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The morphology and ecological importance of habitats

associated with the margin of third-order stream channels in

the Oregon Cascades were studied in streams in three

different riparian types: 450-year-old conifers, 40-year-old

alder, and an open, herbaceous-dominated clearcut. Margins,

backwaters, and side channels in streams create important

habitat for fry of cutthroat trout (Salmo clarki clarki) and

support benthic invertebrate assemblages of high density and

distinctive composition. These lateral habitats are

characterized by slow, shallow water, heterogeneous size

distribution of substrates, abundant detritus, and by

hydraulic and morphologic persistence.

In the study reaches, area of lateral habitat was

maximum in early summer, averaging 15 percent of total

stream area. The amount of lateral habitat decreased with

either lower or higher flows. During a 1-yr period, lateral

habitats in the coniferous site changed the least. The

volume and hydraulic characteristics of individual lateral

habitats were functions of the morphology of the structures



that formed the habitat and the orientation and location of

the habitat relative to the central axis of the stream.

Large woody debris and large boulders created lateral

habitats that were larger, had longer hydrologic residence

times, and were more persistent when streamflow changed than

lateral habitats formed by small boulders and cobble.

Stream margins and backwaters were major sites of

detritus storage. Average detritus standing crop in

backwaters and stream margins was 5 to 15 times greater than

standing crops in riffles or pools in the same stream.

Detritus at the coniferous reach had higher organic matter

content and a greater percentage of lignin than detritus at

the deciduous reach. Detritus at the open reach was much

lower in organic matter content, but the ratio of cellulose

to lignin was greater than in the forested reaches. The

activity of microbial assemblages associated with fine

detritus was generally highest at the open reach. Average

standing crop of chlorophyll a was highest at the open site.

The abundance and quality of nutritional resources in

lateral habitats were reflected in the associated

invertebrate communities. High densities of chironomids,

early instar Ephemeroptera and Plecoptera, oligochaetes, and

micro-crustacea were found in stream margins and backwaters

at each site. Mean invertebrate density in lateral habitats

was similar in the coniferous (66,500 individuals/m2) and

open (75,000 individuals/m2) reaches, but lower at the

deciduous site (24,000 individuals/m2). Collector-gatherer,



shredder, and predator functional feeding groups were well

represented at each site. Differences in functional group

organization between reaches were primarily related to

increased numbers of herbivorous collector-gatherers at the

open site and a greater relative abundance of shredders at

the deciduous site.

Cutthroat trout fry populations were directly linked to

the length of stream edge and the area of lateral habitat.

Fry occupy lateral habitats immediately after emergence and

may not move from lateral habitats until the end of their

first summer. In an experimental manipulation of nine

stream reaches, increasing lateral habitat prior to fry

emergence resulted in 2.5 times higher fry density than in

control reaches and reducing lateral habitat virtually

eliminated fry populations. Cutthroat trout in headwater

streams continue to use lateral habitats throughout their

life cycle as refuge for all age classes during high

streamflow and by adult trout as spawning areas.



ECOLOGY OF AQUATIC HABITATS ASSOCIATED WITH STREAM MARGINS

by

Kelly M.S. Moore

A THESIS

submitted to

Oregon State University

in partial fulfillment of

the requirements for the

degree of

Master of Science

Completed February 12, 1987

Commencement June 1987



APPROVED:

Redacted for Privacy
Professor of Fisherieg,_ynd Wildlife( crge of major

Redacted for Privacy

Head of department of Fisheries and Wildlife

Redacted for Privacy

Dean of Gradua e School 6

Date thesis is presented February 12, 1987



ACKNOWLEDGEMENTS

I wish to thank my major professor, Stan Gregory, for

his interest and the ideas that started this study, his

advice and assistance in field work, his flexibility and

encouragement in allowing me to indulge my interest in

peripheral topics, and his patience and persistence with

respect to the completion of this thesis. Jim Hall and Fred

Swanson, members of my graduate committee, made numerous

thoughtful and constructive comments on earlier versions of

this thesis and their help is sincerely appreciated. Ron

Purcell assisted with many aspects of field work and

deserves particular thanks for helping to census fry

populations. Friends and colleagues who either helped

directly with this study or who provided important

encouragement included Karan Fairchild, Linda Roberts, Jim

Sedell, Bob Speaker, and Randy Wildman. Finally, I

especially want to thank Ann Moore, for continued support

and understanding throughout all aspects of this study.



