perennial streams. During the sampling season, the 6 headwater study
streams had an average wetted width of 1.23 m (range among sites:
0.32–3.39 m) and an average depth of 7 cm (range among sites:
2–32 cm). Slope of these streams averaged 16%, and ranged between
11% and 21% among sites. Average discharge for the summer months
of June, July, and August remained below 0.4 cfs for four streams
that had ﬂumes. Average annual discharge for these streams was
0.722 cfs (range: 0–18.924 cfs). In general, there was little to no
accumulation of in-stream leaves. The narrow stream width and
high slopes characteristic of these watersheds presumably facilitated
ﬂushing of accumulated leaf-packs downstream by winter ﬂows and
spring freshets before spring and summer emergence began.
Vegetation was characteristic of the Douglas-ﬁr/Oceanspray
(Psuedotsuga/Holodiscus) plant association of the Western Hemlock
(Tsuga heterophylla) forest zone (Franklin and Dyrness, 1988).
Douglas-ﬁr (Psuedotsuga menziesii) was the dominant overstory
species, with minor components of western redcedar (Thuja plicata), Western Hemlock (T. heterophylla), and noble ﬁr (Abies procera). Riparian areas were characterized by mixed conifers and
red alder (Alnus rubra). Vinemaple (Acer circinatum) was the dominant tall shrub in the understory; other tall shrub species included
beaked hazelnut (Corylus cornuta), Paciﬁc dogwood (Cornus nuttallii), salmonberry (Rubus spectabilis), oceanspray (Holodiscus discolor), and devil’s club (Oplopanax horridus). Other shrub species
included trailing blackberry (Rubus ursinus), stink currant (Ribes
bracteosum), Oregon-grape (Mahonia aquifolium), huckleberries
(Vaccinium spp.), and sword fern (Polystichum munitum).
Forest lands in the study area were primarily managed by Weyerhaeuser Company and the Oregon Department of Forestry (ODF),
with a small portion managed by the Bureau of Land Management.
Historical management practices and disturbance history profoundly inﬂuenced the current forest conditions in the area. The original, old-growth conifer forest was mostly removed by the 1950s as
a result of clear-cut harvesting and a series of large wildﬁres from
1933 to 1945, collectively known as the Tillamook Burn, followed
by salvage-logging (Bailey and Poulton, 1968). A consequence of this
disturbance history may have been a reduction in recruitment of
woody debris to streams and riparian areas (May and Gresswell,
2003); in-stream wood was scarce in all streams, with an average
of 2 pieces per 100 m stream length; most with diameter less than
0.5 m and none >1 m (S. Johnson and L. Ashkenas, unpublished data).
Contemporary management practices in the area include thinning
on State managed lands, and regeneration harvesting on Weyerhaeuser lands. At the time of our sampling, the forest was primarily 40to 70-year old conifers, with approximately 12% of our study area in
5 year-old regeneration harvests (Jenkins, 2010). During the 1990s,
ODF conducted light to moderate thinning (residual basal area ranging from 4.13 to 6.02 m2/ha (110–160 ft2/ac) in the northwest portion of the study area (Johnson and Bilby, 2008).

2.2. Sampling design
We selected six second-order streams as sample sites, with
paired riparian and upland locations nested within each site. We
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Fig. 1. Trask River Watershed study area in northwestern Oregon, and locations of collection of bird diet and arthropod abundance samples, 2008 and 2009.

sampled four streams in each year of the study (2008 and 2009);
four streams were sampled in 1 year only (PH2 and PH4 in 2008;
GS3 and UM3 in 2009), and 2 streams (PH3 and GS1) were sampled
in both years. Streams were selected in coordination with a larger
collaborative research project designed to address the ecological
function of headwater riparian areas (Johnson and Bilby, 2008).
Stream study reaches were selected to have upstream drainage
areas of approximately 35–55 ha and to be above road crossings
where possible. We chose sample sites primarily based on the logistic feasibility of setting 12 mist-nets to capture birds in each
riparian and upland location within constraints of topography (Jenkins, 2010). We paired riparian and upland sample locations to
minimize differences in amounts of understory and overstory cover
that may have inﬂuenced bird distributions. However, we could
not control for vegetative composition between riparian habitats
and uplands. This design enabled us to test the hypothesis that
birds and insects were associated with inherent riparian characteristics other than vegetation structure. For birds, riparian sampling
locations were within 50 m of the stream, upland locations were
50–400 m upslope from paired riparian locations. The large range
in distance between riparian and upland sample locations was necessary to avoid proximity of upland locations to adjacent tributaries in the highly dissected topography of the study area.
2.3. Arthropod collections
2.3.1. Malaise traps
We sampled aerial arthropods with one Malaise trap set at
streamside and a paired one set 50–400 m from the riparian net array in the adjacent upland area at each site. We used Malaise traps
purchased from BioQuip (Model 2875A) which were square in conﬁguration, 70 tall and 40 on the sides, with four central vanes to stop

