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Initially, components of an aquatic food web were examined to study 

impacts of recreational use on the aquatic ecology of Quartzville Creek, Oregon 

in 1995 and 1996. Measurements of the food web components consisted of 

observations of harlequin ducks (Histrionicus histrionicus), visual counts of the 

larval caddisfly Dicosmoecus gilvipes, benthic macroinvertebrate samples, and 

chlorophyll a biomass of epiphytic algae. In February 1996, a major flood forced 

closure of the study area to the general public throughout the 1996 season, 

providing a "natural experiment" situation. The difficulty was how to distinguish 

between effects of flood damage and effects of the presence/absence of 

humans. By accounting for various measured abiotic and biotic factors using 

multiple regression, distinctions between disturbance effects were made with 

regard to abundances of D. gilvipes and benthic invertebrates. Regression 

analysis also was used to account for annual site differences in average depth, 

habitat types and substrates. Generally, recreational impacts were apparent at 

more localized spatial and temporal scales than were effects from extensive 

flooding. However, scales at which these disturbances affected components of 
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the food web varied. Impacts of the flood included an 81% reduction in overall 

D. gilvipes densities, a 37% decrease in benthic abundance, reduced chlorophyll 

a biomass, fewer numbers of ducks and changes in site substrates and habitats. 

These impacts occurred across all study sites and throughout the 1996 season, 

except for the recovery of benthic abundance to 1995 levels by July 1996. 

Recreational impacts were apparent at the site scale and appeared to be 

seasonal in duration. In 1995, sites without human use had significantly higher 

densities of D. gilvipes than those sites impacted by recreation. In 1996, no 

significant differences in D. gilvipes densities among sites were observed after 

accounting for flood effects and site differences. There were no direct significant 

relationships to human use among sites with regard to total benthic 

invertebrates, chlorophyll a biomass or H. histrionicus. Despite the lack of a 

direct spatial relationship between H. histrionicus and D. gilvipes at the local 

scale of this study, there were strong temporal correlations between harlequin 

brood development and D. gilvipes maturation. 
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A MULTI-TROPHIC LEVEL EXAMINATION OF RECREATIONAL IMPACTS ON
 
A NATIONAL WILD AND SCENIC RIVER 

I. GENERAL INTRODUCTION 

The future of the environment is directly linked to how we, as humans, 

manipulate available natural resources. As we utilize those resources for 

sustenance, habitat, education and pleasure, we are forced to consider our 

impacts on the environment. For us to accomplish a balance between 

conservation and consumption, we must understand the functional components 

that make up our environment, and in turn be able to recognize the 

consequences of our impacts upon those components. Only then, will humans 

be in a position to make critical management decisions that can accommodate 

both human activities and survival of the natural resources enhancing those 

activities. As areas around recreational waterways are modified and expanded 

to meet growing popularity, the environmental impacts of camping and 

recreational mining on waterways require evaluation. However, we lack 

understanding about the impacts of these activities on recreational waterway 

corridors. This study examined multiple trophic levels and habitat variables to 

investigate the impacts recreation has on a popular Cascade Mountain stream. 

This study focuses primarily on the distribution and abundance of the 

caddisfly Dicosmoecus gilvipes in Quartzville Creek, Oregon during the summers 

of 1995 and 1996 (Chapter 2). Counts of benthic macroinvertebrates (Chapter 

3), observations of Harlequin ducks (Histrionicus histrionicus) (Chapter 4), and 
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measurements of chlorophyll a biomass and primary production, expanded this 

study into a multi-trophic level examination of a small food web. Harlequin ducks 

are known to feed upon various aquatic insects (Bengtson & Ulfstrand 1971, 

Gardarsson & Einarsson 1994, Gassier 1995), yet they appear to focus primarily 

on D. gilvipes in Quartzville Creek. The caddisflies and other benthic 

invertebrates, in turn, feed upon stream periphyton (Wiggins & Richardson 

1982). How the components within this small food chain respond to human 

recreation was the basis of this study. 

Through sampling design and analysis techniques, an attempt was made 

to account for potentially confounding variables regarding the distribution of 

benthic macroinvertebrates. These techniques also were used to distinguish 

between impacts of recreational use and impacts of a major flood, an event 

which occurred prior to the study's second field season. 

Resh et al. (1988) defined a disturbance as 'any relatively discrete event 

in time that is characterized by a frequency, intensity, and severity outside a 

predictable range, and that disrupts ecosystem, community, or population 

structure and changes resources or the physical environment'. Hendricks et al. 

(1995) suggested that this definition must be tempered by the spatial and 

temporal scales at which the disturbance occurred as outlined by Connell and 

Sousa (1983). This project was designed to increase the understanding of how 

recreational use and severe flooding impacts streams as disturbances. 

Examination of multiple trophic levels enabled us to distinguish differences in 

spatial and temporal scales at which these disturbances occurred. These scale 
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differences not only expand our understanding of how human and natural 

disturbances impact stream food webs, but also provide much needed 

information toward the management of recreational waterways. 
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II. RECREATIONAL IMPACTS ON THE LIMNEPHILID CADDISFLY, 
Dicosmoecus gilvipes, IN QUARTZVILLE CREEK, OREGON. 

Introduction 

Quartzville Creek in Linn County, Oregon was designated a National Wild 

and Scenic River in 1988 by the Omnibus Oregon Wild and Scenic Rivers Act 

and has been in the jurisdiction of the Bureau of Land Management since. 

Located in the western slopes of the Cascade Mountains (Figure 2.1), Quartzville 

Creek is a sixth order stream which provides a variety of recreational activities, 

from recreational gold mining and camping to the simple viewing and 

appreciation of wildlife in the Pacific Northwest. The area's increasing popularity 

has thrust greater demands upon managers to provide facilities that 

accommodate both human activities and the survival of the natural resources 

that enhance those activities. 

At present, 70 percent of camping occurs at undeveloped roadside sites 

within 100 feet of the river (Eccles & Graves 1992). The effects of roadside 

camping on the ecology of a river are unknown, perhaps due to the complexity of 

potential impacts from camping activities. Roadside camping in this system 

allows immediate access to the stream for such activities as fishing, swimming, 

tubing/rafting, bathing and recreational gold mining. Damage to stream 

periphyton by gold mining due to siltation and chemical introductions has been 

documented in other systems (e.g. Van Nieuwenhuyse & LaPerriere 1986, 

Graham 1990, Davies-Colley et al. 1992, Sommer & Hassler 1992, Bjerlklie & 

LaPerriere 1995). Impacts of gold mining dredges on macroinvertebrates 
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Figure 2.1. Map of Quartzville Creek, Oregon. 
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Oregon
 

Figure 2.1 
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also have been examined, and these studies reveal various results depending on 

scale (temporal and spatial), taxa, average stream discharge and methodology 

(Griffith & Andrews 1981, Thomas 1985, Wagner & LaPerierre 1985, Harvey 

1986, Quin et al. 1992, Somer & Hassler 1992). Nevertheless, effects of 

recreational uses, including mining, on a stream's multiple trophic levels are 

undetermined. 

Because recreational mining and roadside camping are currently the most 

popular forms of recreation on Quartzville Creek, this study focused on possible 

impacts from both of these activities. it is important to note that camping and 

mining are frequently associated with each other on Quartzville Creek, thus 

distinguishing between various recreational impacts for the purpose of this study 

was not practical. 

This study was conducted on a 2.5km stretch of Quartzville Creek 

designated by BLM as the Recreational Corridor. This area supported an 

estimated 64,800 and 61,600 visitors in 1994 and 1995 respectively (Laura 

Graves, Bureau of Land Management, Salem, Oregon). This corridor also has 

the highest concentration of recreational camping and mining along the stream 

throughout the summer months. 

Dicosmoecus 

Dicosmoecus gilvipes is a limnephilid caddisfly inhabiting streams 

throughout western North America (Anderson 1976, Hauer & Stanford 1982a, 

Wiggins & Richardson 1982, Wisseman 1987). Unlike other species of the 
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genus Dicosmoecus, D. gilvipes are primarily herbivores (Wiggins and 

Richardson 1982) and occur in streams with open canopies and large 

substrates including bedrock, boulders and cobbles (Lamberti & Resh 1979, Hart 

1981, Li & Gregory 1989, Li 1990). In western Oregon, first instar larvae 

overwinter until March-April when they begin more rapid maturation (Wisseman 

1987). The final instar (fifth) enters prepupation from late June through late July, 

and emerges sometime in August-September. This caddisfly also has been 

found to be quite mobile, moving several meters a day (Hart & Resh 1980, Hart 

1981, Li & Gregory 1989, Li 1990). 

Studies of lotic responses to impoundment disturbances have shown 

caddisfly species to be indicative of ecological change (Hauer & Stanford 1982b 

and 1991). Biomonitoring studies using aquatic insect assemblages have led to 

detection of pollution and other stream characterizations (e.g. Hilsenhoff 1987, 

Reice & Wohlenberg 1993). At present however, there is no example or 

precedent of caddisfly monitoring as an indicator of impacts from recreational 

uses. 

D. gilvipes were chosen for multiple reasons including: (1) their large size 

which allows for ease of visual observations; (2) their feeding occurs atop the 

stream substrate (Mackay & Wiggins 1979, Li 1990) which potentially increases 

susceptibility to human activities; (3) high densities in Quartzville Creek along 

with a high caloric value, implying that they are a potentially important food 

source to harlequin ducks (Histrionicus histrionicus) and Dippers (Cinclus 

mexicanus) (Mitchell 1968, Thut 1970, Harvey & Marti 1993); and (4) variations 
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in life histories and habitat requirements that co-occur within a stream (e.g. 

Mackay & Wiggins 1979, Li & Gregory 1989, Hauer & Stanford 1991). 

Algae 

Stone-cased caddisflies generally are dependent on benthic algae that 

also may be vulnerable to human disturbances. Algal availability is influenced by 

herbivory, light levels, substrate composition and stability (Lamberti & Moore 

1984), and is important in the food chain linking caddisflies to birds. Studies on 

the relationships between D. gilvipes and periphyton suggest D. gilvipes grazing 

has significant impacts on both periphyton biomass (Jacoby 1987, Lamberti et al. 

1987, Lamberti et al. 1995, Walton et al. 1995) and primary production (Jacoby 

1987, Lamberti et al. 1987) by reducing standing crop and increasing turnover 

rates. In some streams, D. gilvipes select habitats with higher algal standing 

crops (Kohler 1984, Hart 1981, Tait et al. 1994). 

Objectives 

This project used a multi-trophic approach to increase ecological 

understanding and improve the usefulness of macroinvertebrates in 

management. Because this was an observational study (i.e. environmental 

variables were not controlled), an attempt was made to account for as many 

confounding variables as possible using both sampling and analysis techniques. 

Often field studies of distributions or abundance of organisms fail to 

account for many of the factors influencing distribution. Experimental studies 

provide invaluable clues into behavioral mechanisms, nevertheless rarely does 
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such a manipulation truly represent all factors of the natural world. Stream 

habitats and resource availability influence the distribution of aquatic organisms, 

(e.g. McIntire 1966, Gregory 1983, Minshall 1984, Power et al. 1988, Pringle et 

al. 1988, Statzner 1988, Townsend 1989, Bourassa & Morin 1995, Death 1995) 

but accounting for all the factors involved in an animal's distribution in a highly 

dynamic system such as a stream is unrealistic. This project attempted to 

develop methods and analyses that would allow one to account for many of the 

most critical factors by incorporating both habitat and ecological variables. 

In a comparison of sites with varying degrees of human use we expected 

to see differences in caddisfly abundance, algal availability, and primary 

production. Human impacts on caddisfly larvae were predicted from the high 

human use sites, with minimal impact anticipated at low human use sites. Thus, 

low human use sites were predicted to contain the highest caddisfly abundances. 

Chlorophyll a biomass and primary production were expected to indicate trends 

of either human disturbance or herbivory pressure, but the particular effects of 

recreational use on algae was uncertain. 

In February 1996, an 85-year flood event occurred in the Quartzville 

Creek watershed. The flood caused extensive damage to the roads and bridges 

along the Quartzville Creek Recreational Corridor. To facilitate repair and 

reduce liability, B.L.M. limited all public access into the corridor through August 

1996. Public access was limited to foot traffic by a series of road blocks set up 

throughout the watershed. Automobile access for research was allowed with a 

permit. This provided a unique opportunity to study the system with and without 
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human perturbation and provided a "natural experiment" situation (Connell 1978, 

White & Pickett 1985, Lamberti et al. 1991). The difficulty of our situation was 

distinguishing the effects of flood damage from the effects of the presence or 

absence of humans. By accounting for measured abiotic and biotic factors with 

multiple regression, a distinction between the effects was made. After 

accounting for differences in physical habitat between the two years and any 

overall flood effect, it was expected that site caddisfly densities from 1996 would 

not reflect a trend in human use patterns as in 1995. 