TABLE OF CONTENTS

CHAPTER I: GENERAL INTRODUCTION 1

CHAPTER II: BENTHIC ECOLOGY OF LATERAL HABITATS 3

INTRODUCTION 3

Study Sites 8

METHODS 12
Mapping of Hydraulic Features and Channel
Structure 12
Detrital Respiration and Composition 12
Chlorophyll Standing Crop 13
Benthic Invertebrates 14

RESULTS 15
Inorganic Substrates 15
Organic Substrates-Detritus 19
Detritus Organic Matter Content and

Respiration 21
Algal Standing Crop 23
Invertebrate Assemblages 25
Habitat Differences in Invertebrate

Assemblages 28
Riparian Influence on Invertebrate

Assemblages 32
Meiofauna of Lateral Habitats 37

DISCUSSION 38
Substrate Composition 38
Detritus Standing Crop 40
Algal Standing Crop 42
Detritus Quality 43

Invertebrates 46

CHAPTER III: ECOLOGY OF CUTTHROAT TROUT FRY IN
CASCADE MOUNTAIN STREAMS 51

INTRODUCTION 51

Stream Habitat Definitions 52

Study Sites 56

METHODS 59

Observations of Trout Fry 59

Benthic Invertebrates and Feeding Behavior
of Fry 60

Manipulation of Lateral Habitat 61



TABLE OF CONTENTS (continued)

RESULTS 63
Fry Populations in the Riparian Study Reaches 63
Fry Growth 65
Habitat Utilization 70
Fry Behavior and Changes in Focal Point

Parameters 71
Substrate, Temperature, and Invertebrate

Food in Lateral Habitats 82
Feeding Behavior and Diet of Fry 91
Interactive Behavior of Fry 95
Habitat Distribution and Persistence. 97
Experimental Manipulation of Lateral Habitat 100

DISCUSSION 105
Habitat Utilization 105
Habitat Characteristics 107
Riparian Influence on Fry Populations 108
Habitat Complexity 111

CHAPTER IV: SUMMARY 115

LITERATURE CITED 119



LIST OF FIGURES

Figure Page

11.1. Distribution of stream habitats in a
hypothetical reach. 5

11.2. Typical structure of stream margin and
backwater habitats. 6

11.3. Valley floor surfaces at the three riparian
sites. 11

11.4. Substrate size distribution in lateral
habitats. 18

11.5. Detritus standing crops in habitats at each
of the riparian reaches. 20

11.6. Standing crop of chlorophyll a on substrates
in lateral habitats. 24

11.7. Abundance of benthic invertebrates in lateral
habitats at each of the riparian reaches. 26

111.1. Habitat structure of a hypothetical stream
reach. 54

111.2. Distribution of large woody debris in the
active channel of the three riparian reaches. 58

111.3. Channel structure and habitat distribution in
control, increased lateral habitat, and
reduced lateral habitat sections of the
manipulation reach. 62

111.4. Fry length from June to October 1983 in the
coniferous, deciduous, and open reaches. 66

111.5. Fry length versus accumulation of temperature
degree days in the riparian study reaches. 67

111.6. Fry length-frequency distributions from the
October, 1983 census. 69

111.7. Seasonal changes in habitat use and habitat
specific lengths of fry. 72

111.8. Stream depth at focal position of fry during
June-September, 1983. 77



LIST OF FIGURES (continued)

Figure Page

111.9. Stream depth at focal position versus average
length of fry. 78

111.10. Fry length and focal point depth at the
deciduous reach. 79

111.11. Distance to nearest refuge versus average
fry length. 81

111.12. Distance from focal position to nearest
stream edge. 83

111.13. Fry length and distance from focal position
to nearest stream edge 84

111.14. Fry length and distance to nearest stream
edge at the deciduous reach. 85

111.15. Substrate composition and utilization by fry
at each of the riparian reaches. 87

111.16. Abundance of benthic invertebrates in lateral
habitats at each of the riparian sites 90

111.17. Chironomid larvae in the diet of cutthroat fry. 96

111.18. Effect of streamflow on the area of lateral
habitats in each of the riparian reaches. 99

111.19. Number of fry in control, increased lateral
habitat, and reduced lateral habitat
treatments on successive observations at the
manipulation reach in summer of 1983. 102



LIST OF TABLES

Table Page

11.1. Watershed characteristics of the study streams. 9

11.2. Habitat area in 100-m reaches of the study
streams during the summer. 10

11.3. Substrate composition of the wetted channels
in summer. 16

11.4. Proportion of lateral habitats associated
with different size classes of substrate. 17

11.5. Microbial respiration, cellulose, lignin, and
organic matter content of detrital FPOM. 22

11.6. Insect functional feeding group density in
lateral habitats. 29

11.7. Functional group distribution (percent) in
stream margins and backwaters. 29

11.8. Comparison of the density of invertebrates
in stream margins and backwaters. 31

11.9. Functional feeding groups of macro-
invertebrates in riparian study reaches. 33

11.10. Lateral habitat invertebrate densities at
deciduous, coniferous and open sites. 35

111.1. Physical characteristics of the study streams. 57

111.2. Number of fry observed in 100-m reaches of
each riparian site in 1983. 64

111.3. Cutthroat trout fry density in 100m riparian
study reaches in summer 1983. 65

111.4. Condition factor and length-weight regression
values from October fry census. 68

111.5. Diet of cutthroat trout fry. 94

111.6. Area and relative distribution of habitats
in 100-m sections of the study reaches. 98

111.7. Habitat area and distribution in the habitat
manipulation reach. 101



LIST OF TABLES (continued)

Table

111.8. Cutthroat trout fry population density in
the habitat manipulation stream.

Page

103



ECOLOGY OF AQUATIC HABITATS ASSOCIATED WITH STREAM MARGINS

CHAPTER I: GENERAL INTRODUCTION

From a functional perspective of riparian zones,

habitat for aquatic biota is linked to the influences of

terrestrial vegetation on channel structure, energy inputs,

and retention of nutritional resources and sediments.