insect ﬂight. These traps were designed to capture ﬂying insects
and were not very effective in collecting crawling invertebrates,
particularly Lepidoptera larvae and Coleoptera. In 2008, we used
a dry collection head with Dichlorvos (VaportapeÓ) strips as a killing agent. Over the course of the sampling period in 2008, moisture
build-up in the dry-collection heads caused degradation of some
samples. Therefore, in 2009, we used a wet/dry collection head
and 95% ethanol as a killing agent and preservative. We did not detect a difference in collection efﬁciency between 2008 and 2009.
We sampled insects weekly between mid June and late August,
during peak abundance of nestlings and ﬂedglings. At the lab, we
sorted samples into three size categories: those most likely to be
prey for the bird species of interest (>2 mm to <25 mm), those
smaller (<2 mm), and those generally considered too big to be prey
(>25 mm) (Raley and Anderson, 1990; Hagar, 2003a; Hagar et al.,
2007). We enumerated arthropods by order and calculated the rate
of individuals captured per order per day. We identiﬁed individuals
from three dates of each season (ranging from 200 to >1000 individuals per each site; a median of 430), to family or genus, as necessary to verify origin as aquatic or terrestrial. The samples for
these six dates were dried in a 68 °F (20 °C) oven for 24 h and
weighed to determine aquatic- and terrestrially-derived biomass.
In addition, we estimated total arthropod biomass for each date
throughout both sample years from dried weights of Malaise samples for all dates.
2.3.2. Emergence traps
We sampled adult aquatic insects at each study site with four
emergence traps placed across a trans-riparian gradient at the
same location as the riparian net array. Each trap covered
0.19 m2 of streambed and was draped with 150-lm mesh netting, which was anchored along the streambed with in-situ
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material. A 50:50 mixture of ethylene glycol and water was used in
the trap’s wells to capture and preserve emergent insects. We
collected twice per week throughout the sampling period. Well
contents were sieved through a 500 lm screen, transferred into
plastic Whirl-PacksÒ and preserved in 90% ethanol for identiﬁcation in the lab. Ephemeroptera, Plecoptera, Trichoptera, and Coleoptera were identiﬁed to genus. Diptera were identiﬁed to family
level, with the exception of Empidids, which were identiﬁed to
genus. We counted all insects in the trap samples and calculated
the daily emergence rate per unit area during the sampling period.
2.3.3. Shrub-beating
Twice during the summer of 2008, on 7 July and 5 August, we
collected ﬁve cuttings from each of two dominant species of understory vegetation (>1 m in height) along one streamside, and one
upland, 50-m long transect at each of four sites. The dominant vegetation varied between red alder, salmonberry, vine maple, sword
fern, and bracken fern. We beat the vegetation onto a canvas beating sheet and collected the dislodged arthropods with an aspirator.
Because of the small numbers of arthropods collected using this
method, we did not repeat the effort in 2009.
2.4. Avian diet sample collection
Fecal samples were collected from birds captured during morning mist-netting from July through mid-September in each year, at
each of six paired riparian and upland sites (Jenkins, 2010). Of the
129 fecal samples collected over the course of the two years, we
examined 73 from Swainson’s Thrushes, 23 from Paciﬁc Wrens,
18 from Paciﬁc-slope Flycatchers, and 15 from Wilson’s Warblers.
We identiﬁed contents to the lowest taxonomic level possible, typically Order for arthropod fragments, under a binocular dissecting
microscope, using a reference collection of insect parts and seeds
from a previous study of diets of the same species from western
Oregon (Hagar, 2003a).
Because we rarely were able to identify arthropod fragments
from fecal samples to a taxonomic level below Order, we were usually unable to determine the origin (aquatic or terrestrial) of beetles and ﬂies consumed. Therefore designation of aquatic prey
was made primarily for Orders that are exclusively aquatic:
Ephemeroptera, Plecoptera, Trichoptera (EPT’s), and occasionally
for aquatic Diptera (e.g., Tipulidae, Chironomidae, Empididae).
2.5. Data analyses
2.5.1. Malaise biomass and count
We calculated the rate of individual insects captured per Order
per day as an independent response variable. We used Repeated
Measures Two-Way ANOVA with Type III Sum of Squares to examine differences between location (riparian vs. upland), date of collection, and interaction of location and date for both the number of
individuals collected per day and biomass per day. Repeatedmeasures ANOVA analyses conducted with SAS v. 9.3 (SAS Institute
Inc., 2002–2010) allowed us to examine patterns in count (individuals/day) and dry mass (g/day) while adjusting for repeated
sampling at the same sites through time; this maintained the
independence of samples required by parametric tests. Data were
ln-transformed to meet assumptions of normal distribution and
constant variance. We used a = 0.05 to indicate statistically
signiﬁcant differences between groups.
2.5.2. Shrub beating
We pooled invertebrate counts from both dates of shrub collection because of low numbers collected. Differences between upland and riparian in counts of arthropods >2 mm in length were
tested using One-Way ANOVAs (StatPoint Technologies, Inc.,