Methods 

Nine study sites were chosen on Quartzville Creek covering a spectrum of 

recreational use ranging from heavy mining and frequent camping to having 

neither mining nor camping use (Figure 2.2). Recreational use patterns and 

frequency were determined from annual visitation reports from the Bureau of 

Land Management, personal observations and observations of researchers 

working on a concurrent harlequin duck project. Sites 1, 3, 4 and 5 were 

classified as 'heavy use' with both mining and camping frequently occurring with 

immediate river access. Site 9 had 'intermediate use'; although it is a popular 

day-use site for swimming and fishing, camping and mining are not allowed at 

the site. Site 2 was classified as a low use' site because access is somewhat 

restricted by a chain-link fence and campers are allowed only by reserved 

arrangements. Sites 6, 7 & 8 were 'minimal/no use' sites with difficult access 

and no areas for camping. 
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Figure 2.2. Map of study area with locations and descriptions of the individual 
study sites. 
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/ \ 
Quartzville Creek 

Study Sites 

No/ Minimal Human Use Intermediate Human Use 
6 Reference 9 Day Use Only, No Mining 
7 Reference Heavy Human Use 
8 Reference 1 Camping & Mining 
Low Human Use 3 Camping & Low Mining 
2 Restricted Use, Fenced 4 Camping & Mining 

5 Camping & Mining 

Figure 2.2 
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All sites were 50 meters in river length and were selected to be as 

hydraulically and geomorphically similar as possible. Physical characteristics 

such as channel width, depth, flow, discharge, substrata, light exposure, and 

temperature were considered for site similarities and were measured throughout 

the study. Riparian vegetation and potential waterbird habitat also were criteria 

in site selection. All sampling was conducted from mid May through July during 

both years to coincide with the presence of larval caddisflies, harlequin duck 

residency, and the period of greatest human activity in 1995 (Table 2.1). For 

each sample period, all sites were sampled within a two day span during 

maximal sunlit hours of each day (late morning-early afternoon). Additional 

caddisfly counts were taken in 1995 (Table 2.1). 

Dicosmoecus 

From preliminary surveys of Quartzville Creek, we identified five species 

of herbivorous and detritivorous caddisflies. These insects build cases of small 

stones and/or bits of woody litter, and are easily viewed on top of stream 

substrates (Li 1990). Sampling dates for D. gilvipes larvae were no more than 

three weeks apart, to record caddisfly maturation throughout the season (Li & 

Gregory 1989) (Table 2.1). Typically, all nine sites were sampled the same day, 

however if for some reason a sample day was shortened, counts were 

completed the following day. 

In our study D. gilvipes were counted visually using a 0.1m2 water scope 

(Li 1990). Four transects perpendicular to shore, extending the wetted channel 
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Table 2.1. Sampling dates from 1995 and 1996. 
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Table 2.1 

1995 Sampling 1996 Sampling 

May May 
13 D 

21 D 25 D 
22 B,C 26 H 

27 B,C 

June June 
8 D 13 D 

14 H 
20 D 

25 D 
27 B,C 26 H 
28 D 27 B,C 

July July 
11 D 8 D 

9 H 

21 D 22 D 
22 B,PP 23 H 
23 PP 24 B,C 
24 C 

28 D 29 D 
30 H 

Sampling Codes 
B = Benthic samples 
C = Chlorophyll a biomass 
D = D. gilvipes counts 
H = Harlequin duck observations 
PP = Primary Production runs 
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width, were chosen randomly, using a random number generator computer 

program in Quattro Pro for Windows 5.0, for each sample date within each of the 

nine 50 meter sites. Counts were made at 1 meter intervals along each transect, 

resulting in more than twenty 'samples' per site per day. Species verifications 

were made with a microscope in the laboratory using collected samples stored in 

95% ethanol. The life histories of D. gilvipes were determined by seasonal 

changes in larval instars reflected in case morphology and verified in the lab with 

samples of each instar. 

Periphyton 

Algal samples were collected by selecting 5 rocks (approximately 10cm in 

diameter) from each site on a monthly basis during both years. The rocks were 

transported in a cooler back to the laboratory where they were frozen. 

Processing was completed within 3 weeks of freezing. Algal chlorophyll a 

biomass was extracted by soaking rocks in 90% buffered acetone in the 

laboratory, and analyzed by spectrophotometry (Strickland & Parsons 1968). 

Surface area of the rocks was determined by wrapping the rocks in foil and 

trimming off any excess. The foils were weighed, and a proportion of foil weight 

to surface area was used to calculate the rock's surface area. 

Algal primary production was determined by measuring changes in 

dissolved oxygen within sealed chambers. We measured primary production in 

July 1995, using self-contained, recirculating production chambers in situ. 

Chambers were constructed from foot long pieces of five inch diameter pieces of 
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clear plexiglass pipe with approximate volumes of 2.5 liters. The chambers were 

sealed with modified caps which had outlets with 1/4 inch surgical tubing 

connected to Teal submersible pumps that provided water circulation. 

Net primary production is equivalent to the amount of oxygen production 

from photosynthesis minus the amount of oxygen consumption from respiration. 

Primary production was conducted at five sites: individually at sites 1, 2 and 9, 

and combined for sites 3, 4, 5 and sites 6, 7, 8 because of site similarities and 

proximity. Three rocks of approximately 5 cm diameter were placed in each of 

three chambers, while a fourth chamber was left empty as a control. At 

combined sites, the three production chambers represented each of the three 

sites within the group. The chambers were run for 1.5 hours both in direct 

sunlight and in complete darkness (provided by an opaque plastic container). 

Water was collected from each chamber after every run and dissolved oxygen 

was determined using Winkler titrations in the field. Water temperature within 

and outside the chambers also was recorded to correct for any warming effect 

the pumps may have had. To account for any differences in algal biomass 

among the chambers, chlorophyll a biomass was calculated for each of the rocks 

using spectrophotometry (described above). 

Physical Habitat 

Physical components of sites affect the biota within those sites (e.g. 

Cummins & Lauff 1969, Williams 1980, Ross & Wallace 1982, Power et al. 1988, 

Bourassa & Morin 1995, Death 1995). To compare trends in the biota within 
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those sites, one must account for differences in physical characteristics among 

the sites. Physical characteristics from sites also were important for determining 

effects of the flood on those trends. Habitat type, substrate and depth (m) were 

recorded with each visual caddisfly count (averaging 280 typings for each 

Quartzville site per year). Habitats were classified as riffle, glide(run), pool, 

backwater, and edge habitat. Edge habitat was defined as any location that was 

within 30cm of a bank, gravel bar, or island. Substrates were classified as 

bedrock, large boulder, small boulder, cobble, gravel, sand and silt, based on 

modifications of definitions in Wentworth (1922). For each sample date, average 

site depth and percentage of each habitat and substrate type were calculated. 

Widths were recorded at each transect location, and were averaged for each site 

on each date. 

In 1995, mean site stream velocity (m/s) was measured monthly using a 

digital flow meter held 1 inch off the stream bottom at ten random locations 

within each site. Diel temperatures were measured using Hobo temp-mentors 

during one twenty four hour period per month. Stream discharge (volume / unit 

time) and available solar radiation per site (calculated using a Solar Pathfinder) 

were measured in late July 1995. 

Statistical analyses 

Differences in D. gilvipes densities were analyzed with multiple 

regression. These techniques accounted for habitat variables and also 

distinguished between disturbances resulting from flood and from presence of 
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humans. In each case, visual counts were averaged by site for each sample 

date. Appropriate transformations of the data were made where indicated by the 

model residuals and standard errors (usually In(x+1)). The models result in 

estimations of mean summer densities at each site after accounting for habitat 

variables and certain interactions. The estimated site means were then 

compared to test for significant differences resulting from human use patterns. 

An overlap of 95% confidence intervals between two sites indicated no 

significant difference. In the next step, estimated mean densities were then 

compared with other variables (i.e. chlorophyll a biomass, primary production, 

stream velocity and solar radiation) measured on differing time scales. 

Two general models were used for D. gilvipes. Model I was designed to 

estimate differences in mean site D. gilvipes densities for the two years after 

accounting for habitat characteristics, sample dates, and year. Model II went 

one step further, by testing for differences between the years in terms of 

individual sites. Determining significant differences in site trends between the 

two years involved an Extra-Sum-of-Squares F-test comparing a full model (II), 

with site-year interactions, to a reduced model (I) without such interactions. The 

result was a model designed to estimate annual mean site densities after 

accounting for habitat, substrate, sample date, and depth, while at the same time 

accounting for the effects of the 1996 flood. 

Because of the large number of variables involved, it is appropriate to 

explain the setup and terminology associated with the models herein. 

We begin with the basic regression equation: 
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u(Y)= Bo 

Where: u(Y) is the estimated mean of the dependent variable in question 

(e.g. D. gilvipes density) and Bo is the constant and/or Y axis intercept. 

Adding the first variables to the equation, gives us: 

u{Y}= Bo + B1.8SITE8 

A variable represented in all capital letters (SITE) is a symbol representing many 

related variables. The number of variables represented is indicated by the 

subscript number after the name, in this case, there are 8 individual variables 

that make up SITE. Such a term is used only when the individual variables are 

indicator (or dummy) variables. An indicator variable has a value of 1 or 0 and 

represents a categorical variable. There is always one minus the number of 

actual variables represented by indicator variables. Here, although we have nine 

sites, only eight indicator variables are used because one of the variables is 

used as a reference to calculate the constant Bo (for this project site 1 is the 

reference variable associated with SITE). The coefficient (Br) of an indicator 

variable thus becomes the estimated mean difference between that variable and 

the reference (Bo) after accounting for the other variables in the model. In short, 

if the coefficient of a variable has an associated p-value >0.05 then there is no 

evidence to suggest the estimated coefficient of that variable is different from 0. 

Because we were attempting to find trends among the site based on human use 

patterns, coefficients of the site indicator variables are of particular interest. 

The term B1 _8SITE8actually represents:
 

B1(IND site 2) + B2(IND site 3) + B3(IND site 4) + B4(IND site 5) +
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B5(IND site 6) + B6(IND site 7) + B7(IND site 8) + B8(IND site 9) 

Where IND identifies that the variable is an indicator variable. 

To account for any differences among the sampling dates we add to the 

equation: 

u{Y}= Bo + B1.8SITE5 + B3.13DATE5 

The term DATES represents five indicator variables for the six sampling 

dates from a given year. In terms of the site variable coefficients, one can now 

test the significance of the individual sites after accounting for sampling date. 

Next, physical site characteristics are incorporated as variables into the 

model. Adding a variable for the average depth associated with each sample 

date at a given site gives us: 

u{Y}= Bo + B1..8SITE8 + B3.13DATE5 +B14(depth) 

Continuing with physical site characteristics, we add habitat and substrate 

variables. This gives: 

u{Y}= Bo + B1.8SITE5 + B3_13DATE5 + B14(depth) + B15(backwater) 

+ B16(edge) + B17(glideirun) + B18(pool) + B19(riffle) + 

B20(bedrock) + B21(cobble) + B22(gravel) + B23(small boulder) 

+ B24(large boulder) + B25(sand) + B26(silt) 

Each of the habitat and substrate variables are represented by the 

percentage of each characteristic at a given site per sample date. Coefficients of 

individual site variables plus Bo now estimate the means of each site on the first 

sample date after accounting, depth, habitat and substrate. 
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Data from 1996 had both identical format and variables as 1995, and thus 

data could be directly combined. Because the same sites were used and 

sample dates were paired between the two years, these variables remained the 

same within the model. Physical characteristics represent each site on every 

sample date throughout both years. To account for differences between years, 

another indicator variable was added to the equation, resulting in model I: 

u{Y}= Bo + B1..8SITE8 + 413DATE5+ B14(depth) + B15(backwater) + 

B16(edge) + B17(glide /run) + B18(pool) + B16(riffle) + 

B20(bedrock) + B21(cobble) + B22(gravel) + B23(small boulder) 

+ B24(large boulder) + B25(sand) + B26(silt) + B27(IND year) 

This single indicator variable (year) was setup so that 0 = 1995 

(reference) and 1 = 1996. A significant p-value associated with this coefficient 

indicates a significant difference between estimated means for the two years. 

The coefficient is the estimated difference in means between 1995 and 1996. 

Note that this variable does not indicate whether, or how much, individual sites 

varied between years, rather it simply indicates a difference between years with 

regard to total means for each year. 

Finally, to test for significant differences in site trends between the two 

years, interaction terms of each site variable with the year variable (SITE*IND 

year) were added. The equation becomes model II: 

u{Y}= Bo + B143SITE8 + B9_13DATE5 + B14(depth) + B15(backwater) + 

B16(edge) + B17(glide /run) + B18(pool) + B16(riffie) + 

B20(bedrock) + B21(cobble) + B22(gravel) + B23(small boulder) 



24 

+ B24(large boulder) + B25(sand) + B26(silt) + B27(IND year) + 

B28_35(SITE5*IND year) 

These interaction terms account for individual site differences between 

the two years. An Extra-Sum-of-Squares F-test can now be used to compare a 

full model with the interactions included against a reduced model without the 

interaction terms. A significant p-value for the F-test would support the full 

model, suggesting significant evidence of an association between individual sites 

and year. That is to say, there is a significant difference among the site trends 

between the two years after accounting for the other variables. 