Riparian vegetation, in turn, develops in successional

seres that are influenced by valley floor geomorphic

processes and disturbance history.

The investigation of riparian influence on stream

ecosystems was conducted in small streams in the Cascade

Mountains of Oregon. Conspicuous features of these streams

include areas of slow, shallow water along the stream

margin and backwater pools and side channels displaced

laterally from the main flow. These areas, called lateral

habitats, exist in sharp contrast to the rapidly flowing

cascades, riffles, and pools characteristic of the main

channel. Lateral habitats are created by large woody

debris, roots, and aggregations of boulders and cobble.

Lateral habitats store abundant detritus and create aquatic

habitat for invertebrates and fish.

Although the importance of lateral habitats in the

early life history of stream fish has been generally

accepted (Chapman 1966, Bustard and Narver 1975, Sedell et

al. 1984), there has been no investigation of the habitat

structure, hydraulics, or benthic ecology of these

habitats. The purpose of this study is to describe the

physical and biological characteristics of lateral habitats

and to evaluate the influence of riparian vegetation on

lateral habitat structure and function.
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Lateral habitats have unique hydrologic character-

istics that influence the size distribution and quality of

substrate, storage and production of nutritional resources,

and development of consumer assemblages. Chapter II

describes patterns of sediment storage, detritus quality,

and invertebrate abundance and organization in lateral

habitats from the perspective of riparian influence on

stream metabolism.

Chapter III examines the connections between lateral

habitat structure and the population density of cutthroat

trout fry. Although the influence of riparian setting on

cutthroat trout has been extensively studied (Aho 1977,

Murphy 1979, Murphy et al. 1981, Wilzbach 1985), details of

habitat use by fry and the effects of riparian setting on

fry habitat structure have not been considered.

Information about the relationship between riparian

setting, lateral habitat structure, and the establishment

of cutthroat trout year classes could be applied to efforts

to enhance habitat for stream salmonids and to understand

the influence of land management practices on channel

structure and fish populations.
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CHAPTER II: BENTHIC ECOLOGY OF LATERAL HABITATS

INTRODUCTION

Habitat for aquatic organisms in stream ecosystems is

created by the combination of hydrologic features,

substrate composition, and retained nutritional resources

(Cummins and Lauff 1969, Rabeni and Minshall 1977, Culp and

Davies 1985). Stream habitat distribution and diversity

result from the interaction of hydrology and channel

structure, are modified by riparian vegetation, and are

influenced by geomorphic processes and disturbance history.

This study examines geomorphic and riparian influences on

aquatic habitats along the margins of stream channels and

investigates the influence of the hydrology of lateral

habitats on substrates, nutritional resources, and

invertebrate assemblages.

Geomorphic and hydraulic classification incorporates

all habitat types of the active channel and recognizes the

importance and identity of lateral habitats (stream margins

and backwaters) in addition to main channel pools and

riffles. Geomorphic studies of large, low gradient streams

have emphasized pools, riffles, and other mid-channel

habitat features (Leopold et al. 1964, Richards 1976) and

fisheries research has focused on the the biological

significance of pools and riffles as fish habitat and for

production of aquatic invertebrates (Chapman and Bjornn

1966, Mundie 1974, Binns and Eiserman 1979). The focus on

mid-channel features overlooks the importance of fluvial

and geomorphic processes that create secondary channels,

backwaters, and sloughs in rivers and create backwater,

stream margin, and side-channel habitats in streams.

In addition to stream habitats that are a minimum of

one channel width in length (channel unit features such as

pools, riffles, and cascades; Grant 1986), the active
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channel surface also includes side channels and lateral

habitats that are defined at the sub-unit scale (long axis

less than one channel width). Among these lateral habitats

are low velocity stream margins, backwaters, and off-

channel, isolated pools (Fig. II.1). Lateral habitats are

distinguished according to morphology, hydraulics, and

orientation to the main channel.

Stream margin habitat is defined as areas of shallow

water and low current velocity along the stream edge that

are structurally open to the main channel. The long axis

and general orientation of stream margins are parallel to

flow in the main channel. Structures that deflect flow

away from the bank create rapid transitions in velocity

between stream margins and the main channel. In the study

streams, we operationally defined stream margins as lateral

habitats with less than 4 cm/s in velocity and less than 20

cm in depth. This combination of depth and velocity

coincided with velocity transitions that frequently occur

between stream margins and riffles in third-order streams

in the Cascade Mountains. This depth was also used

arbitrarily to distinguish between stream margin habitat

and slow water areas in adjacent main channel pools.

Hydrologic exchange between stream margins and the main

flow is reduced by the structures that deflect flow. The

movement of flow within the habitat either may be parallel

to the main flow or an eddy.