1982–2010) with p-values <0.05 indicating signiﬁcant differences
between groups.
2.5.3. Avian diet analysis
Prey in bird diets were grouped into categories primarily based
on taxonomic Order. We assigned a count of 1 when a prey item
was present in a bird’s diet and 0 when absent. Because birds
moved easily between riparian and upland zones, we could not
determine the location (stream or upland) where a bird captured
items identiﬁed in the diet. Therefore, we summed diet presence/
absence counts for each bird species regardless of location of capture. Diet was thus described by frequency of prey taxa occurrence
in fecal samples across all sampled birds for each species.
3. Results
3.1. General diet composition
Coleoptera and Diptera occurred in more fecal samples from
Swainson’s thrush, Paciﬁc-slope ﬂycatcher, and Wilson’s warbler
than did other prey (Fig. 2). Coleoptera prey taxa identiﬁed in Swainson’s thrush diet included Carabidae; Paciﬁc-slope ﬂycatcher
diets included Coleoptera from the families Curculionidae and Scolytidae. Paciﬁc wrens also consumed primarily unidentiﬁed Coleoptera, but Araneae were the second most frequently encountered
prey taxa for this species.
Hymenoptera were the third most frequently encountered
arthropod prey in Swainson’s thrush fecal samples; of the 73 samples of Swainson’s thrush diet, 21 had Hymenoptera (29%). Eightyone percent of the identiﬁable Hymenoptera were Formicidae, and
10% were Symphyta.
EPTs occurred very rarely in bird diets. We found evidence of
consumption of EPTs in 1% of the Swainson’s thrush samples, but
did not ﬁnd EPT in the diet of the other bird species.
Fruit was frequently consumed by Swainson’s thrushes. Seeds
occurred in 63% of the samples, with red huckleberry being the
most commonly consumed fruit. Fruit seeds occurred at a low frequency in diet samples from Wilson’s warbler and Paciﬁc wren, but
were not found in samples from Paciﬁc-slope ﬂycatcher (Fig. 2).
3.2. Spatial distribution of arthropod prey
We did not detect an interaction of location and date for any response variables (p > 0.015). Total abundance of arthropods captured in Malaise traps was greater in riparian (2008
mean = 90.2 ± 11.3 S.E. and 2009 mean = 100.6 ± 9.6 S.E. individuals/day) than upland sites (2008 mean = 56.4 ± 9.0 S.E. and 2009
mean = 70.2 ± 6.8 S.E. individuals/day) (p = 0.02 in 2008; p = 0.02
in 2009, Repeated Measures ANOVA; Fig. 3). However, biomass of
all aerial arthropods did not differ between riparian and upland
locations in either year (p P 0.39, Repeated Measures ANOVA;
Fig. 4), nor did we detect a difference in total arthropod abundance
on shrubs between riparian (mean = 62.0 individuals, SE = 11.01)
and upland areas (mean = 77.0 individuals, SE = 12.34; p = 0.39,
One-Way ANOVA; Fig. 5).
Diptera were by far the most common arthropod Order sampled
with Malaise traps at both riparian and upland locations (Fig. 3),
and were more abundant in riparian than upland samples
(Fig. 3). Araneae were the most common arthropod collected from
shrub foliage (Fig. 5), but were not represented in Malaise trap
samples. We found no differences in abundance on shrubs between
riparian and upland sites for any arthropod group.
Prey of aquatic origin comprised minor portions of both riparian
and upland samples (15–26% of total Malaise captures were aquatic taxa). Biomass of aquatic insects also was lower than that of
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Fig. 2. Mean diet composition of four songbird species (Thrush: Swainson’s thrush, Flycatcher: Paciﬁc-slope ﬂycatcher, Warbler: Wilson’s warbler, and Wren: Paciﬁc wren)
from the Trask watershed, Oregon. The mean frequency of occurrence of a prey item in the diet was calculated across all 6 sites for birds captured during 2008 and 2009. Error
bars (S.E.) indicate the variation in diet among sites. EPT are pooled aquatic taxa Ephemeroptera, Plecoptera, Trichoptera.

Fig. 3. Comparison of the daily mean abundance of arthropod prey sampled by Malaise traps between riparian and upland sites (n = 6 paired sites) over the sample periods of
2008 (A) and 2009 (B), Trask watershed, Oregon. All arthropods with body length >2 mm to <25 mm were considered potential prey.
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Fig. 4. Comparison of the mean biomass (g) of arthropod prey with body size >2 mm or <25 mm for three dates in 2008 and 2009. Arthropods were sampled by Malaise traps
at riparian and upland sites, Trask watershed, Oregon.

Fig. 5. Mean number of individual arthropods captured by beating shrubs in riparian and upland samples at four paired sites in 2008 at the Trask Watershed, Oregon. EPT are
pooled aquatic taxa Ephemeroptera, Plecoptera, Trichoptera. EPT are pooled aquatic taxa Ephemeroptera, Plecoptera, Trichoptera.

terrestrial insects at both riparian and upland sites (Fig. 4). By biomass, horse and deer ﬂies (Tabanidae, Order Diptera) of aquatic
origin were the dominant aquatic insects collected at riparian locations. Although EPTs were minor components of the captured ﬂying insects, a few Plecoptera and Trichoptera, some of which are
strong ﬂyers and have been known to disperse between watersheds, were occasionally collected in upland traps (Appendix A).
3.3. Temporal distribution of arthropod prey
Abundance of arthropod prey sampled by Malaise traps was
consistently greater at riparian than upland sites regardless of year
or date within year (Fig. 6). Fluctuations of prey availability between riparian and upland sites were synchronous throughout
each season, with mean abundance always greater in riparian sites.
Biomass of arthropod prey also was greater at riparian than upland
sites for most of both seasons, although this difference decreased
by early August in both years (Fig. 7).