Initially, all models were run with a variable that represented the number 

of individual counts (or samples) from each site on a given date. However, 

because there was no significant association (coefficient p-value = 0.89) 

between sample number and D. gilvipes density, and sample number is not a 

natural factor driving caddisfly distribution, sample number was not included in 

the models. Also tested in early models were many interaction variables testing 

interactions between date and site, habitat and substrate, depth and habitat, 

depth and substrate, etc. All such interactions were non-significant (p-value > 

0.1) within the models. These variables were excluded from the final models to 

prevent erroneous variance. 

Using those models selected by Extra-Sum-of-Squares F-tests, estimates 

of mean site densities were calculated. Coefficients of SITE, DATE, year, and (if 

applicable) SITE-year variables, were used to calculate site means for all sample 

dates. Estimates from each site were then averaged across sample dates for 
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each year, resulting in annual site means after accounting for depth, habitat and 

substrate. These annual means and their 95% confidence intervals were 

compared to test for significant trends according to human use patterns. 

After using regression models to account for spatial and temporal factors 

on the same scale as the individual samples, the next step was to test for site 

trends among factors measured on different scales. Estimated 1995 means 

were compared to 1995 site averages of stream velocity, incoming solar 

radiation, and primary production. Estimated site means from both years were 

compared to yearly site averages of active channel width, harlequin observations 

and chlorophyll a biomass. Relationships between annual site means and those 

factors mentioned above were tested using regression. 

All analyses were performed using Statgraphics Plus software on IBM-

compatible personal computers. Significance throughout all statistical analyses 

was indicated at the 95% (p-values < 0.05) confidence level. 

Results 

Figure 2.3 depicts average site densities (#/m2) of D. gilvipes for 1996 and 

1995 from the raw data (i.e. before modeling) and associated 95% confidence 

intervals. Data from 1995 reflected a trend regarding human use, in which low 

use (site 2) and no/minimal use (sites 6, 7, and 8) sites have higher densities 

than intermediate (site 9) and high use sites (sites 3, 4, and 5). However, the 

1996 data indicated no similar trends among the sites with regard to human use 

as seen in 1995. Overall, 1996 densities averaged an 81% reduction from 1995 
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Figure 2.3. Average densities of Dicosmoecus gilvipes (#1m2) at each study site 
for the years 1995 and 1996 (with 95% confidence intervals). 
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numbers, with the greatest differences at low use site 2 (89%) and no/minimal 

use sites 6, 7, and 8 (92%, 87%, and 89% reductions respectively). 

The F-test comparing models I and II suggested there was significant 

evidence (p-value = 0.024) that there was an association between individual 

sites and year, thus model ll was identified as the appropriate model. Table 2.2 

displays the coefficients and their associated p-values. Model II had a significant 

model p-value less than 0.0001 and an adjusted R-squared value of 73.43. 

Selection of model II also indicated and accounted for significant changes in site 

trends among the two years. 

In terms of human use patterns, the 1995 data indicated that no/minimal 

use sites 6, 7, and 8 had significantly higher D. gilvipes densities than the low 

use site 2, intermediate use site 9 and high use sites 1, 3, 4, and 5 (Figure 2.4). 

There was no significant difference between sites 1, 2, 3, 4, 5, and 9. Site 

estimates from 1996 showed no significant trend based on human use. 

However, after accounting for site, date, depth, habitat, substrate and site-year 

interactions, there was a significant decrease in the overall mean In(density D. 

gilvipes + 1) from 1995 to 1996 indicated by the year variable (estimated 

coefficient = -1.09, p-value = 0.039). The greatest differences between 1995 

and 1996 levels occurred at sites 6, 7, and 8, but sites 4, 5, and 9 exhibited no 

significant differences between the two years. 

Average site depth throughout the area in 1996 was 0.27m, a decrease of 

0.04m from the 1995 average of 0.31m (Table 2.3). In 1995, riffle habitat 

dominated throughout sites 1-8 exceeding 80% in sites 3 and 4 (Table 2.3). The 
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Table 2.2. Regression coefficient values from model II and their associated 
p-values. 
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Table 2.2 

Coefficient Value p-value 
Constant 7.56 0.120 

Site 2 1.43 0.020* 
Site 3 1.35 0.060* 
Site 4 0.46 0.490 
Site 5 1.15 0.020* 
Site 6 1.63 0.002* 
Site 7 1.57 0.005* 
Site 8 1.68 0.006* 
Site 9 -0.04 0.950 
Date 2 -0.17 0.260 
Date 3 0.29 0.180 

Sampler -0.41 0.240 
Year -0.60 0.390 

Site 2*Year 0.15 0.830 
Site 3*Year 0.55 0.450 
Site 4*Year 1.59 0.050* 
Site 5*Year 0.34 0.650 
Site 6*Year 0.52 0.440 
Site 7*Year 1.05 0.130 
Site 8*Year 0.50 0.550 
Site 9*Year 2.99 0.002* 

Depth -3.19 0.140 
Backwater 0.79 0.660 

Edge 10.25 0.010* 
Glide 0.05 0.970 
Pool 5.57 0.020* 
Riffle 1.85 0.160 

Bedrock -7.95 0.098 
Cobble -7.19 0.130 
Gravel -11.15 0.014* 

S. Boulder -3.63 0.420 
Sand -0.90 0.810 

* = significant at 0.05 level 
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Figure 2.4. Estimated mean densities of Dicosmoecus gilvipes (transformed 
using In(#/m2 + 1)) at all sites for the years 1995 and 1996 (with 95% confidence 

intervals). 
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Table 2.3. Calculated site values for average depth, average active channel 
width and the proportions of stream habitat types from 1995 and 1996. 



Table 2.3 

1995 
Site Ave. Depth Width Backwater Edge Glide Pool Riffle 

1 0.37 22.46 13.66 14.21 22.40 9.84 34.97 
2 0.34 34.06 1.08 9.14 38.71 2.69 46.77 
3 0.23 46.98 0.00 9.49 9.15 0.34 81.02 
4 0.24 40.09 0.69 9.69 7.61 1.04 80.97 
5 0.27 35.22 5.60 11.20 18.40 2.80 61.60 
6 0.27 36.73 3.62 9.21 23.68 1.32 50.66 
7 0.25 32.29 7.96 8.60 22.93 0.64 53.18 
8 0.35 37.98 5.90 8.70 33.85 3.11 40.37 
9 0.45 38.53 12.99 8.66 34.25 43.70 0.39 

1996 
Site Ave. Depth Width Backwater Edge Glide Pool Riffle 

1 0.42 16.75 16.07 8.93 25.00 12.50 37.50 
2 0.23 27.65 29.66 4.48 16.55 7.59 40.00 
3 0.17 35.79 0.80 6.42 3.48 1.34 87.97 
4 0.20 26.74 0.65 7.19 3.59 0.00 88.56 
5 0.31 20.41 1.33 8.64 7.31 14.95 56.48 
6 0.22 32.34 19.85 5.46 16.87 0.25 57.57 
7 0.22 27.94 3.13 5.97 9.09 1.42 80.40 
8 0.28 32.26 8.57 5.97 22.08 6.75 56.62 
9 0.37 30.44 25.83 5.41 35.14 12.91 19.22 

Difference 
Site Ave. Depth Width Backwater Edge Glide Pool Riffle 

1 0.05 -5.72 2.41 -5.28 2.60 2.66 2.53 
2 -0.11 -6.40 28.58 -4.66 -22.16 4.90 -6.77 
3 -0.06 -11.19 0.80 -3.07 -5.68 1.00 6.95 
4 -0.04 -13.34 -0.04 -2.50 -4.02 -1.04 7.59 
5 0.04 -14.81 -4.27 -2.56 -11.09 12.15 -5.12 
6 -0.04 -4.39 16.23 -3.75 -6.81 -1.07 6.91 
7 -0.03 -4.34 -4.84 -2.63 -13.84 0.78 27.21 
8 -0.07 -5.72 2.67 -2.72 -11.77 3.65 16.25 
9 -0.08 -8.09 12.83 -3.26 0.88 -30.79 18.83 

Side Channel 
4.92 
1.61 
0.00 
0.00 
8.80 
11.51 
6.69 
8.07 
0.00 

Side Channel 
0.00 
1.72 
0.00 
0.00 
11.30 
0.00 
0.00 
0.00 
1.50 

Side Channel 
-4.92 
0.11 
0.00 
0.00 
2.50
 

-11.51
 
-6.69
 
-8.07 
1.50 

w 
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exception was site 9, composed of primarily pool and glide habitats (44% and 

34% respectively). 

Generally site specific changes in habitat percentages between the two 

years were minimal, with most sites reflecting less than 10% changes in 

individual habitats from 1995 to 1996. Site 9 experienced the most drastic 

change, going from a pool and glide dominated site to one with mostly glides, 

backwater and riffles in 1996. 

Site substrates in 1995 were dominated by bedrock and cobble 

(averaging 44% and 28% respectively), whereas silt and large boulders 

combined did not equal nor exceed 10% at any site (Table 2.4). Gravel input to 

the system after the flood increased from an average of 12.2% in 1995 to 29% in 

1996 (Table 2.4). The greatest degree of substrate change occurred at site 2, 

where bedrock went from 68% of the substrate in 1995 to 28% in 1996 and 

cobble changed from 10% to 37%. 

Percent of edge habitat was the only habitat variable with a significant 

relationship to mean In(D. gilvipes density +1), after accounting for other 

variables, (coefficient = -5.75; p-value = 0.016). Model II indicated that average 

site depth had no significant relationship with mean In(D. gilvipes density +1), 

after accounting for site, date, habitat and substrate (coefficient = 0.633, p-value 

= 0.66). No substrate types were indicated as being significantly related to mean 

In(D. gilvipes density +1) at the 0.05 level. The model also indicated that the 

second (early June) and sixth (late July) individual sample dates had significant 

relationships with mean In(D. gilvipes density +1) (coefficients = 0.549 and 
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Table 2.4. Average proportion of substrates expressed as percentages in each 
site from 1995 and 1996. 



Table 2.4 

1995 
Site Bedrock L. boulder S. boulder Cobble Gravel Sand Silt 

1 14.53 0.56 13.41 51.40 16.20 3.91 0.00 
2 67.67 0.33 10.67 9.67 3.33 6.33 2.00 
3 86.94 0.00 1.91 7.96 0.96 2.23 0.00 
4 76.64 0.00 4.61 8.88 1.97 7.89 0.00 
5 21.85 0.00 13.70 49.63 11.85 2.96 0.00 
6 33.86 0.00 7.59 35.13 15.51 5.38 2.53 
7 42.64 0.00 5.71 35.14 10.21 5.71 0.60 
8 32.82 0.00 6.81 32.82 17.03 3.72 6.81 
9 18.64 1.08 4.66 19.71 32.97 14.70 8.24 

1996 
Site Bedrock L. boulder S. boulder Cobble Gravel Sand Silt 

1 10.12 6.55 13.10 31.55 20.83 16.67 1.19 
2 28.42 2.46 4.91 37.19 20.70 6.32 0.00 
3 86.10 0.27 0.80 2.67 10.16 0.00 0.00 
4 66.99 0.33 1.63 12.75 16.99 1.31 0.00 
5 19.85 2.25 3.00 37.08 35.96 1.87 0.00 
6 30.37 1.73 3.46 28.15 30.62 5.43 0.25 
7 45.20 1.41 3.39 22.60 26.84 0.56 0.00 
8 15.84 3.12 4.16 29.35 45.97 1.56 0.00 
9 9.04 0.60 0.90 18.37 52.71 14.76 3.61 

Difference 
Site Bedrock L. boulder S. boulder Cobble Gravel Sand Silt 

1 -4.41 5.99 -0.31 -19.85 4.63 12.76 1.19 
2 -39.25 2.12 -5.75 27.53 17.37 -0.02 -2.00 
3 -0.85 0.27 -1.11 -5.29 9.21 -2.23 0.00 
4 -9.65 0.33 -2.97 3.86 15.02 -6.59 0.00 
5 -2.00 2.25 -10.71 -12.55 24.10 -1.09 0.00 
6 -3.49 1.73 -4.14 -6.98 15.11 0.05 -2.28 
7 2.56 1.41 -2.32 -12.54 16.63 -5.14 -0.60 
8 -16.97 3.12 -2.66 -3.47 28.95 -2.16 -6.81 
9 -9.60 -0.47 -3.76 -1.34 19.74 0.06 -4.63 
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-0.741, p-values 0.03 and 0.004 respectively), all other dates had coefficient p-

values >0.1. 

Stream velocities ranged from 0.66m/s (site 3) to 0.12m/s (site 9) in 1995 

(Table 2.5). Incoming solar radiation was relatively similar across sites 3-9, 

ranging from 2143MJ/m2 (site 3) to 2591MJ/m2 (site 8). Site 2 received the least 

amount of solar radiation throughout the summer (1436MJ/m2) and site 1 

received 1958MJ/m2 (Table 2.5). Temperature probes revealed negligible 

temperature change from site 1 to site 9 (averaging 13.9 to 14.0 degrees C 

respectively), for the three days of monitoring. There was no significant 

relationship between the model estimated site mean In(D. gilvipes + 1) and 

average stream velocity (p-value > 0.1) or incoming solar radiation (p-value > 

0.1). 