Backwaters are also areas of slow moving water but are

further removed from the influence of the main channel than

stream margins (Fig. 11.2). Backwaters may either be

isolated pools (off-channel backwaters), or be connected to

the main flow through gaps in the boulders and/or wood that

provide structure to the habitat. It is the physical

constriction and limited connection to the main flow that

make backwaters different than stream margins. In

backwaters, the opening to the main flow is smaller than
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Figure 11.1. Distribution of stream habitats in a
hypothetical reach.
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Figure 11.2. Typical structure of stream margin (upper)
and backwater (lower) habitats. Wetted area
is shaded. Main flow is to the right, flow
direction is indicated by arrows. Boulders
are outlined.
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the long axis of the habitat. Because of low velocity and

the narrow connection between backwaters and the main

channel, hydrologic exchange between backwater and main

channel habitats is minimal.

Intragravel flow is the primary source of hydrologic

exchange in isolated pools. These off-channel backwaters

have the longest hydrologic residence time of any lateral

habitat. Structure of off-channel backwaters is variable,

but most become part of the main channel at high

streamflow.

Stream margin and backwater habitats include areas

that have been classified as alcoves, eddies, drop zones,

pockets, and off-channel pools (Salli 1974, Keller and

Swanson 1979, Cummins et al. 1980, Swanson and Lienkaemper

1981, Sedell et al. 1984). I will use the term lateral

habitat to collectively describe these habitat types and

will use the terms stream margin, backwater, and isolated

pool to describe specific types of lateral habitat.

Side channels include secondary channels parallel to

the main channel, overflow channels, and portions of

tributaries flowing across the active channel surface.

Side channels may include all channel unit features and

habitat sub unit types present in the main channel.

Because of their small size and greater protection from

high flow, side channels have a high proportion of lateral

habitat.

Cobbles, boulders, and wood are channel roughness

elements that form lateral habitats. The size of

structural elements and their position relative to the main

axis determine the hydraulic characteristics of lateral

habitats. Lateral habitats formed by cobble-sized

irregularities of the channel margin respond differently to

changes in streamflow than lateral habitats formed by large

boulders and woody debris. In general, the volume,

hydrologic residence time, and persistence of lateral

habitats increase with increased size of structural
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elements; and the largest volume, longest residence time,

and greatest persistence occur in lateral habitats

associated with large wood structure.

The physical and hydraulic characteristics of lateral

habitats create areas that are important in the retention,

storage, and processing of dissolved and particulate

organic matter (Bencala and Walters 1983, Speaker et al.

1984, Ward 1986). The nutritional resources of lateral

habitats support abundant and diverse invertebrate

communities that are characteristic of the energy inputs

and structure of the riparian setting. Although the

importance of lateral habitats to stream ecosystem function

has been increasingly recognized, particularly with respect

to production of fish (Mundie 1974, Bustard and Narver

1975, Gregory et al. 1987), characterization of the benthic

ecology of lateral habitats has received less attention.

The objectives of this study were to examine the function

of lateral habitats in the production, retention, and

processing of organic matter in streams and to determine

the influence of the riparian setting on these processes.

Study Sites

I investigated the benthic ecology and invertebrate

communities of habitats associated with channel margins in

third-order streams in or near the H. J. Andrews

Experimental Forest in the Cascade Mountains of Oregon.

Study reaches of were located in three streams in different

riparian types: a 450-yr-old coniferous stand at Mack

Creek, a 35-yr-old alder-dominated (Alnus rubra) deciduous

stand at Quartz Creek, and an open, herbaceous dominated

clearcut at Grasshopper Creek. Except for differences in

riparian vegetation, the study streams had similar physical

characteristics (Table II.1).

At the coniferous site, riparian vegetation was

dominated by Douglas-fir (Pseudotsuga menzieseii) and
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western hemlock (Tsuga heterophylla). The deciduous site

was clearcut in 1947 and red alder has formed a nearly

closed canopy over the stream channel. The open site was

clearcut in 1977 and riparian vegetation is dominated by

herbs such as colts-foot (Petasites frigidus) and fireweed

(Epilobium angustifolium) and shrubs such as willow (Salix

sitchensis).

Table II.1. Watershed characteristics of the study streams.

STREAM RIPARIAN ELEVATION DRAINAGE REACH ASPECT
VEGETATION (TO AREA(km2) GRADIENT(%)

Mack Coniferous 805 5.4 10.0 NNW

Quartz Deciduous 515 9.7 5.3 SSW

Grasshopper Open 880 7.6 10.0 NNE

The stream at the coniferous site was smaller than the

streams at either the deciduous or open reaches. The

stream at the coniferous site also had to smallest area in

pools and lateral habitat (Table 11.2). Coarse wood debris

derived from riparian vegetation is a major geomorphic

feature in the forested reaches that influences channel

structure and creates debris dams (Swanson and Lienkaemper

1978). Large organic debris is most abundant and most

evenly distributed at the coniferous site. Remnant debris

from the pre-existing coniferous stand is present at the

deciduous site, but redistribution during floods and the

lack of new inputs has created a clumped distribution of

woody debris. Coarse woody debris is largely absent from

the stream channel in the open site as a result of stream

cleaning after harvest (Fig. 11.3). About 60 percent of

the active channel area at the coniferous site is

influenced by woody debris. Forty percent of the channel
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is affected at the deciduous site and about 15 percent of

the channel is altered by wood at the open site.