Aquatic emergence was highest in July (minimum of 18 and maximum of 42 individuals/m2/day; Fig. 8A). Sampling that began earlier in 2009 revealed higher numbers of individuals/day at the
beginning of July (from 3 through 15 July) compared to later in the
month. Lowest mean emergence rates occurred in August (between
8 and 28 individuals/m2/day). Aquatic Diptera (true ﬂies) were the
dominant insect emerging over the summer (Fig. 8B, Appendix B).
EPT emergence was highest in mid-July 2008 and early July 2009
(Fig. 8C), although EPT numbers were consistently lower than true
ﬂies throughout the summer. Following the patterns detected in
emergence traps, insects of aquatic origin were present in terrestrial
malaise traps throughout the sample period (Appendix A).
Based on benthic sampling in early April, 2007 and 2009, the
stream benthos was dominated by Diptera and Ephemeroptera
that comprised an average of 34% and 29% of the benthic community, respectively. Chironomidae were the most abundant dipteran
taxa (88% of Diptera); Plecoptera comprised 19% of the benthic
community, and Trichoptera 6%. Other taxa, including Acari,

Author's personal copy

J.C. Hagar et al. / Forest Ecology and Management 285 (2012) 213–226

219

Fig. 6. Mean number of potential arthropod prey captured per day during the sampling period in 2008 (A) and 2009 (B) at the Trask Watershed, Oregon. An arthropod with a
body size >2 mm to <25 mm was considered potential prey.

Coleoptera, Copepoda, Decapoda, Nematoda, Oligochaeta, Ostracoda, Turbellaria, and Veneroida, comprised 12% (J. Li and J. Sobota,
unpublished data).

4. Discussion
In the headwaters of the Trask watershed, arthropod prey for
birds was consistently more abundant in riparian than in upland
habitats during the bird breeding season. However, we could not
attribute spatial differences in prey abundance to subsidies of
aquatic emergent insects because aquatics contributed only a
small proportion of the total seasonal insect biomass. The relatively low abundance of emergent insects detected in emergence
traps was corroborated by malaise trapping, which provided an
estimate of the volant insect prey present at streamside. Furthermore, the diets of four bird species associated with riparian habitat
(Jenkins, 2010) provided little evidence that aquatic insects were
an important food resource for them. In contrast to previous studies that demonstrated the importance of aquatic subsidies to terrestrial consumers (Nakano and Murakami, 2001; Baxter et al.,
2005), we found that the main food resources for songbirds during
mid- and late summer were terrestrially derived. These results are
consistent with the theory advanced by Marczak (2007), suggesting that the magnitude of consumer response to subsidies is related to the availability of subsidy resources relative to
equivalent resources in the recipient habitat. In accordance with
this theory, prey subsidies from aquatic insects at our study sites

were relatively unimportant because terrestrial insects were much
more abundant in the terrestrial habitat. However, in different
environmental contexts aquatic subsidies may be more important
to terrestrial predators. For example, Gray (1988, 1989) found a positive correlation between density of insectivorous birds and insect
emergence along a prairie stream, where subsidies of emergent
aquatic insects exceeded terrestrial arthropod production.
Consistent with two other Oregon Coast Range avian diet studies from upland (Hagar, 2003a) and riparian (Robillard, 2006) habitats, Coleoptera were important in the diets of the 4 bird species
we studied. Diptera also were a signiﬁcant component of bird diets,
occurring in more than 50% of the samples for 2 bird species in our
study (Paciﬁc-slope ﬂycatcher and Wilson’s warbler) and 3 species
in Hagar’s (2003a) study (Swainson’s thrush, Paciﬁc-slope ﬂycatcher and Wilson’s warbler). Coleoptera and Diptera include both
terrestrial and aquatic species, so it was possible that birds were
eating some aquatic emergents. However, terrestrial insects were
signiﬁcantly more abundant than aquatic species in contemporaneous samples of available prey.
Based on the prevalence of particular arthropod taxa consumed
by birds in our study, bird diets reﬂect a combination of prey availability and the foraging styles of each bird species. The ability of
both Paciﬁc-slope ﬂycatchers and Wilson’s warblers to forage in
ﬂight allows them to exploit active, ﬂying insects as prey, such as
Diptera (Table 1; Ammon and Gilbert, 1999; Mack and Yong,
2000), that were most abundant in riparian areas. Paciﬁc-slope ﬂycatchers are more likely to catch prey in mid-air, while Wilson’s
Warbler typically make brief hovering ﬂights to glean prey on, or
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Fig. 7. Mean daily biomass of arthropod prey captured per day during the sampling period in 2008 (A) and 2009 (B) at the Trask Watershed, Oregon. An arthropod with a
body size >2 mm to <25 mm was considered potential prey.