There appeared to be no correlation between human use and levels of 

primary production (Figure 2.5). Net production was lowest for the combined 

sites 3, 4, and 5 (0.44 mg/m2) and highest at site 9 (0.78 mg/m2). Simple 

regression (Figure 2.6) indicated no significant relationship between primary 

production and estimated densities of D. gilvipes, or between primary production 

and either stream velocity or incoming solar radiation. 

In 1995 active channel width averaged 36.04m throughout the study area, 

with site 3 the widest (46.98m) and site 1 the narrowest (22.46m). Similarly, in 

1996 the average width was 27.8m, within a range set by sites 1 and 3 (16.7m 

and 35.8m respectively). There was no significant relationship between D. 

gilvipes density and average active channel width (p-value > 0.05). 
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Table 2.5. Average stream velocity and incoming solar radiation at each site in 
1995. 
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Table 2.5 

Average 
Site Velocity (m/s) 

1 0.60 
2 0.45 
3 0.66 
4 0.41 
5 0.60 
6 0.51 
7 0.34 
8 0.45 
9 0.12 

Solar
 
Radiation (MJ/m2)
 

1957.13 
1434.64 
2153.77 
2336.30 
2485.33 
2506.54 
2575.21 
2589.08 
2575.21 
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Figure 2.5. Amount of net primary production (mg/m2) measured at individual 
sites 1, 2, and 9, and at combined sites 3, 4, 5 and 6, 7, 8 in July 1995. 
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Figure 2.6. Relationship between net primary production and estimated mean 
densities of Dicosmoecus gilvipes (transformed using In(#/m2 + 1)) from 1995. 
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There was an average decrease in chlorophyll a biomass of 38% across 

the sites from 1995 to 1996 (Figure 2.7). Chlorophyll a biomass from 1995 did 

not correspond to any human use pattern, exhibiting no significant differences 

among sites. There was suggestive, but inconclusive, evidence that D. gilvipes 

density increases with relative increases in chlorophyll a biomass (Figure 2.8) (p

value = 0.056, adj. R-squared = 15.97). 

Discussion 

The purpose of this study was to examine the effects of recreational use 

on a trophic food web of a mountain stream. D. gilvipes densities, chlorophyll a 

biomass and primary production were predicted to reflect human use patterns 

across nine sites with varying degrees of recreational use. An analytical 

approach using multiple regression accounted for many potentially confounding 

physical factors. These variables included habitat, substrate, depth, active 

channel width, and velocity. Due to sampling design and the temporal and 

spatial scales involved with this project, multiple regression provided an ideal 

method of analysis. The study had large sample sizes (approximately 250 per 

site per year), multiple replications, and a spectrum of sites well suited to this 

analysis. Application of multiple regression to future studies would require 

meeting similar conditions. 

This study also utilized the opportunity to incorporate and examine the 

effects of a major flood event. The event resulted in a situation that resembled a 

natural experiment by eliminating the human use variable during the second 
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Figure 2.7. Average chlorophyll a biomass (mg/m2) at each study site for the 
years 1995 and 1996 (with 95% confidence intervals). 
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Figure 2.8. Relationship between average chlorophyll a biomass and estimated 
mean densities of Dicosmoecus gilvipes (transformed using In(#/m2 +1)). 
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year. To account for flood effects in the analyses, changes in habitats, 

substrates and depth within the sites were incorporated into the model. After 

accounting for the effects of the flood using multiple regression, testing 

ecological trends between years with and without human presence was possible. 

Due to the observational nature of this study, causal inferences were/are 

not possible. Nevertheless, through the inclusion of multiple confounding 

variables, these results provided valuable perspectives in the examination of 

recreational impacts and flood effects. 

Dicosmoecus gilvipes 

Multiple regression provided a powerful tool for identifying significant 

variables in the spatial and temporal distribution of D. gilvipes. Densities of D. 

gilvipes calculated from the unmodeled data suggested that in 1995, in the 

presence of humans, the low use site and no/minimal use sites had higher 

densities than the intermediate and high use sites. However, after accounting for 

habitat, substrate and depth using multiple regression, the low use site 2 was 

found not to differ significantly from the intermediate and high use sites. Only 

the no/minimal use site 6, 7, and 8 were estimated to have significantly higher 

densities by the model, providing evidence that even moderate instream human 

use may affect D. gilvipes density. 

In 1996, after the flood, there was a substantial decrease in the densities 

of D. gilvipes throughout the study area. This decrease proved to be a 

significant variable (year) within the regression model (Table 2.2). Because the 
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early life stage of the caddisfly overwinters within marginal habitats (Wisseman 

1987), we presume the decline was a result of the severe damage to these 

marginal areas along Quartzville Creek. This damage was evident throughout 

the corridor, occurring within all nine sites. 

The effect of the decline in densities will undoubtedly be reflected in the 

caddisfly's potential for recruitment. In late August 1996, the underside of 20 

random stones within each site were examined for pupating D. gilvipes. No 

pupae were found throughout the study area, suggesting future recruitment may 

have to come from upstream, tributaries and/or other watersheds where damage 

was less severe. 

Related to recruitment is the question of whether there were higher 

average densities found in sites with higher densities of second instars. In 1995, 

sites 2 and 9 had the second and third highest number of second instars (Figure 

2.9), yet later in the season these sites had lower average densities than sites 6, 

7, and 8. Also, D. gilvipes has been recorded to move several meters per day 

(Hart & Resh 1980, Hart 1981, Li & Gregory 1989, Li 1990), allowing for potential 

migration among the sites. Thus, high numbers of early instars at a given site 

did not translate into high average densities throughout the summer. 

Interaction terms within the model allowed for the comparison of individual 

site densities affected by the flood. The Extra-Sum-of-Squares F-test indicated 

significant differences between site trends in D. gilvipes densities from 1995 and 

1996. Taking this into account, the model reflected no significant differences 
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Figure 2.9. Average densities of larval Dicosmoecus gilvipes instars (#/m2) at 
each site from 1995. 



53 

12 

gi
E 

"41 

10 

8 

c 
a)0 
a) 

ccotiL 
a) 

< 

6 

4 

1 2 3 
i 
4 5 

Sites 
6 7 8 9 

2nd Instar 3rd Instar 4th Instar 5th Instar 

Figure 2.9 



54 

among the sites in 1996 with regard to human use patterns. Because multiple 

variables were included to account for site differences after the flood, the 

absence of a human use trend in 1996 lends further support to the hypothesis 

that moderate and heavy instream recreation affects D. gilvipes density. 

Further evidence of a recreational impact also is provided by examining 

how much D. gilvipes densities declined across the sites. If one supposed that 

recreation had no effect upon caddisfly densities, it might be expected that all 

sites would reflect similar degrees of decline from 1995 to 1996 after accounting 

for the other variables. (The variable (year) in the model accounted for such a 

decline.) However, significantly greater declines were recorded at the 

no/minimal use sites where the highest densities were estimated from 1995. 

The decline was much less or absent at those sites with moderate to high human 

use. 

These findings also indicated the scales at which impacts from human 

use and flooding occurred in Quartzville Creek. Impacts from flooding affected 

D. gilvipes densities at large spatial and temporal scales. Spatially, flood effects 

occurred at the scale of kilometers, indicated by the significant decline in overall 

densities throughout the study area. Temporally, the flood could affect D. 

gilvipes densities over multiple years, indicated by low 1996 counts and a lack of 

recruitment potential seen in both available pupae and stream margin habitat 

damage. Direct human use impacts however, operated at more local scales. D. 

gilvipes densities were negatively related to human use on a spatial scale of 

tens-of-meters (each site was 50 meters in length). Temporally, human use 
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impacts D. gilvipes densities on an annual or seasonal scale, indicated by the 

comparison between a year with human use and a year without human use. 

The scales at which human use impacted D. gilvipes densities have 

important implications for management of Quartzville Creek. Sites without 

human recreation provide a valuable refuge for the D. gilvipes population. These 

sites not only provide wildlife (Harlequin ducks, dippers, etc.) with a seasonally 

plentiful, high-quality food source, but also provide a high recruitment potential 

for the D. gilvipes community. With unregulated roadside camping dispersed 

throughout the corridor, low use sites have become reduced to a few select 

patches. Concentration and regulation of the camping areas along Quartzville 

Creek would increase both size and frequency of the patches, potentially 

ensuring the existence of wildlife and recreation for the future. 

Chlorophyll a biomass and habitat variables 

Chlorophyll a biomass did not reflect a human use trend among sites. 

Algal biomass was variable across the sites and throughout the two years, yet 

statistically there was no significant difference among the sites. High 

colonization rates and varying grazing pressure are possible explanations for the 

relatively uniform distribution of chlorophyll a biomass. 

Previous studies have indicated that chlorophyll a biomass may determine 

the micro-distribution of D. gilvipes (Kohler 1984, Hart 1981, Tait et al. 1994). 

However, there was no significant relationship between chlorophyll a biomass 

and estimated mean densities of D. gilvipes among the sites. No relationship 
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could be indicative that levels of chlorophyll a biomass were presumably 

sufficient (i.e. not limiting) throughout the corridor and/or that the spatial scale 

involved in this study was too large. Despite a reduction in grazing pressures 

from decreased D. gilvipes numbers, algal biomass was lower in 1996. Average 

biomass declined by 38% across the sites from 1995 to 1996. Although possible 

explanations include extensive substrate scour, reduced water quality and/or 

nutrient content and sampling error, reasons for this decline were undetermined. 

There were few habitat characteristics that were significant within the 

model. It should be noted however, that each variable was examined by the 

model after accounting for the other variables in that model. Presumably there 

are countless interactions between and among the habitat characteristics, thus it 

was appropriate to maintain the variables within the model regardless of their 

significance to properly account for them. Though a variable was not significant 

within the model, it does not necessarily follow that the variable is unimportant in 

determining the distribution of the organism. 

In 1995, stream velocity, incoming solar radiation and primary production 

were measured to examine other potential variables determining the distribution 

of the caddisfly. None of these variables reflected similar trends with regard to 

the human use patterns, nor were they related significantly with estimated mean 

site densities of D. gilvipes. Lack of significant correlations leant further support 

to the recreational disturbance hypothesis. Although primary production 

measurements were limited both spatially and temporally, it was assumed these 

limitations were minimal with regard to the analyses. 
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This study accounted for many variables affecting the distribution of the 

caddisfly however, other variables, particularly biotic interactions, were not 

included. Though our observational data suggests that harlequin ducks are 

primary predators, predation by dippers, fish and other creatures also may have 

an impact on distribution. However, it should be noted that Quartzville Creek is a 

put-and-take fishery for rainbow trout. These hatchery fish spend most of the 

time in large pools throughout the stream and are often ineffective predators. 

Other fish species within the stream are either not large enough or are not known 

to consume D. gilvipes. 

Conclusions 

There was significant evidence that recreational use reduced densities of 

the caddisfly D. gilvipes after accounting for habitat, substrate, depth, width, 

velocity, incoming solar radiation, chlorophyll a biomass and primary production. 

In 1995 with human presence, there were significantly higher densities of D. 

gilvipes at no/minimal use sites than at low, intermediate and high use sites after 

accounting for habitat, substrate, depth and relationships to velocity, incoming 

radiation, primary production, active channel width and chlorophyll a biomass. In 

the absence of humans during 1996, there was no significant trend regarding 

human use after accounting for site differences in multiple abiotic and biotic 

factors and the impacts from a major flood event. 
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III. IMPACTS OF RECREATIONAL USE AND A MAJOR FLOOD ON THE
 
BENTHIC MACROINVERTEBRATE COMMUNITY OF QUARTZVILLE CREEK,
 

OREGON 

Introduction 

This study examined the impacts of both recreational use and a major 

flood event on the ecology of Quartzville Creek, Oregon during the summers of 

1995 and 1996. This chapter focuses on impacts on the benthic 

macroinvertebrate community within the study area. Benthic communities have 

been shown to be indicative of disturbance in many systems (e.g. Lehmkuhl 

1979, Gore 1982, Robinson & Minshall 1986, Anderson & Wisseman 1987, 

Scrimgeour et al. 1988, Englund 1991, Lamberti et al. 1991, Hendricks et al. 

1995), however responses of a benthic community to recreational use are 

undetermined. Benthic data were complimentary to data from the D. gilvipes 

portion of the study (Chapter 2) and also expanded our understanding of how the 

benthic community in Quartzville Creek responded to a major flood event. 

This study singled out D. gilvipes in Chapter 2 for three important reasons: 

(1) their relationship to Harlequin ducks; (2) their overwhelming abundance in 

Quartzville Creek and (3) the morphology and behavior of the caddisfly that 

makes this species especially susceptible to substrate surface disturbance from 

recreation. Other members of the benthic community may respond to such 

disturbance quite differently by drifting, swimming, and/or greater mobility. Thus, 

trends of the benthic community similar to D. gilvipes would suggest recreational 

disturbance was more intense. Because EPT taxa (Ephemeroptera, Plecoptera 
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and Trichoptera) are often used as indicators of stream quality and/or 

disturbance, analyses also were conducted with this group. 