Table 11.2. Habitat area in 100-m reaches of the study
streams during the summer. Habitat area (m2)
does not include exposed boulders or mid-
channel structures.

Reach Pool Riffle Lateral Habitat Total

Area % Area % Area % Area

Coniferous 67.1 21.3 192.5 61.5 55.1 17.5 314.7

Deciduous 124.2 34.1 160.5 44.1 79.3 21.8 364.0

Open 103.4 27.8 193.7 52.3 73.6 19.9 370.7
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METHODS

Mapping of Hydraulic Features and Channel Structure

Hydraulics, orientation, and substrate structure were

described for each lateral habitat in 100-m sections of

each reach. For each habitat that was mapped or sampled,

orientation and location relative to the main channel,

hydraulic class (ie., stream margin, backwater, or isolated

pool), and the size of channel structure associated with

each habitat unit were also determined. Boulders at least

1.0 m in diameter or wood greater than 0.5 m in diameter

and 2.0 m in length were classified as large structure.

Boulders, cobbles, wood debris, or rooted vegetation

smaller than these dimensions but still important in the

morphology of a lateral habitat were considered small

structure.

Surface substrates in lateral habitats and in the main

channel were mapped by size class distribution according to

a modification of the Wentworth (1931) scale. Substrate

size classes were: sand and fine organic matter (< 0.1 cm)

diameter, pebble-gravel (0.1-8.0 cm), cobble-rubble (8-32

cm), boulders (> 32 cm), and bedrock.

Detrital Respiration and Composition

Detritus was collected from five stream margins and

five backwaters from each study reach and analyzed for

microbial respiration and cellulose, lignin, and organic

matter content. A small bilge pump was used to mix the top

3-5 cm of sediments and then pump a 10-liter sample into a

bucket. This solution was allowed to stand for 10 minutes,

then the supernatant was poured off and the sediment was

stored in sterile plastic bags. Samples were refrigerated

at stream temperature (13°C in summer, 5°C in winter) and

transported to the laboratory.
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In the laboratory, each sample was washed with

filtered stream water through a 250-gm sieve and decanted.

Three 10-m1 replicates of sediment-water mix were put in

25-m1 Wheaton vials for measurement of respiration; the

remaining material was dried for cellulose and lignin

analysis. The capped Wheaton vials were incubated in the

dark at stream temperature. After 1 hr of acclimation,

0.25-m1 of the headspace gas from each vial was injected

into a HP-5700A Gas Chromatograph equipped with a thermal

conductivity detector (Poropak-Q column) for analysis of

carbon dioxide. Injections were repeated hourly for 3-4

hours. The samples were then washed into crucibles, dried

at 100°C, weighed, ashed in a muffle furnace for six hours

at 600°C, and weighed again. Microbial respiration on this

detritus was expressed as mg carbon per hour per gram ash-

free dry weight. Content of cellulose and lignin was

determined by a modification of the acid-detergent fiber

method (Goering and Van Soest 1970, Mould and Robbins

1981) .

Chlorophyll Standing Crop

Standing crop of chlorophyll a on inorganic

substrates from lateral habitats was measured as an index

of the abundance of primary producers. For each sample,

all surface particles within a 100-cm2 ring placed on the

substrate were collected and put into a plastic bag, taken

to the laboratory, and frozen. Nine samples were taken

from each riparian site in fall, winter, and spring.

Chlorophyll was extracted from the samples by placing the

substrates in air-tight containers containing 90 percent

acetone buffered with magnesium carbonate. Samples were

incubated in the dark at 4°C for 24 hours. After

incubation, the acetone was filtered, volume was recorded,

and absorbance was determined on a Hitachi Model 100-60
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spectrophotometer. Concentration of chlorophyll a was

determined by the acidification method (Lorenzen 1977).

Benthic Invertebrates

Invertebrates were collected to determine the

taxonomic structure and functional organization of the

benthic invertebrate assemblages associated with lateral

habitats. A modified Hess sampler with 250-g mesh was used

to collect ten samples from each site, five from stream

margins and five from backwaters. Invertebrates were

sorted by taxa and measured using a dissecting microscope

at 50x magnification. Because of high densities of

invertebrates, some samples were subsampled. Large

invertebrates (>5 mm long) were removed before subsampling

and identified. The remaining material was mixed with

water and poured into a 3-1 beaker that had 70 vials

standing on the bottom. The contents of individual vials

were processed until a minimum of 300 invertebrates were

counted. The number of invertebrates in the sample was

calculated from the ratio of the area of the beaker (126.6

cm2) to the area of the opening in each vial (1.3 cm2) and

multiplying by the number of vials sampled. Variance

between subsamples was low; coefficients of variation

rarely exceeded 20 percent for any taxa. Taxa were

assigned to functional feeding groups based on the

classification developed by Cummins and Klug (1979).

The significance of differences in invertebrate

abundance was compared between habitats and between reaches

using the Kruskal Wallis test (Sokal and Rohlf 1981).