in close proximity to, foliage. Both bird species are often more
abundant in riparian than upland habitats, as they were on our
study sites (Jenkins, 2010). Therefore they might be expected to
prey on aquatic emergent insects such as EPTs. We expected adult
EPT to be high quality prey because they are typically larger than
many of the most abundant families of emergent Diptera (e.g., Chironomidae), and are soft-bodied (unlike adult aquatic Coleoptera).
EPT may have been rare in diets of birds on our study sites because
of their low abundance relative to other prey. Robillard (2006),
whose study included larger, lower gradient streams in the Oregon
Coast Range, found a higher frequency of EPT than Diptera in the
diets of Paciﬁc-slope ﬂycatcher and Wilson’s warbler. EPTs may become more abundant, and therefore more important prey for riparian associated birds, as stream size increases (Progar and
Moldenke, 2002). However, along the smaller, headwater streams
we studied, Diptera were the most abundant ﬂying insects and
were predominant in the diets of Paciﬁc-slope ﬂycatcher and Wilson’s warbler (Figs. 2 and 3). The signiﬁcantly greater abundance of
ﬂying arthropods, especially Diptera, available as prey in riparian
compared to upland sites, may explain the afﬁnity of Paciﬁc-slope
ﬂycatcher and Wilson’s warbler for riparian habitats.
Swainson’s thrush and Paciﬁc wren forage mainly on or close to
the forest ﬂoor; in our study they commonly consumed crawling
beetles (Coleoptera), spiders (Araneae), and ants (Formicidae). Because the Malaise trap and shrub-beating methods we used were
not effective at sampling forest ﬂoor arthropods, we were unable

to quantify gradients in the abundance of these taxa. However,
other studies that sampled ground-dwelling arthropods with pitfall traps found gradients in abundance of ground arthropods from
streamside to upland (Van Horne and Bader, 1990), including beetle species that are streamside specialists (Brenner, 2000; Rykken
et al., 2007). High abundances of terrestrial, predaceous Carabid
and Staphylinid beetles close to streams (<2 m) have been linked
to diets consisting mostly of aquatic insects (Paetzold et al.,
2005). In particular, some species of Carabid beetles associated
with small streams in the Oregon Coast Range feed largely on
aquatic insects, such as Chironomid larvae and emerging adult Diptera (Hering, 1998). As Swainson’s thrush and Paciﬁc wren are
known to prey on Carabid beetles (Beal, 1915; Hejl et al., 2002; this
study), they may be indirectly linked to aquatic invertebrates
through this food web. Similarly, riparian spiders may provide a
trophic link between emergent aquatic insect prey (Collier et al.,
2002; Premdas, 2004; Burdon and Harding, 2008) and avian predators (Fig. 2). If so, emergence from headwater streams in the Oregon Coast Range may be indirectly subsidizing terrestrial food
webs, in contrast to direct pathways reported in other studies
(Nakano and Murakami, 2001; Iwata et al., 2003; Fukui et al.,
2006). This hypothesis should be tested. Reﬁning the taxonomic
resolution of invertebrates eaten by birds would help determine
avian responses to gradients in prey abundance from streamsides
to uplands, and improve our understanding of both direct and indirect contributions of aquatic invertebrates in terrestrial food webs.
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Fig. 8. Temporal trend in abundance of aquatic insects emerging from headwater
streams during summers 2008 and 2009, Trask watershed, northwestern Oregon:
(A) All aquatic insects (Ephemeroptera, Plecoptera, Trichoptera, Diptera, and
Coleoptera); (B) Aquatic Diptera only; (C) Ephemeroptera, Plecoptera, and Trichoptera only. Note differing y-axes scales on each panel.

Although we chose fecal sample analysis as a noninvasive way of
identifying prey taxa, future studies could use analysis of stable
isotopes in tissue samples (Hobson and Clark, 1992; Inger and
Bearhop, 2008) to improve distinction of aquatic and terrestrial
components of diet (e.g., Paetzold et al., 2005). Molecular analysis
of diet samples (Kohn and Wayne, 1997) also promises to be a
powerful, non-invasive tool for diet analysis, but depends on the
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availability of genetic markers for prey species, which presents a
challenge for the majority of insects (Bohmann et al., 2011).
Abundance of arthropod prey for ground-foraging birds is
likely to vary along gradients of dead wood abundance as well
as with distance from the stream. Dead wood supports a diversity
of beetles and ants (Siitonen, 2001; Grove, 2002), including species that are prey for birds (Torgersen and Bull, 1995). Dead wood
is known to be a critical foraging habitat for wood-drilling bird
species, such as woodpeckers, (e.g., Weikel and Hayes, 1999);
however its potential importance to a broader range of insectivorous bird species has not been widely recognized. Examples include the frequent use by Paciﬁc wrens of fallen logs and
branches on the forest ﬂoor as foraging substrates (Hejl et al.,
2002), and a positive association between volume of coarse wood
and habitat selection by juvenile Swainson’s thrushes (Jenkins
et al., submitted for publication). This ﬁnding is consistent with
the importance of Hymenoptera, especially ants, as prey for Swainson’s thrush (Fig. 2; Hagar, 2003a) because many species of
Hymenoptera are associated with dead wood (Siitonen, 2001).
Although a difference in the amount of dead wood between riparian and upland sites was not detected in our study area (Jenkins,
2010), a negative relationship between dead wood volume and
distance from stream is characteristic of the Coast Range (Kennedy and Spies, 2007). High volumes of dead wood in proximity
to streams may provide a rich concentration of prey resources
for Swainson’s thrush and Paciﬁc wren.
Surprisingly, the distinctiveness of riparian from upland vegetation in the small headwater sub-basins of the Trask watershed may
have been sufﬁcient to inﬂuence arthropod prey abundance for
some bird species. By design, shrub cover did not differ between
riparian and upland habitats in our study, but differences in plant
species composition may have partially accounted for the greater
insect abundance in riparian areas that we observed. In particular,
salmonberry, which can support a high abundance of arthropods
(Allan et al., 2003) was the dominant understory species in riparian
areas on our sites (Jenkins, 2010), and is one of the most common
and abundant shrub species in riparian forests throughout the
Coast Range (Pabst and Spies, 1998). In contrast, the most abundant tall shrub on upland plots, vine maple, typically supports
low abundance of most insect orders except Homoptera (Oboyski,
1995; Doolittle, 2000; Hagar et al., 2007). The distinct distributions
of shrub species along a gradient from moist, productive, and frequently disturbed riparian sites (salmonberry dominance) to drier
and more shaded hillslopes (vine maple dominance) is a typical
pattern in Coast Range plant communities (Pabst and Spies,
1998). Even along zero-order basins, ﬂuvial vegetation can be distinctive from that on upland hillslopes (Sheridan and Spies, 2005).
We hypothesize that greater insect prey abundance in riparian relative to upland forests will be constant throughout the region if
this gradient in environment and plant species composition is a
driver of insect prey availability.

