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Chapter 1

General Introduction

Small streams in Oregon's Coast Range are rich in aquatic fauna consisting of

insects, mollusks, amphibians and fish. Riparian areas are ecotones between terrestrial and

aquatic ecosystems that encompass sharp gradients of environmental factors, ecological

processes, and plant communities (Gregory et.al.1991). According to Vesely (1997) many

amphibians are riparian associates; riparian buffers > 40m wide are known to provide the

most benefit to forest associated birds (Hagar 1999). Fish sometimes feed on terrestrial

arthropods originating from riparian vegetation (Cada et.al. 1987, Romero 2004). Riparian

alder stands in Alaska contribute more terrestrial prey for fish than conifer dominated old

growth stands (Allan 2003, Wipfli 1997). Leaf litter from riparian sources is an important

supplier of dissolved organic carbon to streams (Meyer etal. 1998). Headwater streams in

the Pacific Northwest are especially dependant on allochthonous (of external origin) materials

from riparian areas for maintaining biota due to low autochthonous (of internal origin)

production (Anderson and Cargill 1987, Vannote et. al. 1980, Dieterich, 1992).

Leaf fall especially from hardwoods during the defoliation period can contribute

substantially to allochthonous materials in streams. Hardwood leaves are nitrogen rich and

degrade faster than conifer needles making them more readily available to stream

invertebrates, potentially affecting stream invertebrate biomass and abundance (Gessner and

Chauvet 1994). After spending most of their lives as larvae in streams most aquatic insects

emerge as adults and reproduce. Some of them live only a few minutes and some upto

months, when they mate and lay their eggs in the water making them vulnerable to stream

predators. Stream conditions such as temperature, habitat structure, stream order and type of

organic material play major roles in affecting aquatic communities and their emergence

patterns (Vannote et. al. 1980, Chadwick and Feminella 2001). Adult aquatic insects that

emerge and disperse out from streams can be considered a source of prey for stream channel

and riparian predators (Nakano and Murakami 2001) with the likelihood of strong influences

on riparian food webs.

Current management practices for riparian areas mandate that instream habitat must

be improved for fish, especially anadromous species. The Aquatic Conservation Strategy of

the Northwest Forest Plan mandates maintenance of water quality and conservation of

anadromous fish and other terrestrial and aquatic species dependant on water quality and

quantity. In order to enhance the quality of instream habitat a number of structures and large

logs have been placed in streams in Oregon. Large conifers in comparison to hardwood trees

have a longer survival time and provide large and more stable refuge for fish. Because large

conifers are the preferred instream habitat structure long term plans are to increase planting of
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riparian conifers. However we have limited information about how hardwood-dominated

functions might differ from conifer-dominated riparian zones in functionality, particularly how

they provide resources for invertebrates and vertebrates. Although conifer stands contain

greater foliar biomass, only a fraction of that biomass is lost as litterfall; litterfall in deciduous

stands might exceed that of coniferous stands (Gregory et.al.1991) and provide more foliar

biomass to streams. Moreover deciduous trees generally have more associated invertebrate

species than do conifers (Southwood 1961, Allen et al 2003) and potentially could supply

more invertebrate input to adjacent streams (Wipfli 1997, Allen et al 2003). Reciprocating the

supply of leaves and invertebrates as nutrients into streams, riparian exchanges also include

emerging adult aquatic insects which supply nutrients to terrestrial systems. Thus the

structure and function of riparian ecosystems may be characterized by the flux of energy and

its efficiency of transfer.

This study is part of a larger study for CFER (Cooperative Forest Ecosystem

Research) in which terrestrial and aquatic riparian food webs are being characterized. Target

consumer groups were identified based on current and projected ecological concerns

including top predators such as birds, bats, amphibians and intermediate predators such as

predatory spiders. The group's study is based on differences in riparian canopy type namely

hardwood and conifer domination. Study sites were located in the Coast range of Oregon

which is dominated by two vegetation zones, the Sitka Spruce (Picea sitchensis) zone, which

corresponds to the 5-15km fog belt that runs along the Pacific Ocean and the Western

Hemlock (Tsuga hoterophylla) zone that lies inland of the Sitka Spruce zone (Franklin and

Dyrness 1973). All sites for this study were located in the Western Hemlock zone.

My study emphasizes riparian tree and shrub differences as context for adult aquatic

insect emergence and dispersal in riparian areas. In small headwater streams of Coastal

Oregon low primary production makes primary consumers such as aquatic insects dependent

on allochthonous (external inputs) materials from riparian areas. The distributions of riparian

spiders which are secondary consumers were studied in relation to prey and structural

availability along with canopy type and seasonal differences. Temporal and spatial

distributions of emergent prey and these terrestrial predators will quantify one source of flux

between stream and forest biomass in coastal riparian zones.



Chapter 2

Riparian canopy associations with seasonal aquatic emergence in headwater streams
of the Oregon Coast Range.

Introduction

Forested low order streams of the Pacific Northwest derive an important proportion of

their energy from allochthonous organic matter, originating from streamside vegetation

(Vannote et al 1980). Low levels of sunlight result in low primary productivity in headwater

streams, greatly increasing the importance of allochthonous materials as food resources.

Because headwater streams have a high ratio of shoreline to stream bottom area, riparian

vegetation (deciduous and coniferous) can make significant contributions to the food supply.

Hardwood leaves, especially Alnus sp. have a higher percentage of nitrogen content

compared to conifer needles (lverson 1974). The dominant riparian vegetation in unmanaged

central Oregon Coast Range streams is red alder (Alnus rubra) (Nierenberg and Hibbs 2000).

Ainus sp. are ubiquitous in these headwater streams, where they are likely to be important

nutritional resources. Leaf fall, especially from deciduous trees, primarily occurs during

autumn after most leaf nutrients (sugars and amino acids) have been reabsorbed by the plant.

Leaves that enter the stream lose most of their remaining soluble nutrients within 1 to 2 days

and soon after fungi and bacteria colonize them, leading to structural softening of the leaves.

Lastly leaf breakdown into CPOM (course particulate organic matter), and then to FPOM (fine

particulate organic matter), results mostly from feeding activities of shredders (Benfield 1996).

Insects that feed on non-living particulate organic matter and algae are potentially more

abundant in headwater streams (Williams and Feltmate 1992). Aquatic insects have feeding

mechanisms that categorize them into: shredders that feed on CPOM, collectors on FPOM,

scrapers on periphyton and predators on prey. Shredders feeding during fall-winter are known

to primarily consume deciduous leaves and those that feed during spring-summer also utilize

conifer leaves (Cummins et al 1989). We would expect these organisms to be abundant in

hardwood-dominated systems.

Primary production is known to be low in small shaded streams; however higher

primary production may occur in hardwood-dominated streams compared to conifer-

dominated streams due to better light conditions. In spring when leaves are still budding,

hardwood-dominated reaches probably receive more light than conifer-dominated reaches

creating better conditions for primary production. Therefore differences in available algae and

CPOM, influencing abundance and biomass of aquatic insects, would most likely occur in

these streams. This study estimates abundance and biomass of adult aquatic insects in



Oregon's coastal headwater streams where levels of primary production and allochthonous

inputs probably vary.

In these streams, large conifers in riparian areas are important as potential sources

for large wood in streams (Bilby 1981, Benda et.al. 2002). This stable wood improves habitat

conditions for aquatic organisms by providing shelter from predators, maintaining water

temperature and improving gravel retention. Remnant tree stumps in riparian areas are

reminders of large conifers located close to streams; these were harvested during Jogging

operations in the early 1900's, leaving hardwoods in place. Land use practices that modify

riparian vegetation can affect the availability of food resources for aquatic communities, hence

contributing to variations in community structure (Hawkins et. al 1982). Recently conifers

have been planted and hardwoods removed in hardwood-dominated riparian areas to

replenish conifer stocks, but very little is known about the effects of varying canopy types on

aquatic systems, and in stream processes.

Because the benefits of large wood in streams are important to fish, aquatic

invertebrates and amphibians, many stream restoration projects bring in large wood from

elsewhere. Riparian reserves (NWFP 1996) have been set aside for conserving stream bank

integrity, water quality and providing stream shade to keep streams cool. One strategy for

increasing conifer stocks in riparian areas as recruits for large wood would require thinning

deciduous trees to provide light for young conifers. However large scale removal of

hardwoods might impair stream shade and cause a decrease in high quality food for stream

organisms. Though hardwoods are not considered high quality material for large wood in

streams, their leaves often contain high nutritional value, and the type of understory

vegetation overhanging streams may affect aquatic insect production by providing additional

leaf nutrients. An important way to estimate their influence on aquatic biota is to compare

insect production from streams with conifer- or hardwood-dominated riparian cover. In Idaho

streams, disturbance frequencies had a larger effect on benthic communities than canopy type

(Robinson and Minshall 1986). In Alaska deciduous riparian vegetation contributed more

terrestrial arthropods to salmonids in streams than in coniferous reaches (Wipfli 1997).

Density and biomass of emerging adults were higher in temporary streams and taxonomic

richness was greater in perennial streams (Progar and Moldenke 2002). The focus of my

study, emergence of aquatic adults comparing conifer- and hardwood-dominated sites has not

been examined. This approach will provide another measure for assessing riparian

management strategy.

Behavior after emergence can vary among aquatic insect taxa. Emerging adult

Ephemeroptera do not feed due to the lack of mouth parts but adult Plecoptera can feed on

fungi and pollen (Smith and Collier 2000). Feeding in Plecoptera is important for longevity
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which may affect survival at further distances from streams before they reach mates or

streams to oviposit their eggs. Some caddisflies may depend on nectar for their eggs to

mature. The movement of resources between systems, affects the complexity and structure

of foodwebs, an constitutes a form of spatial subsidizing across ecotones as demonstrated by

Nakano and Murakami (2001). Adult aquatic insects potentially play a role in this exchange by

emerging from streams and becoming prey for waiting predators such as spiders (Sanzone et

al 2003, Collier et al 2002), birds (Louis et al 1990), bats and lizards (Sabo and Power 2002).

Energy flow from marine to terrestrial food webs was established by Gary Polis (1995) in his

study on spiders responding to aerial arthropods and predatory lizards. Invertebrate dispersal

from streams could be important for riparian predators and may be affected by microclimatic

conditions such as air temperature and relative humidity (Collier and Smith 2000), factors that

could change with riparian management of buffer widths and types of treatments. By

examining the movement of aquatic insects after emergence we can assess their potential

contribution as aerial prey for predators in riparian systems.

Using measures of aquatic insect abundance and biomass emerging from streams,

this study describes differences between conifer- or hardwood-dominated sites during spring

and summer, and explores the effect of shrub types overhanging the stream. Dispersal

patterns of adult aquatic insects in riparian areas of small order, coast range streams in

Oregon were also explored. My research objectives were to determine: 1) the influence of

canopy type (conifer- and hardwood-dominated) and different shrub type overhanging streams

on abundance and biomass of emerging adult aquatic insects, 2) the influence of seasons

(spring and summer) on abundance and biomass of emerging adult aquatic insects and 3) the

distributions of adult aquatic insects in riparian areas.

Methods

Study sites

In late spring (May 25th to July loth) and late summer (August l to September 15tI) of 2002, I

sampled ten first to second order streams in the Oregon coast range. Available sites were

explored initially using aerial photos and GIS databases from ODFW, NMFS and BLM

websites. Suitable site criteria included approximately 30m of consistent riparian vegetation

width, cobble stream substrate, approximately 70 year old upsiope vegetation and a length of

study section approximately 100-150m long at 181 to 288 meters in elevation. Mean annual

precipitation in the coast range is about 150 - 38Ocms (Taylor, 1993). In order to

accommodate overlapping CFER (Cooperative Forest Ecosystem Research) team studies

examining riparian foodwebs, sites were located in the Alsea, Siuslaw and Upper Willamette

watersheds (figure 2.1). Each study site was 100 meters long.
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Standard maximum and minimum thermometers were hung from riparian shrubs

located between 5 -10 feet from the stream and about 5 feet above ground at Haight and

Coleman Creeks (hardwood-dominated), and Watershed Conifer and Dogwood Creeks

(conifer-dominated). Water temperature was recorded continuously with Hobo temperature

gauges placed in the stream through both sampling periods at eight sites. At each site, stream

width at bank full width was measured every ten meters for the entire I O0meter study section.