Because only three streams, each in a different riparian

setting, were sampled, inferential statistics could not be

used to attribute differences between reaches to the

riparian setting.
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Boulders were the most common size class of substrates

in each of the riparian reaches. Boulders comprised over

50 percent of the wetted channel substrate at the

coniferous and deciduous reaches, and over 70 percent of

the wetted channel was boulder at the open site (Table

11.3). The open reach was relatively poor in cobble

substrates compared to both forested reaches and also had

lower amounts of gravel, sand, and fine organic matter.

Potential sediment supply at the open reach was similar to

that of the forested reaches, but the lack of large woody

debris structures decreased storage in the active channel.

In similar streams in the region and in a downstream,

unlogged section of the same open reach, large organic

debris dams store abundant cobble, gravel, and fine

sediments (Swanson and Lienkaemper 1978, Wilzbach 1985).

In the coniferous reach, cobbles, gravels, and fines

were all more abundant than at the open reach. The

deciduous reach had more than twice the gravel observed in

the coniferous or open reaches and had a greater percentage

of gravel substrates than cobbles.

The difference in substrate composition between

reaches resulted from differences in channel structure and

geologic parent material. Easily weathered volcanic

breccias and tuffaceous sediments dominate the geology of

the deciduous reach. Slow weathering, glacially influenced

formations occur at the coniferous and open reaches. The

difference in geology results in a greater supply of easily

fractured particles to the deciduous reach. Retention of

small and medium sized sediments in the forested reaches

was enhanced by accumulations of large organic debris.



16

Table 11.3. Substrate composition of the wetted channels in
summer (percent in each size class). Substrate
size classes were: sand-FOM (<0.1 cm diameter),
pebble-gravel (0.1-8 cm), cobble-rubble (8-32
cm), boulder-bedrock (>32 cm).

Substrate

Reach

Coniferous Deciduous Open

Boulder-Bedrock 56.5 52.6 72.5

Cobble-Rubble 24.7 18.5 13.3

Pebble-Gravel 11.3 25.3 10.4

Sand-FOM 7.5 3.6 3.8

In contrast to the dominance of boulders in the

sediment of the main channels, cobble and gravel substrates

were the most common size classes in lateral habitats.

Over 55 percent of the substrate area in lateral habitats

at each of the riparian reaches was composed of cobbles and

gravel. Sand and fine organic matter comprised only 25

percent of the substrates in lateral habitats, but this was

more than five times greater than the proportion of sand

and fine organic matter found in the main channels. There

was little difference in the distribution of sediment size

classes in lateral habitats between reaches, except that

the greater supply of gravel at the deciduous reach

resulted in greater amounts of gravel in the lateral

habitats of that reach.

Substrate in lateral habitats was generally more

heterogeneous than in main channel habitats. More than

half of the lateral habitats had no dominate size class of

substrate (Table 11.4). The remainder of the lateral

habitats were essentially patches of small, uniform sized

substrates surrounded by boulders or wood. Uniform pebble

and gravel substrates were found in 23 percent of lateral
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habitats at the deciduous site. This was a higher

representation than any other size class at any other site

and was related to the overall abundance of pebble and

gravel substrates at the deciduous reach. Uniform cobble

substrates were common in lateral habitats in all reaches

(average =l8 percent of lateral habitats). Lateral habitats

with substrates dominated by boulders or uniform patches of

sand and fine organic matter were rare.

Table 11.4. Proportion (%) of lateral habitats associated
with different size classes of substrate
(association defined as more than 60 percent of
substrate in a single size class).

Reach

Substrate Coniferous Deciduous Open

Boulder-Bedrock 7.8 6.4 5.5

Cobble-Rubble 15.6 19.2 19.6

Pebble-Gravel 23.1 7.8 10.9

Sand-FOM 10.9 2.6 7.6

Heterogeneous 57.9 48.7 56.4

Among lateral habitats, backwaters contained the most

heterogeneous distribution of substrate size classes (Fig.

11.4). Backwaters also had the greatest relative area of

sand, fine particulate organic matter, and coarse

particulate organic mater of all lateral habitats. Average

percent composition of sand and both fine and coarse

organic matter was lowest in off-channel backwaters but

individual habitat units exhibited a wide range of

abundance in these substrate sizes. Off-channel backwaters

that were protected from high flows had the highest
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Figure 11.4. Substrate size distribution in lateral
habitats (percent composition in each size

class).
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proportion of organic matter of any lateral habitats in the

study reaches. Lateral habitats with large amounts of

organic matter were usually associated with large boulders

or woody debris, structures that deflect high streamflow

and allow accumulation of sediments and organic matter over

long time periods. Unprotected off-channel backwaters that

were subject to more frequent, turbulent streamflow

contained predominantly cobble substrates covered with a

thin film of fine organic matter.

Organic Substrates-Detritus

The combination of high retention efficiency and

immediate proximity to riparian vegetation result in large

standing crops of detritus in lateral habitats. In summer,

standing crops of detritus were significantly higher in

backwaters and stream margins than in all other habitats

(p>0.01, Quade non-parametric rank test, Conover 1971).

Some of the largest differences between habitats were in

the coarse fraction (>1 mm) of the detrital standing crop.