Located in the Cascade Mountain Range in western Oregon (Figure 2.1, 

Chapter 2), Quartzville Creek is a National Wild and Scenic River under the 

jurisdiction of the Bureau of Land Management (BLM). Recreational use of the 

area peaks in the summer months and includes camping, fishing, rafting, 

swimming and recreational gold mining. Currently, the majority of camping 

occurs at undeveloped sites located within meters of the stream edge. The 

results of such close proximity to the stream is immediate access to the stream 

for a variety of recreational uses and consequently, a high potential for physical 

disturbance to the stream's biota. This study was designed in cooperation with 

BLM with the intention of providing information that would aid the agency in 

making future management decisions regarding the area. 

This project used benthic surveys to increase ecological understanding of 

a riparian/stream food web and meet management needs. In a comparison of 

sites with varying degrees of human use in 1995, we expected to see differences 

in benthic species abundance and diversity based on recreational disturbance. 

Benthic abundance and diversity was predicted to be low at high human use 

sites whereas low human use sites were predicted to contain the highest 

macroinvertebrate abundance and diversity. Food availability for benthic 

organisms (i.e. algae, course particulate organic matter or CPOM and fine 

particulate organic matter or FPOM) should be highest at these sites because of 

minimal disturbance to sediments and detritus sinks. 
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Because physical components of sites affect the biota within those sites 

(e.g. Cummins & Lauff 1969, Williams 1980, Ross & Wallace 1982, Power et al. 

1988, Bourassa & Morin 1995, Death 1995), an attempt was made to account for 

as many confounding variables as possible using both sampling and analysis 

techniques. To compare trends in the biota within those sites, we accounted for 

differences in physical characteristics among the sites using multiple regression. 

In February 1996, an 85-year flood event occurred in the Quartzville 

Creek watershed. The flood limited public access to foot traffic and provided an 

opportunity to study the system with and without human perturbation. After 

accounting for differences in physical habitat between the two years and any 

overall flood effect using multiple regression, it was expected that in 1996, in the 

absence of humans, there would be no trend in benthic densities among the 

sites similar to the human use patterns from 1995. 

Finally, taxa composition and benthic densities from the two years were 

compared to examine effects of the 1996 flood on the benthic community. We 

predicted that both 1996 taxa composition and densities would be reduced from 

those in 1995. Typically, floods reduce abundance of benthic 

macroinvertebrates, yet the duration of such an impact is highly variable (e.g. 

Hoopes 1974, Siegfried & Knight 1977, Fisher et al. 1982, Robinson & Minshall 

1986, Lamberti et al. 1991, Hendricks et al. 1995). 
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Methods 

Site selection was outlined in Chapter 2 (Figure 2.2). In short, nine study 

sites were chosen covering a spectrum of recreational use ranging from heavy 

mining and frequent camping to having neither mining nor camping use. Sites 1, 

3, 4 and 5 were classified as 'heavy use' with both mining and camping occurring 

with immediate river access. Site 9 had 'intermediate use' and site 2 was 

classified as a 'low use' site. Sites 6, 7 & 8 were `minimal/no use' sites with 

difficult access and no areas for camping. 

All sites were 50 meters in river length and were selected to be as 

hydraulically and geomorphically similar as possible. Sampling was conducted 

from mid-May through July during both years to coincide with the presence of 

larval caddisflies, Harlequin duck residency, and the period of greatest human 

activity in 1995 (Table 2.1, Chapter 2). 

Aquatic Insects 

Benthic macroinvertebrate samples were taken monthly during both 

summers in the latter part of May, June and July. Six randomly selected 

samples were taken at each site, using a (1ft2) modified Surber sampler with a 

250um mesh net. Substrates were stirred for 30 seconds to a depth of 10cm 

where possible. Samples were sieved through a 250um screen and were 

preserved in 95% ethanol. Depth, habitat and substrate were recorded with 

each sample. Each sample was counted individually and identified to genus in 

the laboratory using a dissecting microscope (Chironomidae were identified to 
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Tribe). Annual mean site densities of total benthics, EPT taxa, and Chironomid 

taxa were calculated along with taxa richness according to genera. 

Methodology regarding D. gilvipes enumeration, chlorophyll a biomass, 

and primary production were outlined in Chapter 2. Habitat type, substrate and 

depth (m) were recorded with each visual caddisfly count (averaging 280 typings 

for each Quartzville site per year). 

In 1995, mean site stream velocity (m/s) was measured monthly using a 

digital flow meter held 1 inch off the stream bottom at ten random locations 

within each site. Diel temperatures were measured using Hobo temp-mentors 

during one twenty four hour period per month. The amount of incoming solar 

radiation per site (calculated using a Solar Pathfinder) was measured in late July 

1995. 

Statistical analyses 

Differences in benthic sample densities were analyzed with multiple 

regression. These techniques (see methods Chapter 2) accounted for habitat 

variables measured along with the samples and also distinguished between flood 

effects and presence/absence of humans. In each case, six individual benthic 

samples per site were used in the analyses for each sample date. 

Transformations of the data were made where indicated by the model residuals 

and standard errors (In(x+1)). The models result in estimations of mean summer 

densities at each site after accounting for habitat variables and certain 

interactions. The estimated site means were then compared to test for 
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significant differences resulting from human use patterns. An overlap of 95% 

confidence intervals between two sites indicated no significant difference. In the 

next step, estimated mean densities were compared with other variables 

measured on differing time scales (i.e. chlorophyll a biomass, primary 

production, stream velocity and radiation). 

Four general models were used for this project. Models III and IV, and 

models V and VI were similar to the D. gilvipes models I and II from Chapter 1, 

except the dependent variables were estimated mean densities of benthic 

insects (models III and IV) and estimated mean densities of EPT taxa (models V 

and VI) calculated from Surber samples. Models III and V were designed to 

estimate differences in mean site densities for the two years after accounting for 

habitat characteristics, sample dates, and year. Models IV and VI went one step 

further by testing for differences between the years in terms of individual sites. 

Determining significant differences in site trends between the two years involved 

an Extra-Sum-of-Squares F-test comparing a full model, with site-year 

interactions, to a reduced model without such interactions. The result was a 

model designed to estimate annual mean site densities, while at the same time 

accounting for the effects of the 1996 flood. 

An explanation of the setup and terminology associated with the models 

was given in Chapter 2. In summary, the format of reduced models III and V 

was: 

u{Y}= Bo + B1 _oSITE8 + B9_10DATE2+ B11(IND sampler) + B12(depth) 

+ B13(backwater) + B14(edge) + B15(glide/run) + B16(pool) + 
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Bi7(riffle) + B18(bedrock) + B19(cobble) + B20(gravel) + 

B21(small boulder) +Bn(Iarge boulder) + B23(sand) + B24(silt) 

+ B25(IND year) 

Whereas the format of the full models IV and VI was : 

u{Y}= B0 + B1 _8SITE8 + B9_10DATE2 + B11(IND sampler) + B12(depth) 

+ B13(backwater) + B14(edge) + B15(glide/run) + B16(pool) + 

B17(riffle) + B18(bedrock) + B19(cobble) + B20(gravel) + 

B21(small boulder) + B22(large boulder) + B23(sand) + B24(silt) 

+ B25(IND year) + B26-33(SITE5*IND year) 

There are two differences between the above models and those used for 

D. giMpes. The number of indicator variables for DATE has been reduced from 

5 to 2 because benthic samples were collected on a monthly basis. The benthic 

models also included the indicator variable, IND sampler. This variable was 

added to account for observed sampling differences between field personnel 

during 1996. 

An Extra-Sum-of-Squares F-test was used to compare a full model with 

site-year interactions included against a reduced model without those interaction 

terms. A significant p-value for the F-test would support the full model, 

suggesting significant evidence of an association between individual sites and 

year. That is to say, there is a significant difference among the site trends 

between the two years after accounting for the other variables. 

Initially, all models were run with many interaction variables testing 

interactions between date and site, habitat and substrate, depth and habitat, 
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depth and substrate, etc. All such interactions were non-significant (p-value > 

0.1) within the models. These variables were excluded from the final models to 

prevent erroneous variance. 

Using those models selected by Extra-Sum-of-Squares F-tests, estimates 

of mean site densities were calculated. Coefficients of SITE, DATE, year, and (if 

applicable) SITE-year variables, were used to calculate site means for all sample 

dates. Estimates from each site were then averaged across sample dates for 

each year, resulting in annual site means after accounting for depth, habitat and 

substrate. These annual means and their 95% confidence intervals were 

compared to test for significant trends according to human use patterns. 

After using regression models to account for spatial and temporal factors 

on the same scale as the individual samples, estimated 1995 means were 

compared to 1995 site averages of stream velocity, incoming solar radiation, and 

primary production. Estimated site means from both years were compared to 

yearly site averages of active channel width and chlorophyll a biomass. 

Relationships between annual site means and those factors mentioned above 

were tested using regression. 

All analyses were performed using Statgraphics Plus software on IBM-

compatible personal computers. Significance throughout all statistical analyses 

was indicated at the 95% (p-values < 0.05) confidence level. 

Results 

There were no indications from the unmodeled data that either total 

benthic or EPT taxa densities reflected a trend correlated to human use patterns. 
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Annual average site densities from the unmodeled data and associated 95% 

confidence intervals of total benthics and EPT taxa are depicted in Figures 3.1 

and 3.2 respectively. 

There were no significant differences among the sites regarding taxa 

richness, EPT taxa richness or EPT/C (Chironomidae) ratio (Table 3.1). There 

also were no significant differences between the two years regarding these 

indices. 

Extra-Sum-of-Squares F-tests revealed full models, with site-year 

interactions, were appropriate for both total benthics (model IV) and EPT taxa 

densities (model VI) (F-statistic p-values = 0.005 and 0.023 respectively). Both 

densities were transformed using In(x+1). Coefficients and the associated p-

values from models IV and VI are given in Tables 3.2 and 3.3 respectively. 

Model IV had an associated model p-value less than 0.0001 and an adjusted R-

squared value of 37.16. The model used for EPT densities (model VI) had an 

associated model p-value less than 0.0001 and an adjusted R-square value of 

23.37. 

In terms of human use patterns, 1995 total benthic estimates indicated 

that low use site 2 had significantly higher densities than the other eight sites 

(Figure 3.3). No/minimal use sites 6, 7, and 8 and high use site 3 had 

significantly higher densities than intermediate use site 9 and high use sites 1, 4, 

and 5. High use site 1 had the lowest estimated densities during both years. 

Site estimates from 1996, with no recreational presence, have no significant 

trend related to human use designated in 1995. 



67 

Figure 3.1. Average densities of total benthic macroinvertebrates (#1m2) at each 
site for the years 1995 and 1996 (with 95% confidence intervals). 
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Figure 3.2. Average densities of EPT taxa macroinvertebrates (#/m2) at each 
study site for the years 1995 and 1996 (with 95% confidence intervals). 
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Table 3.1. Taxa richness, EPT taxa richness and EPT:Chironomid ratios at each 
site from 1995 and 1996. 



Table 3.1 

Site 
1 2 3 4 5 6 7 8 9 

RichnessTaxa 
1995 38 42 37 38 41 34 38 40 32 
1996 33 34 30 33 36 33 42 30 43 

EPT taxa 
1995 20 22 20 20 22 19 19 24 18 
1996 19 20 20 20 21 22 26 20 27 

EPT/C ratio 
1995 0.49 1.55 0.51 0.77 0.64 0.55 0.60 0.79 2.57 
1996 2.72 0.54 2.56 0.94 0.67 0.74 1.23 0.76 0.75 
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Table 3.2. Regression coefficient values from model IV and their associated 
p-values. 
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Table 3.2 

Coefficient Value p-value 
Constant 7.00 0.120 

Site 2 2.49 <0.001* 
Site 3 1.73 0.010* 
Site 4 0.92 0.140 
Site 5 1.25 0.006* 
Site 6 1.73 <0.001* 
Site 7 1.83 <0.001* 
Site 8 1.84 0.013* 
Site 9 0.54 0.450 
Date 2 0.32 0.020* 
Date 3 0.83 <0.001* 

Sampler -0.38 0.240 
Year -0.61 0.340 

Site 2*Year -0.40 0.540 
Site 3*Year 0.64 0.340 
Site 4*Year 1.36 0.080 
Site 5*Year 0.32 0.640 
Site 6*Year 0.87 0.160 
Site 7*Year 1.05 0.110 
Site 8*Year 0.70 0.370 
Site 9*Year 2.98 <0.001* 

Depth -1.78 0.380 
Backwater -0.42 0.800 

Edge 9.12 0.013* 
Glide 0.24 0.850 
Pool 5.59 0.010* 
Riffle 1.74 0.160 

Bedrock -7.66 0.090 
Cobble -6.41 0.150 
Gravel -11.14 0.009* 

S. Boulder -3.39 0.420 
Sand -0.99 0.780 

*= significant at 0.05 level 
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Table 3.3. Regression coefficient values from model VI and their associated 
p-values. 
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Table 3.3 

Coefficient Value p-value 
Constant 7.56 0.120 

Site 2 1.43 0.020* 
Site 3 1.35 0.060* 
Site 4 0.46 0.490 
Site 5 1.15 0.020* 
Site 6 1.63 0.002* 
Site 7 1.57 0.005* 
Site 8 1.68 0.006* 
Site 9 -0.04 0.950 
Date 2 -0.17 0.260 
Date 3 0.29 0.180 

Sampler -0.41 0.240 
Year -0.60 0.390 

Site 2*Year 0.15 0.830 
Site 3*Year 0.55 0.450 
Site 4*Year 1.59 0.050* 
Site 5*Year 0.34 0.650 
Site 6*Year 0.52 0.440 
Site 7*Year 1.05 0.130 
Site 8*Year 0.50 0.550 
Site 9*Year 2.99 0.002* 

Depth -3.19 0.140 
Backwater 0.79 0.660 

Edge 10.25 0.010* 
Glide 0.05 0.970 
Pool 5.57 0.020* 
Riffle 1.85 0.160 

Bedrock -7.95 0.098 
Cobble -7.19 0.130 
Gravel -11.15 0.014* 

S. Boulder -3.63 0.420 
Sand -0.90 0.810 

* = significant at 0.05 level 
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Figure 3.3. Estimated mean densities of total benthics (transformed using 
In(#/m2 +1)) at all sites for the years 1995 and 1996 (with 95% confidence 

intervals). 
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EPT taxa estimates from 1995 indicate that no/minimal use sites 6, 7, and 

8 had significantly higher densities than intermediate use site 9 and high use 

sites 1, 3, 4, and 5 (Figure 3.4). Low use site 2 fell between the two groups with 

no significant difference between sites 6, 7, and 8 and high use site 3. Estimates 

from 1996 do not reflect such a trend. There was no significant difference 

between the high use sites 3 and 4 and the no/minimal sites 6 and 8. Also, 

intermediate use site 9 was estimated to have the highest densities in 1996. 