Table 1
Diet and foraging habits of four bird species associated with riparian habitats in the Oregon Coast Range. Sources: species accounts in Birds of North America (Ammon and Gilbert,
1999; Lowther, 2000; Mack and Yong, 2000; Hejl et al., 2002), and in Birds of Oregon (Marshall et al., 2003).

a

Bird species

Diet

Foraging strategy

Foraging locations

Paciﬁc-slope ﬂycatcher
(PSFL)

Almost exclusively
invertebrates

Primarily hawks; also gleansa

Hawks prey from air; gleans prey from foliage and tree trunks in lower to
mid-canopy

Swainson’s thrush
(SWTH)

Invertebrates and fruit

Primarily gleans

On or near forest ﬂoor, from ground, litter, and foliage

Wilson’s warbler
(WIWA)

Primarily invertebrates

Gleans while hovering and from
perches

Deciduous foliage in mid- and understory

Paciﬁc Wren (PAWR)

Primarily invertebrates

Primarily gleans

Near forest ﬂoor on substrates such as dense shrub foliage, root wads,
stumps, logs

Gleaning = picking prey from a substrate.

Author's personal copy

222

J.C. Hagar et al. / Forest Ecology and Management 285 (2012) 213–226

5. Conclusions
Higher abundances of Swainson’s thrush, Paciﬁc-slope ﬂycatcher, Paciﬁc wren and Wilson’s warbler in riparian compared
to upland habitats (Jenkins, 2010) were better explained by patterns of terrestrial arthropod prey abundance than by subsidies
of aquatic emergent insects. Aquatic insects represented a relatively small proportion of available prey abundance and biomass,
and we found little evidence of aquatic emergent insects in the
diets of these riparian-associated bird species. Therefore, variation
in availability of terrestrial prey from streamside to upland, rather
than subsidies of aquatic insects to terrestrial habitats may better
explain bird distributions along this gradient. In particular, ﬂying
arthropods that are common prey for Wilson’s Warbler and Paciﬁc-slope ﬂycatcher were more abundant at riparian compared to
upland sites in our study; these patterns were consistent with
riparian associations of these birds throughout the region (McGarigal and McComb, 1992) (Hagar, 2003b).
Given that insect abundance and biomass can vary among species of plants (Southwood, 1961; Wipﬂi, 1997), Hagar et al., 2007),
our ﬁndings suggest that the distinct vegetation that characterizes
riparian areas may be a key factor in distinguishing riparian from
upland habitats for birds and their terrestrial arthropod prey. The
signiﬁcant contributions made by riparian vegetation to aquatic
food webs through subsidies of leaf litter and terrestrial invertebrate prey for ﬁsh have been well documented (Wipﬂi, 1997;
Romero et al., 2005), and the importance of understory vegetation
to food webs in upland forests also is gaining in recognition (Hagar,
2007; Swanson et al., 2011). In spite of the fundamental function of
understory vegetation in both aquatic and terrestrial systems, it

has not typically been a focus of management except to control
competition with commercially valuable conifers (Wagner et al.,
2006). However, whether directly through vegetation control or
indirectly through changes in canopy cover, forest management
does inﬂuence understory communities in riparian (Wipﬂi and
Baxter, 2010) and upland habitats (Thysell and Carey, 2000). Managers interested in maintaining ecosystem function and biodiversity in riparian areas might therefore consider intentionally
incorporating understory communities into management plans.
The gradient in arthropod prey from riparian to upland habitat that
we documented suggests that understory communities, along with
overstory trees, may be helpful in deﬁning management zones for
riparian habitats of invertebrate and avian species.