For example, lateral debris pools in the coniferous reach

store large amounts of coarse particulate organic matter in

both summer and winter. The difference in amount of coarse

particulate matter between debris-formed lateral pools and

backwaters accounted for most of the difference in total

detrital storage between these habitats (Fig. 11.5).

Although total detrital storage was dominated by the coarse

particulate fraction, lateral habitats stored significantly

more fine organics (0.053-1.00 mm) than all other habitats

except for pool-gravel at the coniferous reach (p<0.05,

Quade test).

With the exception of storage in debris-formed lateral

pools, the pattern of detritus storage in stream habitats

was consistent at all sites in all seasons. Detritus

storage was highest in backwaters, followed by stream

margins, and pool-gravel habitats. Storage in pool-cobble,
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Figure 11.5. Detritus standing crops in habitats at each of
the riparian reaches. BW=backwater, DP=debris
pool, SM=stream margin, PG=pool gravel,
PC=pool cobble, RG=riffle gravel, RC=riffle
cobble, RB=riffle bedrock. (Debris pools not
sampled in summer at the deciduous and open
reaches. For all other habitats, n = 5 for
each site in each season.)
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riffle-gravel, riffle-cobble, and bedrock habitats was low

at all sites. Detrital standing crops were higher in the

coniferous reach than in the deciduous, but the difference

was not statistically significant. Both forested reaches

maintained significantly higher standing crops of detritus

than the open reach (p<0.05, Quade test). Within each

reach, there were no significant differences between summer

and winter standing crop of detritus.

Detritus Organic Matter Content and Respiration

Microbial respiration rates reflected the quality of

fine particulate organic matter as influenced by litter

inputs and aquatic primary production at each site. In

late summer, respiration rates were higher at the deciduous

(alder-dominated) reach than either the coniferous or open

sites (ANOVA, LSD of means at p=0.01 was 2.41 mg carbon

gAFDW-1'hr1; Table 11.5). Though detritus was sampled at

the deciduous site prior to the period of maximum

litterfall, significant input and processing of alder

leaves occurred throughout the summer. In summer,

respiration of FPOM was higher at the open reach than at

the coniferous reach, but the difference was not

statistically significant (ANOVA, p>0.05). Organic matter

content of detritus at the open site was much lower than at

either of the forested reaches. Low standing crops of

organics at the open site resulted from a combination of

reduced allochthonous litter input and lack of retention

structures in the reach.

Detrital respiration rates at the deciduous reach in

winter were three times lower than for the same site in

summer (p<0.01). Respiration rates in winter were also

significantly lower than in summer at the coniferous reach

(p<0.05). Respiration rates of FPOM from stream margins at

the open reach increased in winter (p<0.01), but rates from

backwaters were not significantly different from summer



Table 11.5. Microbial respiration and organic matter content of detrital
FPOM at the three riparian sites in summer 1.982 and winter
1983. Respiration as mgCarbon'g AFDW-l'hr--". N=5 for each
habitat, at each site, on each date. SM=stream margin,
BW=backwater, Comb.=mean of BW and SM.

Coniferous Deciduous Open

SM BW COMB. SM BW COMB. SM BW COMB.

Respiration 3.75 4.37 4.06 9.08 7.39 8.23 3.50 6.50 5.15

%Organic 43.4 49.8 46.6 40.2 38.7 39.4 17.7 19.7 18.7

Winter

Respiration 1.93 2.54 2.33 2.10 3.35 2.75 6.38 7.04 6.72

%Organic 39.8 43.0 41.4 28.4 32.8 30.8 21.9 24.6 23.2

%Cellulose 4.7 5.0 4.9 3.5 4.9 4.2 3.7 4.7 4.2

%Lignin 18.4 18.5 18.4 13.5 16.0 14.8 10.8 12.3 11.7
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levels (p>0.05). The open site had higher detrital

respiration rates in winter than either forested reach

(p>0.01, ANOVA, LSD of means =1.06).

Organic matter content of detritus in lateral habitats

exhibited no seasonal differences but did show a consistent

pattern related to riparian differences. The coniferous

reach had the highest percentage organic matter content,

followed by the deciduous, and open reaches. Cellulose

content was uniformly low and was not statically different

between reaches (Table 11.5). Lignin content of the fine

particulate organic matter was significantly different

between reaches, and the pattern was parallel to

differences in the lignin content of the dominant inputs at

each site (ANOVA, p<0.01). Cellulose/lignin ratio was

higher at the open reach (0.36) than either the deciduous

(0.28) or coniferous (0.27) reaches.

The difference between respiration rates in stream

margins and backwaters was statistically significant only

in the summer sample from the open site. Summer backwaters

at the open site had nearly double the respiration rate of

stream margins (Kruskal-Wallis, p<0.05). Detritus from

backwaters had higher mean respiration rates than detritus

from stream margins in five of the six cases. Detritus in

backwaters also had a higher percentage of cellulose than

in detritus collected from stream margins at the same

reach.