Site elevations were obtained from USGS 1:24,000 scale topographical maps. Each site

location is specified with its Universal Transverse Mercator (UTM) coordinates.

Vegetation sampling

Transects were lain perpendicular to the stream with 1 sq. meter plots placed at 0, 7,

14, 21 and 28 meters from stream edge within which percent and type of canopy cover

(moosehorn estimate) was measured. Moosehorn readings also were taken in the middle of

the stream channel at I Ometer intervals for the entire length of the I OOm study section, to

estimate percent and type of cover situated directly over the stream channel. Visual estimates

of shrub type and percent cover overhanging the stream were measured for each 10 meter

section of the stream study section. I also walked 400 meters upstream and visually

estimated the overall condition of riparian canopy vegetation; the objective was to appraise

upstream variations in canopy type that might have an influence on the biotic estimates at

each site.

Invertebrate collection

Emergence traps to capture adult aquatic insects were placed over protruding rocks

located in stream riffles each covering 0.25 m2 of substrate. Traps were made of PVC pipes

and 250 micron mesh netting. Four emergence traps were used per stream study section; for

10 study sections a total of 40 emergence traps were set (figure 2.2). Each emergence trap

was set randomly within 25 meter sections of the study site. Insects were caught in small

plastic trays containing water with surfactant located at the top of the traps. Traps set

continuously for 4-5 weeks in the spring sampling period and 5-6 weeks in the summer

sampling period were checked, emptied and reset every 7 days. This was the preferred

period of time for checking traps since entrapped invertebrates began to decompose if left

longer. Abundance and biomass estimates were adjusted for sampling time per site. The

contents of each trap were collected from traps using tweezers and aspirators, placed into

plastic whirl pack© bags after sieving through 250 micron sieves, and preserved in 95% ethyl

alcohol. For identification, a dissecting microscope fitted with an ocular micrometer was used.

Adult Ephemeroptera and Plecoptera were identified to genus and Trichoptera to family.

Diptera were not identified beyond order. Insects that were damaged from sampling were

identified to the lowest possible resolution. Length of all insects, were measured from the



Figure 2.2. Diagrammatic representation of the lOOm study section. Each 25m subsection
had one emergence trap set. Spider and sticky trap transects were laid perpendicular to the
stream.
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anterior portion of the labrum to the posterior portion of the last abdominal segment. After

identification and measurement, a subset of individuals from each site (to increase

representation), were preserved in alcohol and set aside for six months, to estimate dry mass.

Length weight regressions were developed and used to measure mass based on

known lengths. Preserved individual specimens were dried at 70°C for 24 hours, cooled and

weighed to the nearest 0.01mg in the lab (Hodar 1996, Sabo 2002). Individuals of

Ephemeroptera included in the regression estimates were from families of Heptageniidae,

Leptophlebiidae and Baetidae. Plecoptera included Perlidae, Peltoperlidae, Nemouridae,

Perlodidae, Leuctridae, and Chloroperlidae. Trichoptera had Rhyacopillidae, Brachycentridae,

Phryganeidae, Glossosomatidae, Hydropsychidae, Psychomiidae and Helicopsychidae

Sticky traps were set to estimate dispersal distance of adult aquatic insects in riparian

areas and assess prey availability to web spinning spiders. They consisted of l2inch x l2inch

plastic bags with tanglefoot (sticky resin used to catch insects) spread thinly on one side.

They were placed in four transects perpendicular to the stream at each 1 OOm study site; one

transect was placed randomly in each 25m sub-section of the lOOm study section, with

placement alternating between each side of the stream (figure 2.2). The traps were placed

along each transect at Om, 7m, 14m, 21m and 28m distances from the stream and were tied

onto shrubs or other available vegetation, with the sticky side facing the stream, between 0.5m

to I .5m above the ground. After collection in the field, sticky traps were frozen for 2-3 months

to preserve specimens until identification could proceed. Ephemeroptera, Plecoptera,

Trichoptera and Diptera caught on sticky traps were counted, grouped by distance and

summed for each site.

Analytical tools

The effects of overhanging understory shrubs were analyzed with one way anova by

testing for differences in abundance and biomass between three treatments: vine maple (Acer

circinatum), salmonberry (Rubus spectabilis) and a mixture of other understory species. Vine

maple and salmonberry were the two most dominant shrub species in the study sites; their

influence on emergence was expected to be the greatest amongst overhanging shrubs.

Length-dry mass regressions for Ephemeroptera, Plecoptera and Trichoptera were

developed by calculating the slope and intercept in the power equation:

In (dry mass) = in a + b In (length). (a = intercept, b = slope) (Smock 1980). Invertebrate data

did not severely violate basic assumptions of normality and homoscedasticity, allowing the use

of parametric statistics. Log transformations were applied to remedy skewed data (Ramsey

and Schafer, 1997), after adding 1 to the value in order to deter problems associated with log

transforming zero (Zar, 1999). Two-way anova with a 2x2 factorial design was used to

estimate the effects of canopy type (hardwood- or conifer- dominated) and seasons (spring
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and summer) on adult aquatic insect abundance and biomass for each order. The two factors

canopy type and seasons are said to be "crossed" because each level of one factor is found in

combination with each level of the second factor (Zar 1999). For two way anova calculations

abundances and biomass were averaged for each order for each week per trap across sites.

Similarities in composition of adult aquatic emergent abundances at the family level

between sites were compared using Non-metric Multidimensional Scaling (NMS) with

Sorenson distance measures. NMS is a non-parametric ordination technique for assessing

the dimensionality of a data set and is widely used in interpreting ecological data. (McCune

and Grace 2002). An r2 of 0.5 was used as a cut off point for choosing significant explanatory

variables in the ordination. Abundances were log (x+1) transformed to reduce the influence of

dominant taxa on the analysis. Ordinations were run to produce the 2-dimensional solutions

with the least distortion (stress) possible. Graphs were rotated to facilitate interpretation.

EPT (Ephemeroptera, Plecoptera, Trichoptera) are obligate stream emergents

whereas Diptera emerge not only from the stream but also emerge from various aquatic and

terrestrial sources. Differences in dispersal between emergent EPT individuals and Diptera

were compared using simple linear regression. Abundances on sticky traps at each distance

along transects were summed and averaged across sites. Statistical software used for anova

and regression tests was S-Plus (version 6.1. Insightful Corp.).

Results

Site descriptions and initial tests

Five conifer- and 5 hardwood-dominated sites were chosen. Hardwood-dominated

sites chosen for this study consisted of riparian areas primarily consisting of hardwood trees.

Conifer-dominated sites primarily consisted of conifer trees but also had some hardwood trees

mixed in. To classify sites, hardwood sites were characterized by riparian areas with wide

hardwood canopy cover; not all conifer sites had a high proportion of conifers directly over the

stream (table 2.1). Sites were categorized as hardwood- or conifer-dominated based on the

proportion of hardwood and conifer measured at 21 m from stream edge; most sites with 50%

conifer at 21 m from the stream were categorized as conifer sites. The only exception was

"Watershed conifer" that did not have conifer as 50% of the canopy type at 21m but because it

had high conifer cover directly over the stream and at 7, 14 and 28 meters (table 2.1),

watershed conifer was classified as conifer-dominated. Riparian vegetation was described

during the month of July, between the two invertebrate sampling seasons. Average ambient

air temperature in riparian areas of 4 study sections in spring were maximum 20°C and

minimum 4°C, in summer temperatures were maximum 28°C and minimum 6°C. Stream

gradient determined by visual estimation, was approximately 3% on average. Four hundred

meters upstream of hardwood sites consisted of hardwood-dominated riparian conditions;
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Table 2.1. Moosehorn estimates of canopy type using percent (%) cover averaged for in-
stream and riparian plots. Riparian plots were placed at stream edge (Om) and 7, 14, 21 and
28m from stream edge. Conifer and hardwood refer to conifer-dominated and hardwood-
dominated sites.

Site Stream 0m 7m 14m 21m 28m
(canopy type) center
Connection 82 hw 74 hw 19 con 54 con 68 con 50 con
Creek 18 open 26 open 58hw 43hw 29hw l4hw
(conifer) 23 open 3 open 3 open 36 open
Dogwood 58 con 67 con 70 con 83 con 60 con 28 con
Creek 20 hw 33 open 30 open 5 hw 37 hw 50 hw
(conifer) 22 open 12 open 3 open 22 open
Starker 40 con 32 con 50 con 65 con 67 con 63 con
Creek 36 hw 42 hw 40 hw 17 hw 15 hw 27 hw
(conifer) 26 open 24 open 10 open 18 open 18 open 10 open
Watershed 29 con 44 con 47 con 19 con 21 con 53 con
Conifer 37 hw 27 hw 28 hw 52 hw 55 hw 29 hw
(conifer) 34 open 29 open 25 open 29 open 24 open 18 open
Whittaker 10 con 54 hw 24 con 33 con 53 con 64 con
Conifer 29 hw 46 open 50 hw 53 hw 30 hw 24 hw
(conifer) 61 open 26 open 14 open 17 open 12 open
Coleman 88 hw 88 hw 94 hw 89 hw 64 hw 39 hw
Creek 12 open l2open 6 open 11 open 24 con 45 con
(hardwood) 12 open 4 open
Haight 97 hw 80 hw 74 hw 55 hw 53 hw 72 hw
Creek 3 open 10 con 26 open 6con 20 con 16 con
(hardwood) 10 open 39 open 27 open 12 open
Honey Grove 88 hw 82 hw 82 hw 87 hw 72 hw 52 hw
Creek 12 open 18 open 18 open 13 open 16 con 31 con
(hardwood) 12 open 17 open
West Rock 70 hw 67 hw 47 hw 63 hw 38 hw 32 hw
Creek 7 con 16 con 41 con 37 con 34 con 40 con
(hardwood) 23 open 17 open 12 open 72 open 28 open
Whittaker 65 hw 7 hw 87 hw 68 hw 61 hw 40 hw
AlderCreek 10 con 7con 10 con 17 con 25 con 42 con
(hardwood) 25 open 14qpn 3 pen 15 open 14 open 18 open

Legend: hw = Hardwoods; con = Conifers
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likewise conifer sites had conifer-dominated riparian conditions upstream. Stream

temperatures were similar between sites. Table 2.2 lists stream temperature (max 13.14°C;

mm 10.69°C for spring: max 14.42°C; mm 12.59°C for summer); both hardwood- and conifer-

dominated streams had similar stream temperatures. Stream widths were similar between

sites (3.34m average for conifer-dominated; 4.2m average for hardwood-dominated sites).

Starker (average width 1.5 meters) was the narrowest stream and probably had the most

influence on conifer-dominated stream widths. Streams were located at similar elevations with

the exception of Coleman creek at 288m. UTM coordinates of study locations are listed in

table 2.2

Overhanging shrubs consisted predominantly of Acer circinatum, Rubus spectabilis

and a mixture of other understory species listed in table 2.3. One way anova revealed no

detectable effects on adult aquatic insect abundance or biomass due to variations in the type

of understory shrubs hanging over the stream.

Regression equations for dry mass estimates are displayed in figures 2.3-2.5 for

Ephemeroptera, Plecoptera and Trichoptera. Trichoptera had the most variability; though 56

individuals from 7 families were used, the regression was not as good a fit as for

Ephemeroptera and Plecoptera. Diptera biomass estimates were calculated using the

equation lnW = -3.21 + 2.2x lnL (n61; R2 =0.67); (Sabo et. al. 2002).