Acknowledgments
We thank W. Gerth for processing, measuring, and identifying
arthropods in the lab. We are grateful for the ﬁeld and lab work
performed by the ‘‘Bug Crew’’: K. Meyer, S. Moellendorf, B. Morrisette, C. Murphy, Y.-J. Su, and especially J. King, S. Robins, J. Ruthven,
and R. VanDriesche; and to the ‘‘Bird Crew’’, including B. Barbaree,
E. Dittmar, H. Howell, M. Jenkins, N. Jenkins, D. Leer, J. Leslie, A.
Mohoric, M. Moses, M. Schuiteman, J. Watson, and D. Wiens for
assisting with collection of ﬁeld samples. Thoughtful critiques from
two anonymous journal reviewers also were much appreciated.
Financial support for this project was provided by the USGS Forest
and Rangeland Ecosystem Science Center. Any use of trade, product, or ﬁrm names is for descriptive purposes only and does not imply endorsement by the US Government.

Appendix A. A representative sample of insects captured in Malaise traps at four paired riparian and upland sample sites, collected
on July 28th, 2008, headwaters of the Trask River, Oregon, USA.
Order

Family or grouping

Coleoptera

Cantharidae
Cerambycidae
Chrysomelidae
Coccinellidae
Curculionidae
Elateridae
Erytolidae
Scirtidae
Scraptiidae

Adult aquatic

Count for week
Riparian

Diptera

Acalyptrate muscoid
Agromyzidae
Anthomyiidae
Asilidae
Calliphoridae
Cecidomyiidae
Ceratopogonidae
Chironomidae
Chloropidae
Clusiidae
Conopidae
Dolichopodidae
Drosophilidae
Empididae
Empididae – Orethalia
Fanniidae

X

X
X

X

Individuals/day

Upland

Riparian

Upland

2
1
1
3
0
0
1
2
3

3
2
0
0
1
5
0
1
2

0.29
0.14
0.14
0.43
0.00
0.00
0.14
0.29
0.43

0.43
0.29
0.00
0.00
0.14
0.71
0.00
0.14
0.29

4
1
26
0
1
55
200
20
22
1
0
46
5
186
1
6

8
1
13
10
2
20
149
0
70
0
1
10
1
43
0
0

0.57
0.14
3.71
0.00
0.14
7.86
28.57
2.86
3.14
0.14
0.00
6.57
0.71
26.57
0.14
0.86

1.14
0.14
1.86
1.43
0.29
2.86
21.29
0.00
10.00
0.00
0.14
1.43
0.14
6.14
0.00
0.00
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Appendix A (continued)
Order

Family or grouping

Heleomyzidae
Lauxaniidae
Milichidae
Muscidae
Mycetophilidae
Pallopteridae
Phoridae
Piophilidae
Pipunculidae
Platypezidae
Psychodidae–Trichomyiinae/Bruchomyiinae
Psychodidae–Psychodinae
Rhagionidae
Sarcophagidae
Scathophagidae
Scatopsidae
Sciaridae
Sphaeroceridae
Stratiomyiidae
Syrphidae
Tabanidae–Hybomitra
Tachinidae
Tethinidae
Therevidae
Tipulidae–Tipulinae
Tipulidae–Limoniinae
Trixoscelidae
Xylophagidae

Adult aquatic

X

X

X

X
X

Count for week

Individuals/day

Riparian

Upland

Riparian

Upland

26
3
1
28
296
1
352
1
67
4
2
3
150
5
30
8
184
10
19
15
21
12
1
3
6
35
8
0

9
0
0
23
186
0
48
0
104
0
0
0
41
1
10
3
128
0
0
1
8
19
0
0
1
6
1
1

3.71
0.43
0.14
4.00
42.29
0.14
50.29
0.14
9.57
0.57
0.29
0.43
21.43
0.71
4.29
1.14
26.29
1.43
2.71
2.14
3.00
1.71
0.14
0.43
0.86
5.00
1.14
0.00

1.29
0.00
0.00
3.29
26.57
0.00
6.86
0.00
14.86
0.00
0.00
0.00
5.86
0.14
1.43
0.43
18.29
0.00
0.00
0.14
1.14
2.71
0.00
0.00
0.14
0.86
0.14
0.14

1
4

0
0

0.14
0.57

0.00
0.00

Ephemeroptera

Ephemerellidae
Ephemeroptera sp.

Hemiptera

Lygaeoidea
Miridae

1
1

0
0

0.14
0.14

0.00
0.00

Homoptera

Achilidae
Cercopidae
Cicadellidae

0
1
40

2
0
18

0.00
0.14
5.71

0.29
0.00
2.57

Hymenoptera

Braconidae
Chalcidoidea
Diapriidae
Dryinidae
Formicidae
Hymenoptera sp.
Ichneumonidae
Megaspilidae
Pompilidae
Proctotrupidae
Scelionidae
Sphecidae
Tenthredinidae
Vespidae

82
6
14
0
1
0
101
0
0
1
0
0
6
2

54
3
6
11
0
1
84
2
5
0
2
1
8
0

11.71
0.86
2.00
0.00
0.14
0.00
14.43
0.00
0.00
0.14
0.00
0.00
0.86
0.29

7.71
0.43
0.86
1.57
0.00
0.14
12.00
0.29
0.71
0.00
0.29
0.14
1.14
0.00

Lepidoptera

Geometridae
Microlepidoptera
Noctuidae
Pterophoridae
Pyralidae
Tortricidae

30
2
8
0
27
5

17
12
6
1
30
12

4.29
0.29
1.14
0.00
3.86
0.71

2.43
1.71
0.86
0.14
4.29
1.71

Plecoptera

Chloroperlidae

1

0

0.14

0.00

X

(continued on next page)
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Appendix A (continued)
Order

Family or grouping

Nemouridae
Peltoperlidae
Psocoptera

Psocoptera sp.