There was no significant relationship between estimated D. gilvipes 

densities from visual counts (see Chapter 2) and either total benthics or EPT 

estimated densities (p-values = 0.46 and 0.26, adj. R-squares = 0.01 and 1.95 

respectively). It should be noted that average densities of D. gilvipes were 

underestimated by Surber samples when compared to visual counts. Surber D. 

gilvipes densities from 1995 averaged 2.39/m2 compared to 17.69/m2 from visual 

counts, a reduction of 86.5% (Figure 3.5). In 1996, Surber D. gilvipes densities 

averaged 0.33/m2 compared to 2.44/m2 from visual counts, a reduction of 

86.4% (Figure 3.6). Any trends in D. gilvipes indicated by the visual counts were 

not represented in benthic samples from either year. 

Models IV (total benthics) and VI (EPT taxa) reflected similar relationships 

between densities and physical habitat characteristics. Average site depth had 

no significant relationship with mean benthic densities or mean EPT taxa 

densities, after accounting for site, date, habitat and substrate (coefficients = 

1.77 and -3.19, p-values = 0.38 and 0.14 respectively). Percentage of both edge 

and pool habitats had significant positive relationships to estimated means of 
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Figure 3.4. Estimated mean densities of EPT taxa (transformed using
In(#/m2 +1)) at all sites for the years 1995 and 1996 (with 95% confidence 

intervals). 
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Figure 3.5. Comparison of average site densities of Dicosmoecus gilvipes (#1m2) 
calculated from Surber samples and visual counts in 1995. 
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Figure 3.6. Comparison of average site densities of Dicosmoecus gilvipes (#/m2) 
calculated from Surber samples and visual counts in 1996. 
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total benthics (coefficients = 9.12 and 5.59, p-values = 0.013 and 0.01 

respectively) and EPT taxa (coefficients = 10.25 and 5.57, p-values = 0.01 and 

0.02 respectively), after accounting for other variables. Gravel was the only 

substrate with a significant relationship to estimates of either total benthics or 

EPT taxa, and was negatively associated in both cases (coefficients = -11.14 

and -11.15, p-values = 0.01 and 0.013 respectively). Model IV indicated that the 

second (June) and third (July) sample dates had significant relationships with 

benthic densities (coefficients = 0.32 and 0.83, p-values 0.02 and <0.001 

respectively), but there were no trends relating EPT densities to sample dates (at 

0.05 level). 

Benthic invertebrates also exhibited no significant relationships with other 

measured physical or biological variables. There was no significant relationship 

between either total benthic or EPT taxa estimated site means and average 

stream velocity (p-values > 0.1) nor incoming solar radiation (p-values > 0.1) 

(Table 2.5 Chapter 2). Regression indicated no significant relationship between 

the estimated density of total benthics nor EPT taxa and primary production. 

There also was no significant relationship between either total benthic or EPT 

taxa densities and average active channel width (p-values = 0.081 and 0.14 

respectively) 

There was no evidence that estimated total benthic density was related to 

average chlorophyll a biomass (p-value = 0.72) (Figure 3.7). There also was no 

evidence that estimated EPT taxa density was related to average chlorophyll a 

biomass (p-value = 0.98) (Figure 3.8). 
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Figure 3.7. Relationship between average chlorophyll a biomass and estimated 
mean densities of total benthics (transformed using In(#/m2)). 
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Figure 3.8. Relationship between average chlorophyll a biomass and estimated 
mean densities of EPT taxa (transformed using In(#/m2 +1)). 
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Average total benthic densities declined from 482/m2 in 1995 to 305/m2 in 

1996. However, the highest densities were recorded in July (Figure 3.9), 

indicating a 10% increase from 1995 to 1996. Similarly, average summer EPT 

densities decreased from 237/m2 in 1995 to 167/m2 in 1996, yet peak densities 

in July reflected an 18% increase from 1996 to 1995. 

When taxa lists from the two years were compared, there were a total of 

45 taxa common to both years (Table 3.4). There were 25 taxa that were found 

only in 1995 and 5 taxa unique to 1996 samples (Table 3.5). Benthic 

invertebrates from the two years also were compared using percent of the total 

abundance each taxa represented. The values from each year were then plotted 

against each other using a (Inx+1) transformation (Figure 3.10). A simple 

regression using these values resulted in a strong significant relationship (p

value < 0.001 and an adjusted R-Squared of 88.8). Testing for differences in 

benthic communities between the two years also was incorporated into the 

multiple regression models. After accounting for site, date, depth, habitat, 

substrate and site-year interactions using the models, there was no significant 

change in the overall mean In(density total benthics + 1) from 1995 to 1996 

indicated by the variable `year(estimated coefficient = -0.61, p-value = 0.34). 

The year variable from model VI also reflected no significant change in the 

overall mean In(density EPT taxa + 1) from 1995 to 1996 (estimated coefficient = 

-0.60, p-value = 0.39). 
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Figure 3.9. Comparison of average monthly densities of total benthic 
macroinvertebrates (#1m2) from 1995 and 1996 (with 95% confidence intervals). 
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Table 3.4. List of benthic macroinvertebrate taxa collected in Quartzville Creek 
from 1995 and 1996. 
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Table 3.4 

Ephemeroptera Trichoptera Hemiptera 
Baetidae sp. Brachycentridae sp. Gerridae sp. 
Baetis Brachycentrus Gerris 
Ephemerellidae sp. Micrasema Saldidae sp. 
Attenella Glossosomatidae sp. 
Caudatella Glossosoma/Anagapetus Meoaloptera 
Drunella Hydropsychidae sp. Corydalidae sp. 
Ephemerella Archtopsyche Orohemus 
Serratella Hydropsyche 
Timpanoga Ceratopsyche Odonata 
Heptageniidae sp. Hydroptilidae sp. Gomphidae sp. 
Cinygma Hydroptila Octogomphus 
Cinygmula Lepidostomatidae sp. 
Epeorus Lepidostoma Diptera 
Ironodes Leptoceridae sp. Athericidae sp. 
Rhithrogena Mystacides Atherix 
Leptophlebiidae sp. Limnephilidae sp. Blephariceridae sp. 
Paraleptophlebia Dicosmoecus Agathon 
Siphlonuridae sp. Moselyana Blepharicera 
Ameletus Neophylax Ceratopogonidae sp. 

Psychoglypha Ceratopogoninae 
Plecoptera Rhyacophilidae sp. Forcipomyiinae 
Capniidae sp. Rhyacophila Chironomidae sp. 
Paracapnia Sericostomatidae sp. Chironomidae 
Chloroperlidae sp. Gumaga Orthocladinae 
Suwalia Tanypodinae 
Parapetia Coleoptera Tanytarsini 
Nemouridae sp. Dytiscidae sp. Dixidae sp. 
Amphinemura Coptotomus Empididae sp. 
Malenka Elmidae sp. Cfinocera 
Peltoperlidae sp. Ampumixis Psychodidae sp. 
Yoraperia Cleptelmis Maruina 
Perlidae sp. Dub!raphia Simulidae sp. 
Calineuria Heterfimnius Prosimulium 
Hesperoperla Microcylloepus Simulium 
Perlodidae sp. Optioservus Tipulidae sp. 
Isoperla Ordobrevia Antocha 
Osobenus Zaitzevia Dicranota 
Pteronarcyidae sp. Helodidae sp. Hexatoma 
Pteronarcys Hydophidae sp. Rhabdomastix 

Hydrophilidae sp. 

Helophorus Other 
Staphylinidae sp. Annelids 

Collembola 
Juga 
Mites 
Nematodes 
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Table 3.5. Lists of benthic macroinvertebrate taxa that were unique to either 
1995 or 1996 samples. 
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Table 3.5 

1996 Only 1995 Only 
EPT taxa 

Attenella Archtopsyche 
Isoperla Hydropsyche 

Yoraperla lronodes 
Malenka
 

Mystacides
 
Neophylax
 
Osobenus
 

Paracapnia
 
Paraperla
 

Pteronarcys
 
Rhithrogena
 

Non-EPT taxa
 
Dicranota Agathon
 

Helophorus Cleptelmis
 
Clinocera
 

Coptotomus
 
Dubiraphia
 

Forcipomyiinae
 
Microcylloepus
 

Prosimulium
 
Rhabdomastix
 

5 taxa 20 taxa 
1.13% of total abundance 1.21% of total abundance 

70 total taxa 
45 taxa in common 

98.87% of total abundance 98.79% of total abundance 
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Figure 3.10. Relationship between the relative abundances of individual taxa 
from 1995 and 1996 (transformed using In(% of total abundance +1)). 
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Discussion 

Benthic Assemblages 

As with D. gilvipes (Chapter 2), the value of using multiple regression as 

an analysis tool became apparent after comparing results of unmodeled data to 

the regression estimates. Whereas unmodeled data failed to show trends, the 

regression models defined significant differences between sites and seasons 

after accounting for several abiotic factors. In particular, neither densities of total 

benthic invertebrates nor EPT taxa from the unmodeled data for both years 

indicated any trend across sites related to human use. Modeled estimated total 

benthic densities also reflected no significant trend regarding human use 

patterns across the sites during both years, after accounting for habitat, 

substrate and depth. 

However, 1995 model estimated densities of EPT taxa suggested a 

human use pattern with no/minimal sites having significantly higher densities 

than intermediate and high use sites. The low use site 2, fell between the two 

groups showing no significant difference with no/minimal sites and high use 

sites. In 1996, without the presence of humans, this pattern does not exist, 

suggesting recreational disturbance impacted a larger component of the benthic 

community than anticipated. 

Regression comparisons between estimated D. gilvipes densities, total 

benthic and EPT taxa, indicated no significant correspondence between the 

caddisfly and benthic samples. A lack of relationship between EPT taxa and D. 
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gilvipes, despite similar trends in human use patterns, most likely resulted from 

the differences in density patterns reflected by high use site 1 and intermediate 

site 9. Estimated densities of D. gilvipes at these sites were not significantly 

different from other human use sites in either year (Figure 2.4 Chapter 2). 

However, in 1996 estimated densities of EPT taxa at site 1 were significantly 

lower than at other sites while site 9 had significantly higher EPT densities than 

the other sites (Figure 3.4). 

Perhaps the most obvious distinction derived from the benthic data from 

Quartzville Creek, was the low overall numbers for a Cascade Mountain stream. 

In a generalized comparison, Lamberti et al. (1991) found densities in the 

magnitude of thousands in a third order Cascade stream, Quartz Creek. 

Estimates from Quartzville Creek averaged approximately five hundred 

organisms and never exceeded eight hundred. Possible reasons for such 

relatively low abundance are many (e.g. water quality, large scale human 

disturbance, upstream watershed practices, etc.) and as a result, hypotheses 

regarding the phenomena would be based solely on speculation. Nevertheless, 

questions surrounding this occurrence will hopefully provide motivation for 

continued research. 

A comparison between D. gilvipes densities estimated from Surber 

samples and visual counts revealed a distinct contrast in sampling methods. 

Surber sample estimates drastically underestimated D. gilvipes densities from 

the visual counts (Figures 3.5 & 3.6). The Surber sample estimates also failed to 

reflect similar trends in site densities when compared to the visual counts. 
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These findings suggest that methodologies for determining abundance of large, 

grazing benthic macroinvertebrates may require re-evaluation. We propose that 

a combination of methodologies may provide more accurate estimations of the 

benthic community for those studies utilizing biomonitoring. 