In order to assess overall emergence patterns of Ephemeroptera, Plecoptera,

Trichoptera (EPT) and Diptera emerging from streams, all traps at all sites and both seasons

and were compared. Diptera contributed the most to abundance and biomass of emergent

insects (figures 2.6 and 2.7). Ephemeroptera contributed the next highest numbers, but

Plecoptera contributed more to biomass than Ephemeroptera. Since Plecopterans generally

have larger body size, their individual biomass affected their importance in these comparisons.

A summary of families and genera of Ephemeroptera, Plecoptera and Trichoptera captured in

emergence traps are included in appendix 1.

Abundance and biomass estimates for canopy and seasonal differences.

Canopy: In hardwood dominated sites, emerging Plecoptera and Diptera were more

abundant, and biomass of Ephemeroptera and Plecoptera were higher, compared to conifer

dominated sites (two way anova, table 2.4). No effects of canopy type were observed for

abundances of Ephemeroptera and Trichoptera, or for Trichoptera and Diptera biomass.

Seasons: Both biomass and abundance of Ephemeroptera, Plecoptera and Diptera

were higher during spring than summer, but Trichoptera did not differ in either biomass or

abundance between seasons.

Canopy season interactions: No interactions of canopy and seasons for

Ephemeroptera, Plecoptera, Trichoptera and D iptera were significant.
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Table 2.2. Site Descriptions. Only 8 water temperature sensors were avaflable.

Site Name UTM Elevation Average Average water Canopy
(Sub basin) Location (meters) width temperature Type

(meters) (centigrade)
June August

Connection Creek 460446e 212 3.87 11.70 13.67 Conifer-
(Upper WiUamette) 4929607n dominated
Watershed Conifer 460497e 212 2.67 11.17 13.12 Conifer-
(Upper Willamette) 4929673n dominated
Dogwood Creek 467502e 212 4.12 11.72 13.67 Conifer-
(Siuslaw) 4859355n dominated
Whittaker Conifer 443169e 181 4.54 10.69 12.88 Conifer-
(Siuslaw) 4867239n dominated
StarkerCreek 466415e 181 1.5 NA Conifer-
(Upper Willamette) 4919604n dominated
ColemanCreek 460324e 288 4.21 10.86 12.59 Hardwood-
(Alsea) 4905685n dominated
Haight Creek 460258e 181 5.32 13.14 14.42 Hardwood-
(Siuslaw) 4857506n dominated
HoneyGrove 458262e 181 3.94 11.71 13.63 Hardwood-
(Alsea) 4914478n dominated
West Rock Creek 463408e 181 4.03 12.54 13.80 Hardwood-
(Upper Willamette) 4928672n dominated
Whittaker Alder 443159e 181 3.83 NA Hardwood-
(Siuslaw) 4867153n dominated

Table 2.3. List of overhanging understory species included in 'mixed' category.

Common name Scientific name
Bracken Fern Pteridium aguilinum
Deer Fern Blechnum spicant
Sword Fern Polystichurn munitum
Maidenhair Fern Adianturn pedaturn
Lady Fern Ath yr/urn filix-fernina
Salmonberry Rubus spectabilis
Salal Gaultheria shallon
Red Huckleberry Vacciniurn paivifoliurn
Devil's Club Oplopanax horridus
Stink Currant Ribes bra cteosum
Trailing Blackberry Rubus ursinus
Himalayan
Blackberry

Rubus discolor

Field Mint Mentha arvensis
Juncus Juncussp.
Hazelnut Corylus corn uta
Coltsfoot (palmate) Petasites palmatus
Common Foxglove Digitalis purpurea
Red Elderberry Sambucus racernosa
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Table 2.4. Two-way anova tables comparing abundance and biomass of average emergent
aquatic insects between conifer- or hardwood-dominated sites for spring and summer. Values
were significant (*) at p-value <0.05. Abundance was measured as the average number per
week per emergence trap. Biomass was measured as the average dry mass (mg) per week
per trap. 5 conifer- and 5 hardwood-dominated sites were sampled.

Abundance
Taxonomic groups Factors Variables Mean

abundance (s.e.)
Ephemeroptera Canopy Conifer 5.6 (1.3) ns

Hardwood 4.9 (1.4)
Seasons Spring 9.4 (1.2) *

Summer 1.9 (1.1)
Plecoptera Canopy Conifer 2.2 (1.2) *

Hardwood 3.9 (1.3)
Seasons Spring 5.1 (1.2) *

Summer 1 .7 (1 .2)

Trichoptera Canopy Conifer 3.6 (1 .2) ns
Hardwood 4.8 (1.2)

Seasons Spring 4.8 (1.2) ns
Summer 3.6 (1.2)

Diptera Canopy Conifer 14.2 (1.2) *

Hardwood 36.6 (1.3)
Seasons Spring 33.8 (1.3) *

Summer 15.5 (1.2)

Biomass
Taxonomic groups Factors Variables Mean

biomass (s.e.)
Ephemeroptera Canopy Conifer 2.5 (1.2) *

Hardwood 3.4 (1.3)
Seasons Spring 6.0 (1.2) *

Summer 1.4(1.0)
Plecoptera Canopy Conifer 2.9 (1.4) *

Hardwood 5.6(1 .5)
Seasons Spring 12.1 (1.3) *

Summer 1.3(1.1)
Trichoptera Canopy Conifer 2.7 (1 .2) ns

Hardwood 3.9(1.2)
Seasons Spring 4.0 (1.2) ns

Summer 2.7(1.1)
Diptera Canopy Conifer 10.2 (1.3) ns

Hardwood 17.5 (1.2)
Seasons Spring 18.5 (1 .2) *

Hardwood 9.7 (1 .3)



Community ComDosition.

Of the number of Ephemeroptera, Plecoptera and Trichoptera emerging during spring,

38% were Ephemeroptera, 33% were Plecoptera and 29% were Trichoptera. Summer

emergence samples were comprised of 55% Trichoptera followed by 23% Ephemeroptera and

22% Plecoptera. Leptophlebiidae and Baetidae were the most dominant Ephemeroptera for

spring and summer. Whereas Ephemeroptera patterns persisted for both seasons,

Chloroperlidae and Nemouridae dominated Plecoptera in spring, but Nemouridae and

Leuctridae were most abundant in summer. Rhyacophillidae and Glossossomatidae were the

most prevalent Trichoptera in spring; then Glossosomatidae became the clearly dominant

Trichoptera in summer (table 2.5). Adult aquatic insects from 27 families emerged in spring

and 17 families emerged in summer (table 2.5). Also see Appendix 1.

Non-metric multidimensional scaling (NMS) ordination for community composition of

aquatic adults at the family level based on abundances, revealed substantial differences

between spring and summer, but little difference between canopy types (figure 2.8). Spring

emergence was higher, indicated by r2 = 0.78 along axis 1, reiterating other analyses where

emergence abundances were higher in spring. Little of the variation was explained by axis 2.

Stream temperature and the coefficient of variation for stream temperature were correlated

with axis one associated with seasonal differences using Pearson's correlation coefficient.

For seasonal differences, stream temperatures were higher in summer (r 0.73) but the

coefficient of variation was higher in spring (r = -0.62).

Ordination for spring samples did not yield strong differences between conifer- and

hardwood-dominated sites (figure 2.9). No strong similarities in emergence abundances

between sites located in the same watersheds were detected. The percent hardwood canopy

instream and 21 m from the stream were not correlated to abundances. Elevation, stream

temperature and stream width were explored as explanatory variables for this ordination.

Stream width was the only variable to display a strong correlation with site abundances, with a

Pearson's correlation coefficient of 0.92. I used a secondary matrix also comprised of

abundance data to examine trends in distribution of families (r2 > 0.5). Haight creek had the

highest abundances of Amelitidae, Leptophlebiidae, Nemouridae and Chloroperlidae.

Rhyacophiliidae were most abundant at Coleman, and Hydropsychidae were most numerous

at Starker. NMS did not find a solution for summer samples.
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Table 2.5. Proportional contribution of numbers of adult Ephemeroptera,
Plecoptera and Trichoptera Families to emergence, during spring and summer.

Order Family Percent
contribution
in spring

Percent
contribution
in summer

Ephemeroptera Leptophlebiidae 18 8.7
Baetidae 12 7

Heptageniidae 6 4.5
Ephemerellidae 1.5 1.2
Ameletidae 0.8 1.7
Siphlonuridae 0.07 0

Plecoptera Chloroperlidae 17 0.1

Nemouridae 9.6 13

Perlidae 2.6 0

Perlodidae 1.6 0.3
Leuctridae 0.9 8.6
Peltoperlidae 0.24 0
Pteronarcidae 0.24 0

Capniidae 0.1 0

Trichoptera Rhyacophilidae 8.5 5.2
Glossosomatidae 6 31

Phryganeidae 3 2

Hydropsychidae 2.6 0.1

Helicopsychidae 2.2 0

Hydroptillidae 2 1.8
Philopotamidae 1.4 0
Brachycentridae 1.4 0.1

Lepidostomatidae 1.3 4.1

Limnephillidae 0.6 3.4
Calamoceratidae 0.17 0
Polycentropodidae 0.14 0
Psychomiidae 0.07 0
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Dispersal

Diptera were a dominant component of riparian aerial invertebrates. In both spring

and summer, Diptera dominated insects collected on sticky traps even at increasing distances

from stream edge. Compared to EPT's, Diptera were proportionally more numerous in the 28

meters from stream edge. Regression estimates revealed that the slope estimates for

Trichoptera (figure 2.10) and Diptera (figure 2.11) were significantly different from zero,

indicating Trichoptera and Diptera abundances gradually decreased with distance from stream

edge establishing a linear relationship with distance from stream. Ephemeroptera and

Plecoptera did not have a linear relationship with distance; Figure 2.10 shows higher

abundances of Ephemeroptera and Plecoptera at stream edge with exponential declines of

abundances before the 7 meter mark. Based on examination of analogous graphs, dispersal

patterns of EPT and Diptera were similar in both conifer- and hardwood-dominated sites.

Emergent aquatic invertebrate lengths were compared between sites. In spring

Diptera emerging from conifer sites had an average length of 5mm and those from hardwood-

dominated sites were on average 4.8mm in length (Appendix 2); in summer average length of

emerging Diptera were 3.0mm in conifer-dominated sites and 3.2mm in hardwood-dominated

sites. These values confirm the larger size of emerging Diptera during spring over summer

but that size of emerging Diptera was not an important factor between hardwood- and conifer-

dominated sites.

Discussion

In the Oregon coast range, more adult Plecoptera and Diptera emerged from

hardwood-dominated sites compared to conifer-dominated sites. Moreover biomass of

emerging Ephemeroptera and Plecoptera were higher in hardwood-dominated sites over

conifer-dominated sites presumably because of higher quality food provided by hardwood

leaves. Although emerging Ephemeroptera were more numerous than Plecoptera, the later

having greater size contributed more to biomass. This may affect foraging predators in

riparian areas wanting to maximize benefit for their efforts. In Hawkins (1982) study in the

Oregon Cascades caddisfly larvae had a statistically non-significant increase in abundance

and biomass in response to more hardwoods. Although my study examined adult insects and

Hawkins (1982) studied larvae, I had similar non-significant increases in dry mass and

abundance of adult Trichoptera in hardwood-dominated sites.

Two way anova results from my study indicate Diptera were more abundant in

hardwood-dominated sites and did not statistically differ in biomass between the two canopy

types. Ephemeroptera had higher dry mass and abundance during spring; there were no

differences between canopy type. Plecoptera dry mass and abundance was higher in

hardwood-dominated sites especially in spring. Although increased abundances of
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Ephemeroptera and Trichoptera were not significant (statistically) in hardwood-dominated

sites their numbers were higher in hardwood dominated sites, variability around mean

abundance values may have contributed to non-significant differences between conifer- and

hardwood-dominated sites (table 2.4). Trichoptera abundances and dry mass were also

higher during spring, though differences were not statistically significant.

Comparing canopy types, Plecoptera clearly had more abundance and biomass in

hardwood-dominated sites. Differences for other orders however were not statistically

significant mainly due to variability in average abundance and biomass between sites.