Trichoptera

Hydropsychidae
Trichoptera sp.

Total individuals
Total aquatics

Adult aquatic

X
X

X
X
X

Count for week

Individuals/day

Riparian

Riparian

Upland

Upland

0
4

1
0

0.00
0.57

0.14
0.00

4

6

0.57

0.86

1
1
2222
294

0
0
1214
165

0.14
0.14
317.43
42.00

0.00
0.00
173.43
23.57

Appendix B. Aquatic adult insects captured in emergence traps during sampling periods in 2008 (7 July–25 August) and 2009 (22
June–10 August) at four sample sites in the headwaters of the Trask River, Oregon, USA. Mean is for all four sites sampled within each
year; range is the minimum and maximum emergence rate seen among all sites.

Order

Family and/or genus

2008 (individuals/m2/day)

2009 (individuals/m2/day)

Mean

Range

Mean

Range

Coleoptera

Elmidae – Heterlimnius
Elmidae – Lara
Hydrophilidae sp.

0.02
0.01
–

0–0.68
0–0.33
–

–
0.03
0.01

–
0–0.43
0–0.42

Diptera

Blephariceridae sp.
Ceratopogonidae sp.
Chironomidae sp.
Dixidae sp.
Empididae – Chelifera
Empididae – Clinocera
Empididae – Dolichocephala
Empididae – Neoplasta
Muscidae sp.
Psychodidae sp.
Simuliidae sp.
Thaumalidae – Thaumalea
Tipulidae sp.

0.04
0.03
11.36
0.08
0.04
0.17
–
0.28
0.02
0.16
0.14
0.04
0.26

0–0.35
0–0.42
1.70–32.31
0–0.99
0–0.35
0–1.00
–
0–1.05
0–0.34
0–1.00
0–0.69
0–0.33
0–1.72

–
0.01
19.30
0.07
0.02
0.10
0.01
0.04
0.02
0.14
0.09
–
0.23

–
0–0.46
3.17–76.04
0–0.93
0–0.68
0–1.33
0–0.34
0–0.66
0–0.68
0–1.58
0–1.87
–
0–1.64

Ephemeroptera

Ameletidae – Ameletus
Baetidae – Baetis
Baetidae – Diphetor
Baetidae sp.
Ephemerellidae – Drunella
Heptageniidae – Cinygma
Heptageniidae – Cinygmula
Heptageniidae – Epeorus
Heptageniidae – Ironodes
Heptageniidae sp.
Leptophlebiidae – Paraleptophlebia

0.24
0.48
–
0.02
0.07
0.06
0.04
0.02
0.06
0.37
1.64

0–1.41
0–2.25
–
0–0.33
0–0.34
0–0.35
0–0.35
0–0.34
0–0.70
0–3.16
0–5.29

0.08
0.09
0.01
–
0.07
0.01
–
0.03
0.06
0.52
1.14

0–1.34
0–0.44
0–0.35
–
0–0.84
0–0.34
–
0–0.89
0–0.99
0–2.37
0–3.38

Plecoptera

Chloroperlidae – Alloperla
Chloroperlidae – Sweltsa
Chloroperlidae sp.
Leuctridae – Despaxia
Leuctridae – Moselia
Leuctridae – Paraleuctra
Nemouridae – Malenka
Nemouridae – Ostrocerca
Nemouridae – Soyedina
Nemouridae – Zapada
Nemouridae sp.
Peltoperlidae – Soliperla

0.19
0.01
–
0.16
0.01
–
1.00
0.07
0.04
0.02
0.04
0.02

0–0.69
0–0.33
–
0–2.60
0–0.32
–
0–3.36
0–0.64
0–0.68
0–0.35
0–0.35
0–0.33

0.06
0.08
0.01
0.02
0.38
0.03
1.03
0.21
0.08
0.02
–
0.01

0–0.65
0–0.47
0–0.34
0–0.34
0–3.72
0–0.88
0–3.11
0–1.90
0–0.48
0–0.49
–
0–0.32
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Appendix B (continued)
Order

Family and/or genus

Peltoperlidae – Yoraperla
Perlidae – Doroneuria
Perlodidae – Calliperla
Perlodidae – Chernokrilus
Perlodidae – Isoperla
Pteronarcyidae – Pteronarcys
Trichoptera

Brachycentridae – Micrasema
Glossosomatidae – Anagapetus
Glossosomatidae – Glossosoma
Hydropsychidae – Parapsyche
Lepidostomatidae – Lepidostoma
Limnephilidae – Chyranda
Limnephilidae – Limnephilus
Philopotamidae – Dolophilodes
Philopotamidae – Wormaldia
Rhyacophilidae – Rhyacophila
Uenoidae – Farula
Uenoidae – Neophylax
Uenoidae – Neothremma
Total adult aquatics (individuals/m2/day)
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