1995 patterns in total benthic and EPT taxa estimated densities were not 

significantly related to primary production nor average velocity. Patterns from 

both years also indicated no significant relationship to active channel width nor 

chlorophyll a biomass. Such findings were not unexpected considering both 

diversity of taxa and number of functional feeding groups comprising the benthic 

community. Nevertheless these results, particularly the EPT taxa, tend to 

support the recreational disturbance hypothesis. 

Potential Flood Impacts 

Average densities of benthic macroinvertebrates in 1996 were much lower 

than 1995 values in the months of May and June. However, by July 1996 the 

average densities had not only recovered to 1995 levels, but surpassed them 

(Figure 3.9). This suggests recovery of benthic abundance from the flood 

occurred on the scale of one or two generations, however future research is 

required for verification. Overall, there was no significant evidence of a flood 

effect indicated by the year variable within the multiple regression models. The 

reason for a lack of an overall yearly trend may be a response to the benthic 

community's apparent recovery in July 1996, exceeding the previous year's 

densities. This recovery of the total benthic community was a stark contrast to 
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the apparent lack of recovery by D. gilvipes throughout 1996 (Chapter 2). Such 

contrast implies that D. gilvipes responds to disturbances at different temporal 

and spatial scales than the benthic invertebrate community as a whole. 

With regard to taxa comparisons between the two years, there was a 

decrease in taxa richness from 1995 to 1996. However, those taxa represented 

in 1995 and not in 1996 comprised only 1.2% of the total abundance from 1995. 

Taxa representing roughly 99% of the total abundance from each year were 

present in both years. There was a highly significant relationship between the 

proportional representation of each taxa from both years, suggesting both 

composition and relative abundance of the benthic community were similar 

between the two years. 

These findings indicated that the benthic community in Quartzville Creek 

was not severely impacted by a major flood event. Instead, the effect of 1996 

flood was limited in time to reductions of total abundance during the months of 

May and June. Resh et al. (1988) defined disturbance as 'any relatively discrete 

event in time that is characterized by a frequency, intensity, and severity outside 

a predictable range, and that disrupts ecosystem, community, or population 

structure and changes resources or the physical environment'. Hendricks et al. 

(1995) suggested that this definition must be tempered by the spatial and 

temporal scales at which the disturbance occurred as outlined by Connell and 

Sousa (1983). Because decreased abundance in May and June occurred 

throughout the study area, we concluded that the 1996 flood was defined as a 

disturbance in the short term. However, because benthic invertebrate 
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populations may fluctuate following a severe disturbance event (Lamberti et al. 

1991), further research may be needed to verify this conclusion. 

Conclusions 

This study examined impacts of both recreational use and a major flood 

event on benthic macroinvertebrates in a scenic waterway. Through 

methodology and statistical analyses, multiple confounding variables were 

accounted for to reduce bias in observed trends. There was evidence that 

recreational use reduced densities of EPT taxa after accounting for habitat, 

substrate, depth, width, velocity, incoming solar radiation, chlorophyll a biomass 

and primary production. There was no evidence that total benthic densities were 

impacted by recreational use after accounting for the above variables. 

Effects of a major flood on the benthic community were reduced 

abundance and a decrease in taxa richness. However, these effects had a 

temporary impact on the benthic community as a whole. Both taxa composition 

and relative abundance remained consistent between the two years though 

benthic abundance was reduced initially in late spring of 1996. In general, the 

flood of 1996 was a short term disturbance on the benthic community of 

Quartzville Creek. 



105 

IV. RELATIONSHIPS BETWEEN HARLEQUIN DUCKS, Histrionicus 
histrionicus, AND THE BENTHIC COMMUNITY OF QUARTZVILLE CREEK, 

OREGON 

Introduction 

This study examined the impacts of recreational use on multiple trophic 

levels in Quartzville Creek, Oregon throughout the summers of 1995 and 1996. 

This chapter focuses on how harlequin ducks (Histrionicus histrionicus) were 

impacted by recreation and also how the ducks were related to associated food 

web components and physical site characteristics. Incorporation of harlequins to 

the project was the final component in this study of a small food web. Studies 

have examined the breeding habits of harlequins (e.g. Bengtson & Ulfstrand 

1971, Crowley 1993, Jarvis & Bruner 1994), however responses of the ducks to 

recreational use, food resources or instream habitat are undetermined. 

Quartzville Creek in Linn County, Oregon was designated a National Wild 

and Scenic River in 1988. Located in the western slopes of the Cascade 

Mountains (Figure 2.1, Chapter 2), Quartzville Creek is a sixth order stream 

which provides a variety of recreational activities, from recreational gold mining 

and camping to the simple viewing and appreciation of wildlife. The area's 

increasing popularity has thrust greater demands upon managers to provide 

facilities that accommodate both human activities and the survival of the natural 

resources that enhance those activities. 

At present, 70 percent of camping occurs at undeveloped roadside sites 

within 100 feet of the river (Eccles & Graves 1992). The effects of roadside 
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camping on the ecology of a river are unknown, perhaps due to the complexity of 

potential impacts from camping activities. Roadside camping in this system 

allows immediate access to the stream for such activities as fishing, swimming, 

tubing/rafting, bathing and recreational gold mining. Recreational mining on 

Quartzville Creek includes both panning and portable, suction-dredging, and is 

prevalent throughout the summer months. Because recreational mining and 

roadside camping are currently the most popular forms of recreation on 

Quartzville Creek, this study focused on possible impacts from both of these 

activities. It is important to note that camping and mining are frequently 

associated with each other on Quartzville Creek, thus distinguishing between 

various recreational impacts for the purpose of this study was not practical. 

This study focused on a 2.5km stretch of Quartzville Creek designated as 

the Recreational Corridor (Figure 2.2 Chapter 2). The corridor supported an 

estimated 64,800 and 61,600 visitors in 1994 and 1995 respectively (Laura 

Graves, Bureau of Land Management, Salem, Oregon). This corridor also has 

the highest concentration of recreational camping and mining along the stream 

throughout the summer months. 

Harlequins 

For the Cascade mountains, Quartzville Creek sustains a large summer 

population of harlequin ducks (40 individuals in 1994) (Jarvis & Bruner 1994); 

these ducks are a listed sensitive game species in the state of Oregon. 

Harlequins are typically an intertidal waterfowl throughout most of the year; in 
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late April-early May, the ducks fly to interior mountain streams to breed and raise 

their broods. Males fly back to the ocean in late May-early June, leaving the hen 

behind to incubate eggs and raise the young. The young typically fledge 

throughout August and fly back to the coastline for the remainder of the year. 

Although little is known about harlequin feeding behavior (Cassirer & 

Groves 1991, Gardarsson & Einarsson 1994), it has been reported that harlequin 

distribution in Icelandic streams is dependent on available food resources 

(Bengston & Ulfstrand 1971, Gardarsson & Einarsson 1994). Past observations 

by project members from Quartzville Creek determined that harlequin females 

and broods feed on aquatic insects, primarily the limnephilid caddisfly 

Dicosmoecus gilvipes. Related studies presented in Chapter 2 indicated D. 

gilvipes densities are negatively associated with human use, suggesting that 

harlequin distribution may be affected by recreation through reduced food 

availability. Because there are both abundant caddisflies and unusually high 

numbers of Harlequin ducks at Quartzville Creek, this was an excellent 

opportunity to study components of this food chain. 

Objectives 

There were four primary objectives of this study: (1) verify feeding by 

harlequins on D. gilvipes; (2) examine temporal and spatial relationships 

between harlequin distribution and D. gilvipes abundance; (3) examine 

relationships between harlequins and total benthic macroinvertebrate 
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abundance; and (4) establish characteristics of instream habitat use by 

harlequins. 

In a comparison of sites with varying degrees of human use in 1995, we 

expected to see differences in harlequin duck use. It was predicted that use of 

the various sites by harlequins would vary with food availability (i.e. D. gilvipes 

abundance) and human activity. Sites with low human use and high caddisfly 

densities were expected to reflect the most use by harlequins, whereas, sites 

with high human use and low caddisfly densities were expected to have minimal 

use by harlequins. 

Although this study involved two consecutive years of research, there was 

a significant difference between 1995 and 1996. In February 1996, a major flood 

event limited public access during the summer of 1996, and provided an 

opportunity to study the system with and without human recreation. In 

comparisons between 1995 (with humans) and 1996 (without humans ), it was 

expected that in 1996 there would be no significant correlation between 

harlequin distribution and sites with regard to the human use patterns from 1995. 

Effects of the flood on harlequin distribution and behavior also were examined. 

Because a combination of biotic and abiotic factors often determine an 

organism's distribution, it was appropriate to expand this project to incorporate 

abiotic factors as well. To determine relationships between harlequin distribution 

and instream habitat, physical components of the study area were examined in 

both years. This examination of physical characteristics extended the scope of 
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relationships between harlequins and habitat beyond the spatial scale of 

individual sites. 

Methods 

Site selection was outlined in Chapter 2. In 1995, nine study sites were 

chosen covering a spectrum of recreational use ranging from heavy mining and 

frequent camping to having neither mining nor camping use (Figure 2.2, Chapter 

2). Sites 1, 3, 4 and 5 were classified as 'heavy use' with both mining and 

camping frequently occurring with immediate river access. Site 9 had 

`intermediate use' and site 2 was classified as a low use' site. Sites 6, 7 & 8 

were `minimal/no use' sites with difficult access and no areas for camping. 

All sites were 50 meters in river length and were selected to be as 

hydraulically and geomorphically similar as possible. Sampling was conducted 

from mid-May through July during both years to coincide with the presence of 

larval caddisflies, harlequin duck residency, and the period of greatest human 

activity in 1995 (Table 2.1, Chapter 2). 

Verification of harlequin diet was conducted by fecal analyses in 1995. A 

total of sixteen feces were collected and examined. Ten feces were collected on 

July 11 by following an adult female with five chicks as they moved throughout 

the study area. The ducks would feed for a short period of time before crawling 

onto a rock outcrop to defecate, preen and rest. After the ducks had moved on, 

feces were collected. The remaining six samples were collected throughout the 

summer of 1995 from locations known to have been repeatedly used by 
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harlequins to rest after feeding. The samples were stored in 95% alcohol and 

examined under a dissecting microscope in the lab. Contents were identified by 

inspection of undigested head capsules, legs and caddisfly case materials. 

Percent estimates of diet content were made through visual inspection. 

In both years, visual observations of Harlequin ducks within the study sites 

were recorded before and during caddisfly sampling on all sample dates (Table 

2.1, Chapter 2). An observation, defined by this project, was visual identification 

of a harlequin duck at a particular location. Upon sighting, the following items 

were recorded for a given observation: (1) location; (2) number of ducks; (3) 

sex; (4) number of chicks present; (5) time of sighting; (6) noticeable behavior(s); 

and (7) immediate habitat characteristics. Throughout the study, we did not 

distinguish individual ducks nor did we note repeated observations of the same 

individual. 

In 1995, observations and records from the continuing harlequin duck 

research project by Dr. R. Jarvis and H. Bruner (Oregon State University, 

Department of Fisheries & Wildlife), and the ongoing harlequin surveys of B.L.M. 

Salem District's Steve Dowlan also were used to determine locations of ducks. 

As part of the former study, harlequin ducks were tracked by radio telemetry, 

allowing duck locations to be recorded without the immediate presence of 

humans. 

During 1995, harlequin activity time budgets were recorded by 

Schoonheim and Arnheim (1995). In 1996, we surveyed ducks throughout the 

study area on the day following each caddisfly count; observations and basic 
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time budgets were recorded for those ducks that were located. Time budgets 

conducted by this project were less intensive than those of Schoonheim and 

Arnheim (1995), yet involved similar definitions of duck behaviors. After 

recording observational data, located harlequins were tracked from along the 

stream edge and times were recorded whenever the ducks changed behavior. 

Recorded behaviors were feeding, swimming (only), loafing, and preening. Also 

recorded with each behavior was dominant stream habitat and substrate (see 

methods, Chapter 2). Time budget records averaged twenty five minutes, but 

ranged from five minutes to two hours (when possible). 

To examine spatial relationships between distribution of harlequins and 

stream invertebrates in Quartzville Creek, the number of duck observations 

within each study site were compared to estimated mean site densities of D. 

gilvipes, total benthic and EPT taxa (see methods, Chapters 2 & 3). Temporal 

relationships between harlequins and D. gilvipes were established by comparing 

times of harlequin arrival at Quartzville Creek, presence of lone females and 

brood development to D. gilvipes instar maturation. Life history patterns of D. 

gilvipes for each year were recorded during visual observations (Chapter 2). 

Relationships between harlequin distribution and instream habitatwere 

established by comparing number of duck observations and physical habitat 

characteristics measured at all sites. The physical characteristics included 

instream habitat, substrate size, average site depth, stream velocity and solar 

radiation. Habitat type, substrate size and stream depth were determined at the 

same time caddisfly counts were made (Chapter 2). In 1995, mean site stream 
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velocity was measured monthly using a digital flow meter held 1 inch off the 

stream bottom at ten random locations within each site. Incoming solar radiation 

at each site (calculated using a Solar Pathfinder) was measured in late July 

1995. 