Ephemeroptera were not significantly more abundant but had higher biomass in hardwood-

dominated sites. However greater numbers of Ephemeroptera probably contributed to higher

biomass emerging from hardwood-dominated sites despite the lack of significant differences in

number.

Size differences could be a result of larger taxa emerging or similar species of

emerging adults displaying size dimorphism. Food quality may affect these responses. Alnus

sp leaves have high levels of nitrogen, and experimental studies of food preferences for

caddisflies have shown increased growth rate of individuals when fed Ainus sp leaves (Iverson

1974). Hardwood leaves contain higher levels of nitrogen content and decompose faster than

leaves containing high levels of tannins and lignins, making them more readily available

(Gessner and Chauvet 1994). In addition to numerical differences, higher food quality

probably contributes to differences in biomass.

The overall implications are that hardwood sites might be preferred over conifer-

dominated sites by foraging riparian predators, especially during spring when adult aquatic

prey are more abundant. In summer, persistently greater abundances and biomass of

emerging adults in hardwood-dominated sites suggests predators targeting these insects will

forage in hardwood-dominated riparian zones and confer greater benefits to them. For

example salmonids reliant on terrestrial prey falling into streams during summer (Romero

2004) may feed on ovipositing aquatic insects or those that fall into streams, emphasizing the

importance of hardwood-dominated reaches providing these resources.

Seasonal differences in emergence have been apparent in numerous studies. The

relative contribution of terrestrial and aquatic prey to the diet of birds varied seasonally in

riparian areas, when aquatic prey replaced terrestrial prey resources for birds during the

defoliation period, supplementing the scarcity of terrestrial prey in a study in Hokkaido, Japan

(Nakano and Murakami 2001). The most productive months for aquatic flux were May and

June in that study. Similarly May and June were peak emergence months for 2

Ephemeroptera and 2 Plecoptera species of aquatic insects in an ephemeral stream in the

Oregon coast range (Dieterich and Anderson 1995). Results in my study reveal the same
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pattern, with increased abundances of adult emergence occurring during spring (May-June)

sampling compared to summer sampling. Fafl emergence, not studied here, might have

higher abundances and biomass of Trichoptera.

The relatively greater number of emergent Diptera may have importance as a

mechanism for energy export from streams to terrestrial systems. However predators in

riparian areas might prefer larger prey to maximize benefit for their foraging effort, relying on

emerging Plecoptera. Most studies lack information about specific prey choice. Further

studies involving predators in riparian areas and their choice of prey may shed light on what

types of preferences they might have when presented with different types of aquatic or

terrestrial prey. A study in Ireland focused on the diet of Dippers (Cinculus cinculus) and

found that Trichopteran larvae were the preferred prey item for Dippers which are obligate

stream foragers (Taylor and O'Halloran 2001). From a more general perspective, adult

aquatic insect prey were an important part of bird diet in riparian forests situated in Hokkaido,

Japan. Flycatcher densities were found to be highly correlated with emergence in prairie

shrub habitat and gallery forests, and gleaner densities were positively correlated with

emergence in riparian gallery habitat (Gray 1993). Higher emergence in late spring may have

positive implications for birds and bats during their nesting period.

In my study, community composition of emergents varied from spring to summer

based on NMS analysis, revealing higher abundances of emerging taxa in spring. As

indicated earlier, May and June can have the highest annual emergence in temperate areas.

Although some taxa in my study streams were more abundant during spring, they also

emerged during summer. More families of adult aquatic insects were emerging during spring

than summer indicating higher diversity during spring. During summer stream temperature

and ambient air temperatures are warmer. A higher coefficient of variation for stream

temperature during spring may have resulted from the onset of warm days, with direct sunlight

cast on the stream, while stream temperatures are cool at night. Warmer stream

temperatures can accelerate emergence due to decreased oxygen supplies (Markarian 1980,

Macan 1957) explaining increased emergence during spring before warm summer

temperatures set in for some systems. As stream temperatures rise, insects bear a higher risk

of death because of low oxygen levels which triggers a need to emerge as adults. However

this logic may not be pertinent to Oregon's small cool coastal streams because they are likely

super saturated with oxygen in either season. Though seasonal changes in temperature were

correlated with differences in community composition, mechanisms causing these differences

were not apparent.

In spring, stream width also helped explain patterns of emergent insect composition.

For example Haight Creek had Amelitidae, Leptophlebiidae, Nemouridae and Chloroperlidae;



it was both the widest and warmest stream. This gradient of stream size corroborates

previous studies where stream width is known to be correlated with increases in aquatic

invertebrate taxa and periphyton richness and abundance (Danehy et.al. 1999, Hill et. at.

2000).

Siltation may drive some patterns of assemblage composition. None of the streams in

this study were visibly turbid but Haight creek, a tributary to the Siuslaw River, was known to

have high silt content due the friable nature of the parent sandstone bedrock. In this creek

Leptophlebiidae, mostly Paraleptophiebia sp. were dominant; these mayflies belong to the

collector/gatherer functional feeding group. Wagner (1989) found that Paraleptophiebia sp.

can be more abundant in silted areas of streams. Perhaps this mayfly was an indicator of

greater turbidity at Haight creek.

Aquatic insects are an important energy subsidy into terrestrial areas from streams

(Nakano and Murakami 2001). Emergents have the opportunity to disperse laterally into the

riparian areas, vertically out of the stream channel, or remain in the stream-influenced zone.

The focus of my study was lateral aerial dispersal of adult aquatic insects. Dispersal patterns

of Ephemeroptera, Plecoptera and Trichoptera (EPT) in riparian areas after emergence, shed

light on where these insects might be available for predators in the vicinity of streams. There

were Diptera emerging from streams along with EPT; although Diptera are present in large

numbers in riparian areas, their origins (aquatic or terrestrial) are often ambiguous due to

difficulty in species identifications. EPT were concentrated at stream edge; perhaps they

move upwards to gain altitude and drift on wind currents into upland areas and adjacent

watersheds, or they remain in the stream channel. The latter is most likely since mating

success increases and ensures easy access to water for laying eggs. Plecoptera were most

concentrated at stream edge which might be a result of their larger size hindering their

dispersal and because they are poor fliers. Trichoptera were less concentrated at stream

edge and more evenly distributed in riparian areas, perhaps due to better flying capabilities

attributable to large wings. Trichoptera are known to live longer than other aquatic insects and

may feed on flower nectar. Studies from Broadstone stream in Southern England also

demonstrate that the majority of EPT's have a tendency to remain at streamside locations

after emergence (Petersen et al 1999); Griffith et at (1998) detected the same pattern by

measuring lateral dispersal of adult aquatic insects from headwater streams in West Virginia.

Stonefly survival in New Zealand streams can decrease dramatically when air temperature

increases and relative humidity decreases (Collier and Smith 2000) suggesting survival is

jeopardized outside of the riparian environment.

Techniques for capturing arthropods in riparian areas can include sticky traps, light

traps and malaise traps. Sticky traps used in my study are considered a passive form of
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capture because arthropods are not drawn to them. Light and malaise traps are non-passive

because they attract insects. In general sticky traps might be considered to be more accurate

in their estimate of aerial arthropods. The disadvantages of sticky traps however include

difficulty in 1) preservation of specimens for identification to a higher taxonomic resolution

before decay occurs and 2) removal of insects from sticky traps for identification to a higher

taxonomic resolution under a microscope.

This study revealed higher insect numbers and biomass emerging from steams with

hardwood-dominated riparian areas especially during spring. This may have beneficial

consequences to nesting terrestrial vertebrates such as birds and bats during spring who

forage in these areas. In summer, salmonids eating prey falling into streams may benefit from

higher emergence and subsequent returning insects in these reaches. Hardwood-dominated

reaches may have more complex and trophically enriched food webs compared to conifer-

dominated reaches. Most streams in the central Oregon Coast Range are dominated by

riparian hardwoods, an observation common to older and younger riparian stands. With the

paucity of large wood in Oregon's coastal headwater streams, changes resulting in decreased

nutrients from hardwood removals could adversely affect stream fauna. Managers of riparian

areas should consider how hardwood removals might cause negative impacts to stream biota

and riparian food webs.
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Chapter 3

Distributions of riparian web building spiders in headwater streams of the Oregon
coast range.

Introduction

Studies of predators in terrestrial systems often include spiders because they can be

abundant, ubiquitous and are known to be voracious generalist feeders. Subsidies of prey

from marine to terrestrial systems supported spider populations on islands in Mexico (Polis

1995). The flux of aquatic prey from streams for terrestrial predators has been described in

past studies (Nakano and Murakami 2001; Henschel 2001; Power and Rainey 2000; Sabo

and Power 2002). There is evidence that both ground dwelling and web building spiders

depend on aquatic prey (Sanzone 2003). Previous work studied web spinners

(Tetragnathidae and Araneidae) and ground spiders (Lycosidae, Gnaphosidae and

Agelinidae) foraging in the stream channel or a combination of web spinners (Araneidae and

Linyphiidae) and sit and wait spiders (Salticidae and Thomisidae) dwelling in riparian shrubs

(Wise 1993). Web building and wandering spiders belong to different groups with differing

impacts on prey, habitat use and susceptibility to natural enemies (Wise 1993). Oboyski

(1995) found web-spinning spiders to be more abundant in shaded and humid low order

streams similar to ours, with hunting spiders being more abundant in sunny, mid order sites.

In her experiment using stable isotopes Sanzone (2003) found riparian ground predatory

spiders were the least dependant on adult aquatic insects, therefore ground spiders were not

included in our study. Our study specifically targets riparian shrub dwelling web-spinning

spiders (Araneidae, Linyphiidae and Uloboridae) foraging in the area adjacent to stream edge.

According to optimal foraging theory (Stephens and Krebs 1986) animal behavior

maximizes food consumption relative to energy spent in food acquisition. This means animals

behave in ways that leads to the intake of as much food as possible for a given amount of

energy spent in obtaining that food. Spiders with their voracious appetites may be well suited

to control insect populations (Reichert 1974). What web-spinning spiders eat can be

estimated directly by observing prey in spider webs (Turnbull 1960). Most correlative studies

include methods for estimating predator abundances and available prey. Henschel et al

(2001) found the diet of web spinning spiders did not differ from the relative abundance of

aquatic insects in sticky traps, indicating that spider diet tracked availability. Though field

experiments such as Rypstra's (1985) have demonstrated that web building spiders do

congregate in areas of high rates of prey supply, their response to diverse types of prey are in

question. Lab rearing experiments have shown that a diverse diet improves spider condition

and fecundity (Lowrie 1987, Wise 1979). However prey choice by web building spiders for

diverse prey type has not been demonstrated in nature. When spiders are confronted with a
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decrease in prey abundance, their choice might be to sit and wait or move to a more

productive microhabitat. Reduced prey availability favors the sit and wait strategy

(Norbergl 977), especially when temporal variability in prey supply is high (Caraco and

Gillespie 1986).

Spiders are known to respond to changes to physical factors, such as substratum

(support for webs), temperature, exposure to wind, humidity and soil moisture (Lowrie 1948).

Correlative studies have shown that spider species show associations with certain plant

species. For example Neriene radiata are known to frequently utilize openings in the foliage

of junipers (Wise 1993). Rypstra (1986) found correlations between spider densities,

vegetation amount and insect abundance. Structurally more complex tree species including

Douglas fir and Noble fir were known to harbor higher numbers of spiders per branch

(Halaj.et.al. 1998). Spruce branches with missing needles had fewer large spiders in

Gunarsson's (1988) study presumably because of less protection from predatory birds. In my

study understory shrubs such as vine maple (Acer circinatum) and salmonberry (Rubus

spectabilis) having different structural complexity may provide habitat that is suitable for web-

spinning spiders.

This study is part of a larger food web study "Aquatic Riparian Management and

Conservation Studies" (ARMACS) where the goal is to understand interactions among

organisms such as birds, spiders and plant communities in order to uncover meaningful

patterns about riparian ecosystem function. ACS (Aquatic and Conservation Strategies) from

the Northwest Forest Plan (1996) require the maintenance and restoration of habitat to

support well-distributed populations of native invertebrate and vertebrate riparian-dependent

species. Our study about predatory spiders is an important component of riparian food webs.

In the Oregon coast range riparian areas of many second and third order streams are

dominated by hardwoods; the understory vegetation is dominated by Rubus spectabilis, Acer

circinatum, Gavitheria shallon and many other species of understory shrubs. Their

occurrence can be associated with stand age and type. Gau!theria shallon are associated

with younger conifer stands (40-50 years) with dryer soil conditions. Our riparian sites

consisted of older stands with understory dominated by either Rubus spectabilis or Acer

circinatum found in moist areas. Rubus spectabilis is known to be associated with more

disturbed sites, and there is some concern about its role in suppressing conifer regeneration

(Dave Hibbs, personal communication).

Past harvest practices have depleted large conifers from riparian areas, raising the

concern for long term management of riparian areas for in-stream conifer recruitment. With

greater emphasis being placed on large wood in streams, large wood for restoration projects

are brought from elsewhere to create in-stream structures in lieu of potential recruitment of
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large wood from on site riparian sources. Planting conifers in riparian areas would require

opening the canopy by cutting hardwoods so that increased light would improve growing

conditions for seedlings. However, little is known about the function of hardwoods in riparian

areas.

The results from this study will be important to managers who increasingly seek

information about riparian systems. There is growing evidence to support the importance of

hardwoods in riparian areas. Previous studies have indicated increased invertebrate

contributions supplement fish diet in hardwood dominated streams (Wipfli 1997, Allen et.al

2003). Secondary consumers such as spiders may be distributed differently in conifer- and

hardwood-dominated stands affecting riparian food web dynamics with related consequences

to aquatic and terrestrial vertebrate populations. Because families of spiders may use conifer-

and hardwood-dominated sites differently, spider densities of Araneidae and Uloboridae and

of Linyphiidae were analyzed separately in my study. A primary goal was to understand if

spider densities were regulated by prey availability or available structure in conifer- or

hardwood-dominated sites.

My research objectives were to determine 1) if spider densities were influenced by

canopy type, 2) if they changed temporally at a gradient from the stream, 3) if spider densities

were different between the two most abundant shrubs, vine maple and salmonberry and 4) if

canopy type and seasons had an influence on prey availability.

Methods

The ten sites sampled (5 conifer-dominated and 5 hardwood-dominated) for this study

were the same as those sampled for emergence in the first chapter. Spring sampling

occurred May 19th to June 30th 2002 and summer sampling from August 1' to September 15th

2002. Four spider transects per site were lain perpendicular to streams and parallel to sticky

trap transects, using a systematic sampling design. Transects were placed randomly within

25 meter sub-sections of the 100 meter study site, started at stream edge and extended 28

meters in into the riparian zone (Figure 3.1).

Each 28m transect was entirely sampled by collecting all individuals of orb web

weaving spiders Araneidae and Uloboridae and of Linyphiidae sheet web weavers. These

spiders build webs to maximize the capture of aerial prey. All spiders in the one meter wide

and one meter high (0.5 to 1 .5m) transects were collected to correspond with prey availability

assessed using sticky traps. When each spider was collected, distance from stream edge,

height above ground and species of vegetation where the spider was found, were recorded.

Spiders collected with an aspirator were stored in 75% alcohol iii a vial. Since spiders were

not likely to re-colonize sample plots previously occupied, transects for the second sampling

period were set parallel to the opposite side of sticky traps, avoiding repeated sampling.
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Sticky traps were set to estimate dispersal distance of adult aquatic insects and

assess prey availability to web spinning spiders. Because these transects were parallel to

spider transects, they followed the same rationale for placement. They consisted of l2inch x

l2inch plastic bags with tanglefoot (sticky resin used to catch insects) spread thinly on one

side. Traps were tied onto shrubs or other available vegetation, with the sticky side facing the

stream, between O.5m to 1.5m high at 0, 7, 14, 2land 28 meter distances from the stream.

Sticky traps at each site were changed every two weeks to maintain trapping efficiency.

Collected sticky traps were preserved for 2-3 months by freezing. Specimens on each sticky

trap were identified and counted as Ephemeroptera, Plecoptera, Trichoptera, Diptera and

terrestrial invertebrates.

Vegetation characteristics at spring spider collection points were enumerated during

July; in summer they were described again when spiders were gathered. Vegetation

characteristics included species composition, percent canopy cover taken with a moosehorn,

a visual estimate of the shrub cover, recorded as percent cover per category, shrub height and

stem density. The vegetation plots consisted of I.0m2 quadrats and occurred on the spider

transects at 0, 7, 14, 21, and 28 meter intervals.

Analytical Tools

Two way anova was used to analyze the effects of canopy type (conifer- and

hardwood-dominated) shrub type and seasons (spring and summer). Spider densities were

averaged across sites and included all spiders from three families Araneidae, Linyphhiidae

and Uloboridae. Five conifer-dominated and 5 hardwood-dominated sites were equally

replicated between treatments. Spider densities were log transformed (logY+1) to remedy a

skewed distribution, (Ramsey and Schaefer 1996). in addition to the two way anova for all

spiders combined, the same analysis was repeated separately for each family of Araneidae,

Linyphhiidae and Uloboridae. The occurrence of type I error was considered minimal since

only two explanatory variables were tested. The relationship between distance from stream

edge and spider densities were tested using Pearson's correlation coefficient. Available

vegetation providing structure for web-building spiders was categorized into three types, vine

maple (Acer circinatum), salmonberry (Rubus spectabilis) or other shrub species (Table 3.1).

Spider densities, averaged across sites for the two most abundant shrubs available, vine

maple and salmonberry, were compared using t-tests

Prey availability between conifer- and hardwood-dominated sites were compared

along with seasonal availability using two way anova. Aerial prey avaiiability was grouped into

three types based on their origin: aquatic (Ephemeroptera, Plecoptera and Trichoptera),

Diptera and terrestrial.

The statistical software S-Plus (version 6.1. Insightful Corp.) was used for all tests.



35

Sticky trap

transect

t25m
I

iL

Not to scale

raj
I Spider transect

I

(28m)

R

0
DI$I*

Emergence trap

Figure 3.1. Diagrammatic representation of the lOOm study section. Each 25m subsection
had one spider and sticky trap transect, lain perpendicular to the stream.



Table 3.1. Other shrub species available as structure for spiders.

Polysticum minitum
Gaultheria shaion
Vaccinium parvifolium
Ribes bracteosum
Rubus ursinus
Mentha arvensis
Rubus discolor
Corylus cornuta
Sambucus racemosa
Rhamnus purshiana
Oenanthe cerasiformis
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Results

Two way anova results are summarized in table 3.2. No interactions were significant.

Spider densities including Araneidae, Linyphiidae and Uloboridae

Canopy: Overall spider densities and Linyphiidae were not influenced by canopy type

(figure 3.2). Araneidae and Uloboridae densities were higher in conifer-dominated sites

(table 3.2).

Seasons: Overall spider densities were higher in summer (figure 3.3), and were

higher for all three families of spiders.

Distance from stream edge and spider densities

Orb-web weaving spiders, Araneidae and sheet-web weaving Linyphiidae were much

more negatively correlated to distance from stream edge (r = -0.24 and r = 0.23 respectively)

than Uloboridae (r = - 0.003). For total spider densities including all families the correlation

coefficient was - 0.25 (figure 3.2).

Available structure

In conifer-dominated sites an average of 30% of shrubs consisted of vine maple (Acer

circinatum) and 15% were salmonberry (Rubus spectabilis) (Figure 3.4). In hardwood-

dominated sites, 20% of shrubs consisted of vine maple and 37% were salmonberry.

Salmonberry was very abundant close to the stream at 7m (Figure 3.5). Overall spider

densities were higher when vine maple was available as structural habitat compared to

salmonberry (figure 3.6; t-stat= 2.11; p-value <0.05). Araneidae(t-stat= 2.16; p-value <

0.05) and Uloboridae (t-stat = 3.9; p-value <0.05) densities were also higher when vine

maple was available as structure compared to salmonberry. Linyphiidae densities were not

influenced by vine maple availability.

Available prey

Prey were available as aquatic adults (Ephemeroptera, Plecoptera and Trichoptera -

EPT) that emerged from the stream and dispersed laterally into riparian areas, adult Diptera

that either emerged from the stream and dispersed laterally or emerged from other riparian

sources, and terrestrial prey that were entirely of terrestrial origin. EPT distributions though

fewer in number, were more concentrated at stream edge and declined sharply between

stream edge and 7 meters distance (Figure 3.7). Terrestrial prey distributions had the

opposite trend and were lower at steam edge and disptayed an increase at the 7 meter mark

(Figure 3.7). Diptera (Figure 3.8) were the most numerous prey in riparian areas and numbers

decreased gradually with distance from stream edge.
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Table 3.2. Two way anova of average spider densities for canopy type (conifer- and
hardwood-dominated) and seasons (spring and summer). Values were significant at p-
value <0.01. Spiders were hand collected. Densities were based on a three dimensional
measurement of 7xlxl cubic meters.

Taxonomic groups Factors Variables Mean
Densities (Se)

All spiders Canopy Conifer 4.4 (1.1) ns
Hardwood 3.7 (1.1)

Seasons Spring 3.2 (1.1) *

Summer 5.2 (1.1)
Araneidae Canopy Conifer 1.1 (0.06) *

Hardwood 0.8 (0.06)
Seasons Spring 0.8 (0.05) *

Summer 1 .2 (0.07)
Linyphiidae Canopy Conifer 0.6 (0.05) ns

Hardwood 0.6 (0.05)
Seasons Spring 0.5 (0.05) *

Summer 0.8 (0.05)
Uloboridae Canopy Conifer 0.3 (0.03) *

Hardwood 0.1 (0.03)
Seasons Spring 0.07 (0.02) *

Summer 0.31 (0.04)
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Figure 3.4. Distribution of understory shrubs providing structure for spiders in conifer-
dominated sites.
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Figure 3.5. Distribution of understory shrubs providing structure for spiders in hardwood-
dominated sites.
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Figure 3.6. Average spider densities when vine maple (Acer circinatum- ACCI) and
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Figure 3.7. Distributions of aquatic (Ephemeroptera, Plecoptera and Trichoptera - EPT) and
terrestrial prey in riparian areas. The two canopy types conifer- and hardwood-dominated
were compared for 10 sites. Prey were collected using sticky traps. Bars indicate s.e.
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Distributions of available riparian prey on sticky traps (figures 3.7 and 3.8) revealed

that Diptera were more abundant in hardwood-dominated sites but were not different between

spring and summer (Table 3.3). Aquatic prey were more abundant in hardwood-dominated

sites and during spring as were terrestrial prey (Table3.3). Qualitative examination of prey

remains collected from spider webs consisted of 95% Diptera with the rest being terrestrial

insects such as Hymenoptera and Homoptera. Very few Ephemeroptera, Plecoptera and

Trichoptera were found in webs.

Discussion

In my study of Coastal Oregon headwaters, understory shrubs played an important

role in the distribution of orb web weaving spiders Araneidae and Uloboridae, which were also

more abundant in conifer-dominated sites. Sheet-web weaving Linyphiidae were not

influenced by understory or canopy type. These results may be linked to the understory

shrubs available for spiders to build their webs in association with conifer- or hardwood-

dominated sites. Differences in plant structure were probably key characteristics important for

web building spiders. Higher densities of Araneidae and Uloboridae spiders were associated

with vine maple (Acer circinatum) rather than salmonberry (Rubus spectabilis); Vine maple

tends to be more open than salmonberry and hence may provide better structural support for

orb web-spinning spiders. In contrast to my results Halaj et.al.(1 998) found the densities of

Linyphiids were correlated with habitat complexity and orb web weavers were not. These

differences could be because I studied understory communities and Halaj et.al (1998) studied

arboreal communities. Both vine maple and salmonberry are found in moist areas, though

salmonberry might be also associated with areas more prone to disturbance. Although neither

species is obligatorily found associated with conifer- or hardwood-dominated sites, our study

sites had slightly more vine maple associated with conifer-dominated sites (Figures 3.4 and

3.5). Increased Araneids and Uloborids in conifer sites may be due to the presence of more

favorable structure available related to vine maple. Overall spider densities were also

influenced by associated shrub type, likely because Araneidae and Uloboridae were

associated with conifers rather than Linyphiidae which demonstrated no association with

conifers or understory.