Statistical Analyses 

Regression was used to examine relationships between harlequin 

observations and estimated means of D. gilvipes densities (Chapter 2), 

estimated means of benthic macroinvertebrate densities (Chapter 3), 

percentages of habitats and substrates, average depth and stream velocity at all 

sites. Estimated mean densities of the invertebrates were calculated from the 

raw data using multiple regression. The multiple regression models were used 

to account for bias regarding site differences in physical characteristics. All 

analyses were performed using Statgraphics Plus software on IBM-compatible 

personal computers. Significance throughout all statistical analyses was 

indicated at the 95% (p-values < 0.05) confidence level. 

Results 

Temporally, harlequins and D. gilvipes appear highly correlated. In 

general, the ducks arrive in early May when D. gilvipes are developing from 

second to third instars (Figures 4.1, 4.2, 4.3, & 4.4). Late in the summer (late 

July, early August) harlequin broods fledge, leaving the stream at the same time 

fifth instar D. gilvipes are beginning prepupation by sealing themselves to the 

underside of rocks. During both years, the times when males were present and 
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Figure 4.1. Percent of harlequin duck males, females paired with males, solo
 
females and females with broods observed each week in 1995 (M = May,
 

JN = June, JY = July).
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Figure 4.2. Percent of harlequin duck males, females paired with males, solo
 
females and females with broods observed each week in 1996 (M = May,
 

JN = June, JY = July).
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Figure 4.3. Relative abundance of larval Dicosmoecus gilvipes instars counted 
on each sample date in 1995. 
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Figure 4.4. Relative abundance of larval Dicosmoecus gilvipes instars counted 
on each sample date in 1996. 
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the periods of male-female pairing were similar. However, in 1995 females with 

broods were recorded within the third week of June which corresponds with the 

predominance of fourth and fifth instar D. gilvipes on June 20 (Figures 4.1 & 4.3). 

This trend was repeated in 1996, except development of broods and caddisflies 

began later in the season (Figures 4.2 & 4.4). 

The most observations of harlequins for either 1995 or 1996 occurred at 

high human use site 4 (10 in 1995 and 15 in 1996) (Figure 4.5). High human 

use site 3 had the third most observations (6) in 1995 and the second most 

observations (12) in 1996. Low use site 2 had the second most observations in 

1995 (8) but in 1996 there were only 2 observations recorded. Note, higher 

numbers of observations in 1996 than in 1995 does not mean the number of 

individual harlequin ducks on Quartzville Creek increased in 1996. In fact, based 

on estimates from B.L.M.'s Steve Dowlan, in 1995 there were 7 females with 

broods compared to 3 in 1996. 

There was only one instream physical characteristic that was related to 

harlequin observations. Occurrence of harlequins were positively associated 

with percent bedrock (p-value = 0.008, adj. R-square = 31.68) (Figure 4.6). All 

other comparisons of harlequins to site characteristics had p-values greater than 

0.10. 

Fecal analyses from 1995 verified previous observations of harlequins 

foraging heavily on D. gilvipes. Of the 16 samples, 12 were identified as being 

100 percent D. gilvipes material. The remaining four samples also contained 
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Figure 4.5. Number of recorded harlequin duck observations at each site from 
1995 (n = 42) and 1996 (n = 66). 
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Figure 4.6. Relationship between the number of harlequin duck observations at 
a site and the percent of bedrock substrate within that site. 
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more than 85% of D. gilvipes material; however, some mayflies (Ephemeroptera) 

and stoneflies (Plecoptera) also were consumed. 

Comparisons of annual numbers of harlequin observations at each site to 

annual estimated site means of D. gilvipes, total benthics and EPT taxa revealed 

no significant relationships between harlequins and either D. gilvipes or EPT taxa 

densities (p-values = 0.24 and 0.08, adj. R-squares = 2.68 and 13.27 

respectively). However, there was a positive relationship between number of 

duck observations and total benthic densities (p-value = 0.041, adj. R-square = 

18.778). 

Foraging behavior changed between 1995 and 1996. In 1995, harlequins 

spent 38% of their budget foraging (Schoonheim & Arnheim 1995), compared to 

an estimated 49% in 1996 (Table 4.1). Observations from 1996 revealed 

harlequins were foraging primarily in riffle habitats over bedrock substrates 

(Table 4.2). It also should be noted that in 1996 we observed harlequins in 

Quartzville Creek ingest fish. This behavior had not been previously 

documented. 

Discussion 

Comparisons between harlequin ducks and the caddisfly D. gilvipes 

across spatial and temporal scales revealed a potential dependence of the 

Quartzville Creek population of harlequins on D. gilvipes. This relationship was 

evident primarily at large temporal and spatial scales (i.e. annual and reach). 

Smaller (i.e. site) scale relationships were not evident, suggesting the spatial 
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Table 4.1. Comparison of harlequin duck time budgets from 1995 (Schoonheim 
& Arnheim 1995) and 1996. 
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Table 4.1 

Behavior Percent of Time 

1995* 1996** 
Feeding 38% 49% 

Resting (a) 8% 
Sleeping (a) 14% 
Loafing (b) 23% 

Swimming 23% 23% 

Comfort (a) 
Preening (b) 

15% 
5% 

(a) = Schoonheim & Amheim (1995)	 *Based on 513 minutes of observations. 
(b) = Harlequin Surveys (1996)	 Total does not equal 100% because 

only comparable behaviors are shown. 

"Based on 593 minutes of observation 
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Table 4.2. Percent of time habitat types and substrates were represented in 
1996 harlequin duck time budgets (n = 46 individual observations). 
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Table 4.2 

Habitats Percent of Time 

Backwater 11% 
Glide 26% 
Pool 11% 
Riffle 52% 

Substrates 

Bedrock 66% 
Small Boulder 2% 

Cobble 23% 
Gravel 9% 
Sand 0% 
Silt 0% 

Based on 593 minutes from 46 observations 
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scale of individual sites may have reduced the ability to make inferences 

regarding harlequin distribution. However, these findings also suggest that 

management of areas with harlequin ducks must focus beyond the site level to 

larger scales. 

Based on site frequencies of harlequin duck observations, instream 

distribution of the ducks at Quartzville Creek was not determined by human 

activities. A majority of observations were recorded in high human use sites 3 

and 4 during both years. A similarity of patterns between the two years suggests 

the presence of humans was not a deterrent regarding distribution in 1995. This 

is a stark contrast to the popular belief that harlequins prefer seclusion and avoid 

humans. Though our 1995 data suggests dependence of harlequins on D. 

gilvipes, harlequin observations were not related to densities of D. gilvipes. 

Based on our information, harlequin distribution at the site scale did not appear 

to be determined by food availability, nor were ducks indirectly influenced by 

human use through disturbance of their primary diet item. 

After testing multiple factors, number of harlequin observations was found 

to be significantly related to both total benthic densities and percent bedrock. 

However, the relationship to benthic densities appears coincidental because: (1) 

fecal analyses do not suggest a wide diet breadth and (2) statistical significance 

of the relationship is questionable due to a low explanation of variance (R

squared value of 18.77). 

In contrast, the strong relationship to bedrock suggests harlequins on 

Quartzville Creek were selecting foraging areas based upon physical site 
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characteristics instead of food availability. Bedrock substrate would be an ideal 

characteristic for selecting a foraging site for many reasons: (1) it is easily 

viewed from above; (2) a light color provides a stark contrast to invertebrates, 

particularly cases of D. gilvipes; (3) an absence of finer particulates would result 

in more efficient feeding; (4) relatively laminar flow increases visibility; and (5) 

lack of substrate complexity reduces invertebrate refuges. 

Accessibility and associated habitat characteristics of bedrock also make 

invertebrates vulnerable to physical disturbance from human recreational 

activities. Thus, it may be presumed that recreational disturbance within areas 

containing a large percentage of bedrock could indirectly affect harlequin 

productivity by limiting potential food resources. The paucity of evidence 

regarding this hypothesis emphasizes the need for further research regarding 

harlequin ducks. 

Despite the lack of a direct spatial relationship between harlequins and 

densities of D. gilvipes, there are many revealing temporal correlations between 

the organisms on Quartzville Creek. Presence of the ducks and availability of 

the caddisflies within the corridor are simultaneous. Time of brood hatching and 

maturation of D. gilvipes from the third instar to the larger bodied fourth instar 

also occur similarly in time. Presumably the fourth instar caddisflies would 

provide a valuable food item to the ducks because of relatively high caloric value. 

The dramatic decrease in duck numbers from 1995 to 1996 also correlates with 

a decline in D. gilvipes densities within the same time frame (see Figure 2.3 

Chapter 2). There are many potential reasons for the decline in harlequin 
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numbers (e.g. reduced D. gilvipes and macroinvertebrate abundance, high 

winter mortality, habitat in and around Quartzville Creek had become unsuitable 

for harlequins, etc.), however it has not been determined why harlequin numbers 

decreased. The above trends may be coincidence, nevertheless they are trends 

that should not be overlooked and require further investigation. Quartzville 

Creek may provide a unique opportunity to study a potentially localized trophic 

relationship between harlequins and D. gilvipes 

Harlequins appeared to have been affected by the flood in many ways. In 

addition to reduced numbers, harlequin behaviors also changed. Estimated 

foraging time increased to nearly 50% of their time budget in 1996. Presumably, 

this increase in foraging effort was a response to fewer available 

macroinvertebrates, primarily D. gilvipes. Finally, harlequins in 1996 appeared to 

delay brood hatching in correlation to the delayed maturation of D. gilvipes. 

Apparent flood impacts occurred at large spatial and temporal scales, further 

emphasizing the importance of scale when determining disturbance impacts. 

Conclusions 

These results provided valuable evidence toward the examination of 

recreational impacts and flood effects on a small food web. Harlequin ducks 

indicated no direct relationship to human use patterns. However there is 

suggestive evidence the ducks may be indirectly impacted with regard to food 

availability at preferred foraging areas based on physical habitat characteristics. 

Finally, this study developed many questions regarding harlequin ducks that 
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require further research. Until such research is completed, management of 

areas with harlequins present will be unfortunately inadequate and incomplete. 
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V. SUMMARY 

This study examined impacts of recreational use on a small food web in 

Quartzville Creek, Oregon. Sampling methodologies and statistical analyses 

were developed that accounted for potentially confounding variables and that 

distinguished between impacts of recreation and impacts from a major flood. In 

addition, this study also provided evidence regarding the spatial and temporal 

scales at which these disturbances occurred. Finally, this study examined the 

spatial and temporal relationships among components of the small food web. 

In Chapter 2, we found there was significant evidence that recreational 

use reduced densities of the caddisfly D. gilvipes after accounting for habitat, 

substrate, depth, width, velocity, incoming solar radiation, chlorophyll a biomass 

and primary production. In 1995 with humans present, there were significantly 

higher densities of D. gilvipes at no/minimal use sites than at low, intermediate 

and high use sites. In 1996 without humans present, there was no significant 

difference among the sites after accounting for effects from a major flood event. 

Effects of the flood included changes in site habitat characteristics, reduced 

overall chlorophyll a biomass and reduced overall D. gilvipes densities. 

In Chapter 3, evidence was found that recreational use reduced densities 

of EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa after accounting for 

habitat, substrate, depth, width, velocity, incoming solar radiation, chlorophyll a 

biomass and primary production. There was no evidence that total benthic 

densities were impacted by recreational use. Effects of a major flood were 
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witnessed in the benthic community through reduced abundance following the 

flood and a decrease in taxa richness in 1996. However, these effects were not 

deemed to have had a significant impact on the benthic community as a whole. 

Both taxa composition and relative abundance remained consistent between the 

two years. 

In Chapter 4, harlequin ducks indicated no direct relationship to human 

use patterns. However there was suggestive evidence the ducks may be 

indirectly impacted with regard to food availability within popular foraging areas. 

Distribution of harlequin observations reflected a strong relationship to bedrock 

substrate. At a larger scale, life histories of harlequins and D. gilvipes appeared 

to be highly correlated in Quartzville Creek. With regard to potential flood 

impacts on the ducks, we found both reduced numbers and increased foraging 

efforts. 

Differences between the impacts of recreation and those of a major flood, 

were observed at both temporal and spatial scales. Recreational use was 

witnessed at the seasonal and site scales, whereas flood impacts appeared to 

be at annual and reach scales. These findings suggest that management of 

recreational waterways must incorporate responses of organisms at multiple 

scales. On Quartzville Creek, undeveloped camping sites have created many 

sections of stream which are subjected to intense recreational use. These areas 

directly impact the benthic community, a valuable resource for wildlife. Although 

harlequins did not appear directly impacted by humans, there may be an indirect 

impact from reduced food availability at particular sites. 
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Based on these findings, restricting all use of the river is neither a 

practical nor necessary management tool for Quartzville Creek. Instead, I would 

suggest concentrating the camping sites to designated areas along the river, 

allowing for more areas of stream without camping impacts. By doing so, 

humans and wildlife will both continue to benefit from this National Wild and 

Scenic River. 
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