Densities of spiders were higher in summer season because a number of newly

hatched spiders were present in the population. No work was done in the winter, though

during winter, resident birds can be very dependant on spiders for food (Hogstad 1984). It

may be that young spiders may grow and survive better during the warm, dry days of summer.

Air temperature may be associated with spider abundances; warmer temperatures may

produce more viable spider populations. My study did not compare ambient temperatures



Table 3.3. Two way anova table for Diptera, aquatic and terrestrial prey caught in sticky traps
comparing distributions in hardwood- and conifer-dominated sites during spring and summer.
Values were significant (*) at p-value <0.05. Mean abundances are measured per day per
0.37m2.

Taxonomic groups Factors Variables Mean
abundances (se)

Diptera Canopy Conifer 8.6 (0.9) *

Hardwood 14.9 (0.9)
Seasons Spring 12.9 (0.6) ns

Summer 11.5 (0.7)
Aquatic prey Canopy Conifer 0.07 (0.04) *

Hardwood 0.21 (0.01)
Seasons Spring 0.1 (0.06) *

Summer 0.02 (0.002)
Terrestrial prey Canopy Conifer 0.47 (0.08) *

Hardwood 0.67 (0.15)
Seasons Spring 0.21 (0.05) *

Summer 0.13 (0.03)
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between hardwood- and conifer-dominated sites but air temperature may be associated with

canopy type.

On a large scale, prey availability patterns were not associated spatially or temporally

with spider trends. Whereas spiders tended to be more numerous in conifer-dominated sites,

aerial prey consisting of aquatic, terrestrial and Diptera were more abundant in hardwood-

dominated sites. Similarly aquatic and terrestrial prey were more abundant during spring over

summer in contrast to spiders that were more abundant in summer. Only Diptera were equally

abundant during spring and summer. Diptera abundances were about 10 times more

numerous than aquatic and terrestrial abundances in riparian areas, suggesting their

overwhelming availability as prey for spiders. Higher spider abundances in conifer-dominated

sites may result from higher abundances of suitable structural habitat in spite of higher

abundances of prey in hardwood-dominated sites. Though spiders have been shown to

respond to prey availability in experiments and other field studies (Wise 1993) but prey for

generalist predators such as web building spiders in riparian areas may not be a limited when

comparing conifer- and hardwood-dominated sites in the Oregon Coast Range. Although

aquatic and terrestrial prey abundances are lower in summer, Diptera abundances may be

sufficient as prey for young spiders and the larger spider population.

There can be dramatically higher densities of aquatic insect prey and predatory

spiders in stream channels compared to riparian areas adjacent to stream channels (Sanzone

2003). Our sticky trap data indicated that Diptera were distributed quite evenly in the riparian

area. However there may have been small changes in Diptera populations because of their

emergence from stagnant water commonly found in riparian areas, increasing araneid

densities around these areas. In our study we found a dramatic decrease in the number

aquatic insects within the first 7 meters of the stream channel. However the presence of many

more Diptera (sometimes 200-250) constituted abundant prey availability for a generalist

predator in the riparian area outside the stream channel. Aerial terrestrial insects were not

abundant in ripariari areas as sticky traps used in this study caught only a few terrestrials;

these mostly consisted of Hemiptera, Coleoptera and Hymenoptera. Aerial terrestrial insect

abundances were low at stream edge but increased at 7 meters. There was an interesting

switch between terrestrial and aquatic prey between 0 and 7 meters from stream edge: as

aquatic prey decreased terrestrial prey increased. Prey availability was not correlated with

overall spider densities. Ninety five percent of prey remains collected from spider webs

consisted of Diptera with the rest being terrestrial insects such as Hymenoptera and

Homoptera. Very few Ephemeroptera, Plecoptera and Trichoptera were found in webs.

Spiders may devour the soft bodied aquatic prey with ease and leave the more chitinized
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terrestrial insects uneaten. A preference between the two was not apparent in this study, but

there may be potential for future exploration of prey preference by spiders.

Though I did not separate spiders collected exactly at stream edge, spider densities

may be predicted to be higher at stream edge (figure 3.3). These higher densities could occur

due to higher abundances of aquatic insects concentrated at zero meters (figure 3.7) or

because of microclimatic features. There were higher concentrations of spiders at stream

edge during summer compared to spring (figure 3.3) which might have resulted from more

suitable microhabitat conditions near the stream. Microclimatic studies in the Oregon coast

range has been extensively examined by Sam Chan (2004) for headwater streams. His work

has shown that humidity drops dramatically within the first 3-4 meters of the stream channel.

In my study higher spider densities within the first 7 meters of stream edge in summer, might

have resulted from more suitable microclimatic conditions. Moist conditions close to the

stream may have been more suitable for newly hatched spiders in summer.

Spider density estimates in riparian areas are important for food web studies that seek

to identify key consumers in managed systems to understand the complexity of the riparian

web. Spiders are important intermediate predators and may influence arthropod populations

in riparian areas as well as top predators such as birds, amphibians and fish. Their influence

on vertebrate populations in riparian areas needs further examination to estimate their true

contribution to riparian food webs in Oregon's coastal headwater streams. In our study sites,

riparian orb web-spinning spiders had a preference for available vine maple rather than

salmonberry. These results suggest the importance of vegetation as potential structure for

multiple layers of riparian food webs. The interconnectedness of these webs requires broad

ecological approaches to managing these systems.
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Emergence was higher in hardwood-dominated sites compared to conifer-dominated

sites. Certain orders of adult aquatic insects emerged at higher rates than others. Plecoptera

and Diptera were emerging more abundantly from hardwood-dominated sites.

Ephemeroptera and Plecoptera biomass was higher in hardwood dominated streams.

Seasonal abundances and biomass estimates indicated that Ephemeroptera, Plecoptera and

Diptera were more abundant in spring compared to summer. These results suggest streams

in hardwood dominated sites were more productive compared to conifer dominated sites,

particularly during spring. These higher estimates are assumed to be the result of differences

in canopy type where seasonal input of large quantities of hardwood leaves to headwater

streams might enhance the quality of available food. However primary production might also

be higher in hardwood-dominated sites, especially during early spring when hardwoods are

still in the defoliate phase and improved light and temperature conditions exist. Implications

for management of riparian areas from these results would prescribe against large scale

hardwood tree removals, especially within the stream influence area. Riparian restoration

projects that include large scale conifer plantings sometimes are accompanied by large scale

hardwood tree removals. This may have negative effects on insect production due to

decreased food supply, and subsequently on other trophic groups dependant on stream

invertebrates.

While emergence traps gathered information on stream emergence, sticky traps hung

in riparian areas collected information about arthropod presence in riparian areas. As adults,

aquatic insects can be preyed on by stream predators while laying eggs or by other riparian

predators during dispersal. During emergence, aquatic insects sometimes can be seen in

stream banks clinging to vegetation until warmer temperatures allow for flight. This can be a

time of increased vulnerability for these insects, improving prey capture by predators such as

riparian beetles and ground spiders. After full flight is gained, adult aquatic insects are prey to

channel dwelling web building spiders. Their importance for riparian web building spiders

dwelling on riparian shrubs however can be overshadowed by the presence of numerous

Diptera in riparian areas. The results from this study suggest that influences of adult aquatic

insects on riparian shrub dwelling orb web building spider densities are limited, and that

densities of these spiders can be affected more by the presence of vine maple. Based on our

study of emerging aquatic insects, hardwoods are beneficial to stream invertebrates, but

riparian shrubs consisting of vine maple (Acer circinatum), might be more beneficial to riparian

web building spiders.
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Future research

The importance of hardwood-dominated riparian areas across the landscape needs

further exploration to be able to assess large scale effects. With stream temperature and

related shade requirements for headwater streams in Oregon gaining importance, landscape

level analysis is required to gauge the effects in an encompassing manner. Large wood,

stream nutrients, cool streams, healthy stream salmonid populations and riparian forests are

important for well balanced and functioning freshwater ecosystems. Further explorations

including riparian food web predators would enhance information about these systems.

Differences in distribution of aquatically derived prey negatively associated with their distance

from stream edge, emphasize the importance of microclimatic conditions in stream-terrestrial

interactions. Retention of these stream-side conditions, as they are associated with overstory

canopies, needs to be examined at a large scale in order to retain associated food web

functions.
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Appendix I - Spring and summer emergence numbers for each taxa by site.

App 1.1. Spring: Connection Creek

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Baetidae; Acerpenna I
Ephemeroptera; Baetidae; Baetis 11 7 28 8 5

Ephemeroptera; Baetidae 3 3 1

Ephemeroptera; Ephemerellidae I
Ephemeroptera; Heptageniidae; Cinygmula 1 3 2 1

Ephemroptera; Leptophlebiidae; Paraleptophlebia 8 6 4 3 2

Ephemeroptera; Heptageniidae 9 3 6 2

Ephemeroptera; Heptageniidae; Nixe 1

Ephemeroptera 1 15 9 21 11

Plecoptera; Chloroperlidae; Alloperla 5 7 2 1 1

Plecoptera; Perlidae; Calineuria 2 1

Plecoptera; Perlidae; Doroneuria 1

Plecoptera; Perlodidae; Isoperla I
Plecoptera; Nemouridae; Malenka 12 6 3 3 4

Plecoptera; Nemouridae; Zapada - -
Plecoptera; Chloroperlidae; Sweltsa 3 I
Plecoptera I
Trichoptera; Brachycentridae 1 1

Trichoptera; Glossosomatidae 5 3 9 7 4

Trichoptera; Helicopsychidae 3 3

Trichoptera; Hydropsychidae 2 1

Trichoptera; Hydroptilidae I I
Trichoptera; Lepidostomatidae
Trichoptera; Limnephilidae
Trichoptera; Philopotamidae I
Trichoptera; Phryganeidae I 4 4 2

Trichoptera; Rhyacophilidae 3 3 4 2

Trichoptera
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App 1.2. Spring: Dogwood Creek

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Baetidae; Acerpenna
Ephemeroptera; Baetidae; Baetis
Ephemeroptera; Baetidae; Diphetor 3

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 19 9 31 13

Ephemeroptera; Heptageniidae I
Ephemeroptera 4 1 1

Plecoptera; Chloroperlidae; Alloperla 3 1

Plecoptera; Leuctridae; Moselia 1 1

Plecoptera; Nemouridae; Malenka -
Plecoptera; Nemouridae; Ostrocerca
Plecoptera; Nemouridae; Soyedina 1 1

Plecoptera; Nemouridae; Zapada 1

Plecoptera; Nemouridae 1

Plecoptera -
Trichoptera; Glossosomatidae 1 I 2

Trichoptera; Hydropsychidae I
Trichoptera; Hyroptilidae 1

Trichoptera; Lepidostomatidae 1

Trichoptera; Phryganeidae
Trichoptera; Rhyacophilidae

-
I

Trichoptera



App 1.3. Spring: Starker Creek

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Baetidae; Baetis - 4 L
Ephemeroptera; Baetidae; Diphetor 2

Ephemeroptera; Baetidae
Ephemeroptera; Ephemerellidae; Attenella I
Ephemeroptera; Ephemerellidae; Drunella I
Ephemeroptera; Ephemerellidae; Ephemerella I
Ephemeroptera; Heptageniidae; Cinygma I
Ephemeroptera; Heptageniidae; Cinygmula 4 2

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 2 2 10

Ephemeroptera; Heptageniidae 2

Ephemeroptera 14 3 31

Plecoptera; Chloroperlidae; Alloperla I
Plecoptera; Chloroperlidae; Triznaka I
Plecoptera; Nemouridae; Soyedina 1

Plecoptera; Nemouridae -
Plecoptera; Perlidae; Calineuria - - _4_
Plecoptera; Perlidae; Classenia I
Plecoptera; Perlodidae; Rikera
Plecoptera; Perlodidae
Plecoptera; Chloroperlidae; Sweitsa - -
Plecoptera - -
Trichoptera; Glossosomatidae
Trichoptera; Hydropsychidae i. __I_

Trichoptera; Lepidostomatidae j
Trichoptera; Limnephilidae 1

Trichoptera; Phryganeidae
Trichoptera; Rhyacophilidae

-
2

Trichoptera -
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App 1.4. Spring: Watershed Conifer

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Baetidae; Baetis 9

Ephemeroptera; Baetidae 1 2 2

Ephemeroptera; Ephemeretlidae; Serratella 2

Ephemeroptera; Ephemereflidae 1 2

Ephemeroptera; Heptageniidae; Cinygmula 1 2

Ephemeroptera; Heptageniidae - j_ _i -
Ephemeroptera; Leptophlebiidae; Paraleptophlebia 4 1 1 1 1

Ephemeroptera 2 17 8 8 18

Plecoptera; Chloroperlidae; Alloperla 2 1 1

Plecoptera; Chloroperlidae; Sweltsa 2

Plecoptera; Leuctridae; Paraleuctra 1 1

Plecoptera; Nemouridae; Malenka 2 7

Plecoptera; Nemouridae; Podmosta 1 1 2 1

Plecoptera; Nemouridae; Soyedina 1 1

Plecoptera; Nemouridae; Zapada 1 2

Plecoptera; Nemouridae 1 1 I
Plecoptera; Peltoperla; Yoraperla 1

Plecoptera; Perlidae; Calineuria I
Plecoptera; Perlidae; Doroneuria 1

Trichoptera; Brachycentridae 1

Trichoptera; Glossosomatidae
Trichoptera; Helicopsychidae 2 2

Trichoptera; Hydropsychidae 1 1 5

Trichoptera; Limnephilidae
Trichoptera; Phryganeidae
Trichoptera; Rhyacophilidae 1 3 3 I
Trichoptera 1 2
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App 1.5. Spring: Whittaker Conifer

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Ameletidae; Ameletus 1 2
Ephemeroptera; Baetidae; Acerpenna
Ephemeroptera; Baetidae; Baetis 2 1

Ephemeroptera; Baetidae; Diphetor I 2

Ephemeroptera; Baetidae 2

Ephemeroptera; Heptageniidae; Ironodes I
Ephemeroptera; Heptageniidae 4 3 2

Ephemeroptera; Heptagenidae; Nixe
Ephemeroptera; Leptophlebiidae; Paraleptophlebia 3 3 7 1 5

Ephemeroptera 1 5 2 3 2

Plecoptera; Chloroperlidae; Afloperla 9 20 8 2

Plecoptera; Chloroperlidae; Sweltsa
Plecoptera; Nemouridae; Malenka 2 2 2
Plecoptera; Nemouridae; Soyedina 2 2

Plecoptera; Nemouridae; Zapada 1 3

Plecoptera; Nemouridae 1

Plecoptera; Perlidae; Calineuria 1 2
Plecoptera; Perlodidae 1

Plecoptera; Pteronarcidae; Pteronarcella 1

Trichoptera; Glossosomatidae 1 3 1 1 3

Trichoptera; Helicopsychidae 1 1

Trichoptera; Hydropsychidae 1

Trichoptera; Hyroptilidae 2

Trichoptera; Lepidostomatidae I 1 1

Trichoptera; Philopotamidae 2 1

Trichoptera; Phryganeidae 1 3

Trichoptera; Rhyacophilidae 2 5 2 2 3

Trichoptera 1 7
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App 1.6. Spring: Coleman

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Ameletidae; Ameletus 1

Ephemeroptera; Baetidae; Acerpenna 1 1

Ephemeroptera; Baetidae; Baetis 3 7 8 4
Ephemeroptera; Baetidae; Diphetor
Ephemeroptera; Baetidae 12 3 1

Ephemeroptera; Ephemerellidae; Attenella 1

Ephemeroptera; Ephemerellidae; Drunella I
Ephemeroptera; Ephemerellidae; Eurylophella
Ephemeroptera; Ephemerellidae; Serratella
Ephemeroptera; Ephemerellidae i
Ephemeroptera; Heptageniidae; Cinygma 1

Ephemeroptera; Heptageniidae; Cinygmuta 2 2

Ephemeroptera; Heptagenhidae; Ironodes 1 1

Ephemeroptera; Heptageniidae 5 3 1

Ephemeroptera; Heptageniidae; Nixe 1 1

Ephemeroptera; Heptageniidae; Stenonema I
Ephemeroptera; Leptophlebiidae; Paraleptophlebia 16 5 23 10 9

Ephemeroptera 11 10 27 13 13

Plecoptera; Capniidae; Mesocapnia 1

Plecoptera; Chloroperlidae; Alloperla 1 1 3 7

Plecoptera; Chloroperlidae; Sweltsa 1 3 1 3

Plecoptera; Chloroperlidae; Triznaka
Plecoptera; Leuctridae; Moselia 1 1 1 2

Plecoptera; Leuctridae; Paraleuctra 1 3
Plecoptera; Nemouridae; Malenka 3 3 6 4 5

Plecoptera; Nemouridae; Prostoia I
Plecoptera; Nemouridae; Soyedina 2

Plecoptera; Nemouridae; Zapada 5 2 1

Plecoptera; Nemouridae 1 1

Plecoptera; Perlidae; Calineuria 2 1 I 3 2

Plecoptera; Perlodidae; lsoperla 2 1

Plecoptera 1 1 2
Trichoptera; Brachycentridae 10 8 3

Trichoptera; Calamoceratidae 1

Trichoptera; Glossosomatidae 14 6 5 3 1

Trichoptera; Helicopsychidae 1 2

Trichoptera; Hydropsychidae 2 1

Trichoptera; Hyroptilidae 2 1 2

Trichoptera; Lepidostomatidae 4 1 4

Trichoptera; Limnephilidae 1

Trichoptera; Philopotamidae 1 1

Trichoptera; Phryganeidae 2 1 I

Trichoptera; Rhyacophilidae 2 9 8 6

Trichoptera; Uenoidae 10

Trichoptera 1 7
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App 1.7. Spring: Haight Creek.

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Ameletidae; Ameletus 9 5 1

Ephemeroptera; Baetidae; Baetis 6 2
Ephemeroptera; Baetidae; Diphetor 5 2
Ephemeroptera; Baetidae 9 2 1

Ephemeroptera; Ephemerellidae; Timpanoga I
Ephemeroptera; Ephemerellidae I 2 1

Ephemeroptera; Heptageniidae; Cinygma 2 1 1

Ephemeroptera; Heptagenhidae; Epeorus 1 2

Ephemeroptera; Heptageniidae; Ironodes 1

Ephemeroptera; Heptageniidae; Rithrogena 1

Ephemeroptera; Heptageniidae 10 5 7 4

Ephemeroptera; Heptageniidae; Stenonema 2 1 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 23 35 43 38 21

Ephemeroptera 16 9 11 17 51

Plecoptera; Chloroperlidae; Alloperla 13 6 19 70 5

Plecoptera; Chloroperlidae; Suwalia -
Plecoptera; Leuctridae; Paraleuctra 1 2

Plecoptera; Nemouridae; Amphinemura
Plecoptera; Nemouridae; Malenka 6 3 13 23 4

Plecoptera; Nemouridae; Soyedina 1 2

Plecoptera; Nemouridae 2

Plecoptera; Perlodidae; Cascadoperla 1 4

Plecoptera; Perlodidae; Isoperla 1 1 3

Plecoptera I
Trichoptera; Helicopsychidae
Trichoptera; Hyroptilidae 2 1

Trichoptera; Lepidostomatidae I 1

Trichoptera; Philopotamidae 1 2 1

Trichoptera; Rhyacophiiidae 2 2 2 3

Trichoptera 1
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App 1.8. Spring: Honey Grove

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Baetidae; Baetis 3 2
Ephemeroptera; Baetidae; Diphetor 1 2 1

Ephemeroptera; Baetidae 1

Ephemeroptera; Ephemerellidae; Ephemerella I
Ephemeroptera; '-leptageniidae; Cinygmula
Ephemeroptera; Heptageniidae

_1

_1 2 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 13 10 2 3 8

Ephemeroptera 13 20 21 10 13

Plecoptera; Chloroperlidae; Alloperla 2 2 7 4 10

Plecoptera; Chloroperlidae; Sweltsa 2 3

Plecoptera; Leuctridae; Paraleuctra 1 1 2
Plecoptera; Nemouridae; Malenka 5 4 1 1

Plecoptera; Nemouridae; Soyedina 1

Plecoptera; Nemouridae; Zapada 1

Plecoptera; Nemouridae _i____ -
Plecoptera; Perlidae; Calineuria

-
Plecoptera; Perlidae; Chernokrilus 1 1 2

Plecoptera; Perlidae; Classenia 1

Plecoptera; Perlidae; Doroneuria 1

Plecoptera; Perlidae; Hesperoperla 1

Plecoptera; Perlodidae; Rikera I
Plecoptera; Perlodidae
Plecoptera 1 3

Trichoptera; Brachycentridae -
Trichoptera; Calamoceratidae I

-
Trichoptera; Glossosomatidae _ _.
Trichoptera; Helicopsychidae 3 12 2 I
Trichoptera; Hydropsychidae 1 1 3 I 6

Trichoptera; Hyroptilidae I 2

Trichoptera; Lepidostomatidae
Trichoptera; Phryganeidae
Trichoptera; Rhyacophilidae 2 3 4 I
Trichoptera 4 Q



App 19. Spring: West Rock

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Baetidae; Acerpenna 2 5 2
Ephemeroptera; Baetidae; Baetis 15 31 23 13 4

Ephemeroptera; Baetidae; Diphetor 4 2

Ephemeroptera; Baetidae 2 2 1

Ephemeroptera; Ephemerellidae; Ephemerella 1

Ephemeroptera; Ephemerellidae; Timpanoga 3

Ephemeroptera; Ephemerellidae 1 I
Ephemeroptera; Ephemeridae 2 2 2

Ephemeroptera; Heptageniidae; Cinygma 1

Ephemeroptera; Heptageniidae; Cinygmula 1 1

Ephemeroptera; Heptageniidae; Epeorus 3 1

Ephemeroptera; Heptagenhidae; Ironodes 2 1

Ept-iemeroptera; Heptageniidae; Leucrocuta I
Ephemeroptera; Heptageniidae 3 I 5 5

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 6 15 12 8 20
Ephemeroptera; Siphlonuridae; Siphlonurus 1 1

Ephemeroptera 3 30 50 62 73

Plecoptera; Capnhidae; Mesocapnia 2

Plecoptera; Chloroperlidae; Alloperla 32 11 8 11 7

Plecoptera; Chloroperlidae; Paraperla I
Plecoptera; Chloroperlidae; Suwalia 9

Plecoptera; Chloroperlidae; Sweltsa 1

Plecoptera; Leuctridae; Paraleuctra 1

Plecoptera; Nemouridae; Amphinemura
Plecoptera; Nemouridae; Malenka 3 6 I
Plecoptera; Nemouridae; Soyediria 1

Plecoptera; Nemouridae; Zapada 3 6 2 1

Plecoptera; Peltoperlidae; Yoraperla 2 3

Plecoptera; Peltoperlidae; Soliperla
Plecoptera; Perlidae; Acroneuria j_ L
Plecoptera; Perlidae; Calineuria 2 1 3 4

Plecoptera; Perlidae; Calliperla
Plecoptera; Perlodidae; Isoperla

-
Plecoptera; Perlodidae; Megarcys
Plecoptera; Perlodidae; Perlinodes 2

Plecoptera; Perlodidae; Rikera 4_ -
Plecoptera; Perlodidae

- -
Plecoptera; Pteronarcidae; Pteronarcella 1 5

Plecoptera; Taeniopterygidae; Oemopteryx 1

Plecoptera 1 5 2

Trichoptera; Brachycentridae - L . L JL.
Trichoptera; Calamoceratidae - -
Trichoptera; Glossosomatidae 4 2 5 2 4

Trichoptera; Helicopsychidae - i_ L L
Trichoptera; Hydropsychidae I 5 5 1

Trichoptera; Hydroptilidae 10 5 I 1

Trichoptera; Lepidostomatidae - - -
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Trichoptera; Limnephilidae 1

Trichoptera; Philopotmidae I
Trichoptera; Phryganeidae 3 4 9 7
Trichoptera; Polycentropodidae 4
Trichoptera; Psychomiidae 2

Trichoptera; Rhyacophilidae 3

Trichoptera 2 13

App 1.10. Spring: Whittaker Alder

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Ameletidae; Ameletus 1 1 1

Ephemeroptera; Baetidae; Baetis 1

Ephemeroptera; Baetidae 2 3 1

Ephemeroptera; Ephemerellidae; Serratella -
Ephemeroptera; Ephemerellidae - -
Ephemeroptera; Heptageniidae; Cinygmula 2
Ephemeroptera; Heptageniidae; Rithrogena
Ephemeroptera; Heptageniidae 4 4 1

Ephemeroptera; Heptageniidae; Stenonema j_ 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 8
-
7 7 5 56

Ephemeroptera 2 5 15 20

Plecoptera; Chloroperlidae; Alloperla 40 35 34 25 4

Plecoptera; Chloroperlidae; Sweltsa 1 I 6 4

Plecoptera; Leuctridae; Paraleuctra 2 I
Plecoptera; Nemouridae; Malenka 4 3 6 3 4
Plecoptera; Nemouridae; Ostrocerca 1 I
Plecoptera; Nemouridae; Soyedina
Plecoptera; Nemouridae; Zapada 2 1 3 2

Plecoptera; Nemouridae I 2

Plecoptera; Perlidae; Calineuria 2

Plecoptera; Perlidae; Doroneuria
Plecoptera; Perlodidae; Cascadoperla - -
Plecoptera; Perlodidae; Isoperla 2

Plecoptera 1 6

Trichoptera; Brachycentridae 2 1 1 1

Trichoptera; Calamoceratidae 1

Trichoptera; Glossosomatidae 10 7 1 9

Trichoptera; Helicopsychidae 4

Trichoptera; Hydroptilidae 2 I
Trichoptera; Lepidostomatidae 2 2 1 1 2

Trichoptera; Limnephilidae 2 2 2 4 2

Trichoptera; Philopotamidae 4
Trichoptera; Phryganeidae
Trichoptera; Rhyacophilidae

.

Trichoptera i. -



App 1.11. Summer: Connection Creek

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Ameletidae; Ameletus 1 3

Ephemeroptera; Baetidae; Acerpenna
Ephemeroptera; Baetidae; Baetis 1 2 1

Ephemeroptera; Baetidae; Diphetor 3
Ephemeroptera; Ephemerellidae I
Ephemeroptera; Heptageniidae; Epeorus I I
Plecoptera; Leuctridae; Paraleuctra 2

Plecoptera; Nemouridae; Amphinemura 1 8

Trichoptera; Glossosomatidae 4 6 5 2

Trichoptera; Lepidostomatidae 1

Trichoptera; Limnephilidae 4 I 1

Trichoptera; Philopotamidae 11 8 8 5

Trichoptera; Rhyacophilidae 2

App 1.12. Summer: Dogwood Creek

Week
Taxa (Order; Family; Genus)

123456
Ephemeroptera; Ameletidae; Ameletus I
Ephemeroptera; Baetidae; Baetis 2 4 I
Ephemeroptera; Heptageniidae; Epeorus 6 1 1

Plecoptera; Leuctridae; Paraleuctra 1

Plecoptera; Nemouridae; Amphinemura 3

Trichoptera; Glossosomatidae 2 6 9 6 3 4
Trichoptera; Lepidostomatidae 1

Trichoptera; Limnephilidae 1

Trichoptera; Philopotamidae 5 1 I
Trichoptera; Phryganeidae 1

Trichoptera; Rhyacophilidae 1



App 1.13. Summer: Starker Creek

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Ameletidae; Ameletus 1 1

Ephemeroptera; Baetidae; Acerpenna
Ephemeroptera; Baetidae; Baetis 1

Ephemeroptera; EphemereUidae; Ephemerella I
Ephemeroptera; Heptageniidae; Epeorus I
Ephemeroptera; Leptophlebiidae; Paraleptophlebia 2 2 2

Plecoptera; Nemouridae; Amphinemura 2 1 1

Trichoptera; Glossosomatidae 9 19 7 5

richoptera; Hydroptilidae 2 j_
Trichoptera; Lepidostomatidae 2 2 2 5 5

Trichoptera; Philopotamidae 1

Trichoptera; Rhyacophilidae 3

App 1.14. Summer: Watershed Conifer

Week
Taxa (Order; Family; Genus)

123456
Ephemeroptera; Ameietidae; Ameletus 1

Ephemeroptera; Baetidae; Baetis 1 2 1 1

Ephemeroptera; Baetidae; Diphetor 1

Ephemeroptera; Baetidae 1

Ephemeroptera; Ephemerellidae 2

Ephemeroptera; Heptageniidae; Epeorus 4 2 4 1

Ephemeroptera; Heptageniidae 1

Plecoptera; Leuctridae; Paraleuctra
Plecoptera; Nemouridae; Amphinemura 1 1 2
Trichoptera; Glossosomatidae 4 1 3 1 1

Trichoptera; Limnephilidae 1 1

Trichoptera; Philopotamidae 1

Trichoptera; Rhyacophilidae 1
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App 1.15. Summer: Whittaker Conifer

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Baetidae; Baetis 4 3 1

Ephemeroptera; Heptageniidae; Epeorus I 1 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 9 7 1 2 1

Plecoptera; Leuctridae; Paraleuctra 1 3

Plecoptera; Nemouridae; Amphinemura 1

Plecoptera; Nemouridae; Malenka 1 3

Trichoptera; Glossosomatidae
Trichoptera; Hydroptilidae
Trichoptera; Lepidostomatidae j. j_ -
Trichoptera; Limnephilidae 1 3 1

Trichoptera; Philopotamidae

App 1.16. Summer: Coleman Creek

Week
Taxa (Order; Family; Genus)

12345
Ephemeroptera; Ameletidae; Ameletus 4 2

Ephemeroptera; Baetidae; Baetis 2 1

Ephemeroptera; Baetidae; Diphetor I
Ephemeroptera; Baetidae 1 2

Ephemeroptera; Heptageniidae; Epeorus I 1 I
Ephemeroptera; Heptageniidae 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 2 1 1

Ephemeroptera 1

Plecoptera; Leuctridae; Paraleuctra - -
Plecoptera; Nemouridae; Amphinemura

-
Plecoptera; Nemouridae; Malenka -
Plecoptera; Nemouridae; Soyedina - -
Plecoptera; Perlodidae; Isoperla 1 1

Trichoptera; Glossosomatidae 6 4 6 8 6

Trichoptera; Hydroptilidae -
Trichoptera; Lepidostomatidae
Trichoptera; Limnephilidae 5 2 4

Trichoptera; Philopotamidae I 2

Trichoptera; Rhyacophilidae 5 7 3 5 1
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App 1.17. Summer: Haight Creek

Week
Taxa (Order; Family; Genus)

Ti
Ephemeroptera; Ameletidae; Ameletus 1

Ephemeroptera; Heptagenhidae; Epeorus 1 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 1 1

Plecoptera; Nemouridae; Amphinemura 1 2
richoptera; Glossosomatidae 3 4 -

Trichoptera; Hydroptilidae 1 1

Trichoptera; Limnephilidae 1 4

Trichoptera; Philopotamidae j
Trichoptera; Rhyacophilidae 2 1

App 1.18. Summer: Honey Grove Creek

Week
Taxa (Order; Family; Genus)

123456
Ephemeroptera; Ameletidae; Ameletus 1 1

Ephemeroptera; Baetidae 1 1

Ephemeroptera; Ephemerellidae 1

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 1 4 1

Plecoptera; Leuctridae; Paraleuctra -
Plecoptera; Nemouridae; Amphinemura 4 1 1

Plecoptera; Nemouridae; Malenka 1

Plecoptera; Nemouridae 1 I
Trichoptera; Glossosomatidae 7 13 9 28 6 16

Trichoptera; Hydroptilidae -
Trichoptera; Lepidostomatidae
Trichoptera; Limnephilidae 1 1

Trichoptera; Philopotamidae I
Trichoptera; Rhyacophilidae -- _4__

Trichoptera
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App 1.19. Summer: West Rock

Week
Taxa (Order; Family; Genus)

123456
Ephemeroptera; Baetidae; Baetis 2
Ephemeroptera; Baetidae; Diphetor 2

Ephemeroptera; Heptageniidae; Epeorus 1

Ephemeroptera; Heptagenhidae 2

Ephemeroptera; Leptophebiidae; Paraleptophebia 1 1

Ephemeroptera; Siphonuridae; Siphionurus 2

Ephemeroptera 2 1

Piecoptera; ChloroperJidae; Sweltsa 1

Plecoptera; Leuctridae; Despaxia 5 9

Plecoptera; Nemouridae; Ma}enka 5

Plecoptera; Nemouridae -
Plecoptera; Perodidae; Isoperla

-
1

Trichoptera; Gossosomatidae 4 _4__ .

Trichoptera; Hydroptiiidae
Trichoptera; Phryganeidae I
Trichoptera; RhyacophiUdae -
Trichoptera

App 1.20. Summer: Whittaker Alder

Week
Taxa (Order; Family; Genus)

1 2 3 4 5

Ephemeroptera; Baetidae; Baetis 8 18 1 2 1

Ephemeroptera; Heptageniidae; Epeorus 5

Ephemeroptera; Leptophlebiidae; Paraleptophlebia 32 10 1 1

Plecoptera; Leuctridae; Paraleuctra 1 6 3

Plecoptera; Nemouridae; Amphinemura 1 1 36 41

Plecoptera; Nemouridae; Malenka
Trichoptera; Glossosomatidae - jj_ j
Trichoptera; Hydroptilidae 1 1

Trichoptera; Lepidostomatidae iL .

Trichoptera; Limnephilidae _ I L
Trichoptera; Philopotamidae 4 __i___

Trichoptera; Rhyacophilidae 1 1 2
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Appendix 2. Average lengths of Ephemeroptera (E), Plecoptera (P), Trichoptera (T) and
Diptera (D) in mm for spring and summer. Insects were captured in emergence traps.

Spring Summer

Site E P T D E P T D

(canopy type)
Connection 6.13 7.97 6.11 4.53 4.62 4.42 6.08 3.84
Creek
(conifer)
Dogwood 6.23 5.71 5.69 5.31 5.05 4.9 5.7 2.82
Creek
(conifer)
Starker 6.68 14.31 8.44 5.07 6.11 6.55 5.7 3.17
Creek
(conifer)
Watershed 6.05 7.06 6.86 4.7 5.9 5.34 5.54 2.33
Conifer
(conifer)
Whittaker 6.04 7.39 6.38 5.43 5.06 5.7 7.07 3.33
Conifer
(conifer)
Coleman 6.94 9.8 7.36 4.13 6.77 5.59 7.36 2.94
Creek
(hardwood)
Haight 6.45 6.65 6.01 5.89 6.38 5.27 8.7 2.84
Creek
(hardwood)
Honey Grove 5.82 10.54 5.83 4.67 5.6 6.75 5.98 3.03
Creek
(hardwood)
West Rock 5.77 9.91 5.88 3.91 5.35 6.07 6.07 4.04
Creek
(hardwood)
Whittaker Alder 6.33 7.31 6.62 5.71 5.33 4.62 6.53 3.11

Creek
(hardwood)