Algal Standing Crop

The standing crop of algae on substrates in lateral

habitats reflected seasonal, riparian vegetation, and

geomorphic influences. Increased light intensity in summer

resulted in higher chlorophyll a standing crop on

substrates at all three reaches (Fig. 11.6). The highest

summer standing crop of chlorophyll a was from the

coniferous site (77.8 mg/m2). There was no significant



N
E

0,

E

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0

C D 0 C 0 0

FALL -82 WINTER-82 SUMMER-83

24

Figure 11.6. Standing crop of chlorophyll a on substrates
in lateral habitats. Mean (horizontal bar)
and 95% confidence interval (vertical line)
are indicated for the coniferous (C),
deciduous (D), and open (0) reaches. N=10 at
each site in each season.
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difference between the coniferous and open sites but the

coniferous site had significantly higher standing crops of

chlorophyll than the deciduous reach (Conif.>Decid.,

p<0.01, Kruskal Wallis test).

The highest standing crop of chlorophyll a in any of

the reaches in any season was at the open site in fall

(86.98 mg/m2). Standing crops of chlorophyll in the fall

were much lower in the forested reaches than in the open

reach (Open>Conif. or Decid., p<0.001, Kruskal Wallis

test). The deciduous reach had the lowest winter standing

crops of chlorophyll (Decid.<Open or Conif., p<0.01,

Kruskal Wallis test).

Invertebrate Assemblages

High densities of benthic invertebrates, composed of

large numbers of micro-crustacea, oligochaetes, and aquatic

insects were observed in the lateral habitats of the study

streams (Fig. 11.7). The influence of riparian vegetation

was suggested by the greater abundance of detritivorous

collector-gatherers at the coniferous reach, herbivorous

collector-gatherers at the open reach, and shredders at the

deciduous reach. Lateral habitats at each site had

abundant detritus and detritivore populations, but the

structure of the invertebrate assemblages was influenced by

the nutritional resources characteristic of each reach.

The open site had greater invertebrate abundance than

either the deciduous or coniferous sites. The coniferous

site had the largest standing crop of detritus and

supported the greatest number of chironomids and

detritivorous mayflies and stoneflies. The deciduous site

had lower total invertebrate density in the benthic samples

than either the coniferous or open reaches (p<0.01,

Kruskal-Wallis test). The deciduous reach was heavily

shaded in July when samples were collected and there was

little leaf litter in the stream.
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Figure 11.7. Abundance of benthic invertebrates in lateral
habitats at each of the riparian reaches
(N=10).
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The proximity of lateral habitats to the terrestrial

environment resulted in close associations between

invertebrates in lateral habitats and riparian food

sources. Some species (e.g., Lepidostoma unicolor) were

directly linked to riparian vegetation as they were rapid

colonizers and shredders of herbaceous material that

entered lateral habitats in the fall.

Riparian vegetation and geomorphic control of habitat

structure excluded some invertebrate groups and favored

others because of the effect of structure on current

velocity in lateral habitats. No fast-water filter feeders

(e.g., Rheotanytarsus, Hydropsyche, and Simulium) were

collected from lateral habitats, although they were common

in the riffles of the same streams. The only filter feeder

found was Polycentropus, which constructs its capture net

in areas of slow current. Comparatively few heptageniid

mayflies were collected; those found were mostly first and

second instar larvae that utilized lateral habitats as

rearing areas. In contrast to invertebrates that avoid

slow water, low current velocity favored highly motile

invertebrates groups (e.g., Ameletus and Lepidostoma) that

swim or crawl about in search of food. Proximity to the

stream edge, abundant detritus, and slow current velocity

are environmental conditions that also result in high

abundance of many typically hyporheic and lentic

invertebrates such as ostracods, harpacticoid copepods and

oligochaetes.
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Habitat Differences in Invertebrate Assemblages

Macro-invertebrate communities in both backwaters and

stream margins were dominated by members of the collector-

gatherer functional feeding group (Table 11.6). Collector-

gatherers consume fine detritus and associated microalgae

found in lateral habitats. Most collector-gatherers are

detritivores (Cummins and Klug 1979), but many are also

herbivorous. Herbivore collector-gatherers have similar

morphology of feeding structures as detritivore collector-

gatherers, but herbivores specialize on the algal fraction

of the fine organic matter. Collector-gatherers in lateral

habitats that are primarily herbivorous include Ameletus,

some Baetis, and Ecclisomyia. The most common

detritivorous collector-gatherers were chironomids.

Because the midges were so numerous, they obscured

functional group comparisons between habitats. No

difference was found in the abundance of collector-

gatherers between stream margins and backwaters; but if

chironomids are excluded, the rest of the collector-

gatherer group was significantly more abundant in stream

margins than in backwaters (p<0.05, Kruskal Wallis

test)(Table 11.7).

Scrapers, mostly herbivorous, were better represented

in the stream margins than in backwaters, presumably in

response to greater availability or abundance of algae.

Shredders in backwaters had twice the relative abundance of

shredders in stream margins. Coarse particulate organic

matter, the food source of shredders, was at least twice as

abundant in backwaters as it was in stream margins (Fig.

11.5). Collector/predators showed little difference

between habitats. Predators were more common in backwaters

than in stream margins, regardless of the inclusion or

exclusion of chironomids. Potential prey items, especially

microinvertebrates and small chironomids, were more

abundant in backwaters than in other habitats.
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Table 11.6. Insect functional feeding group density in
lateral habitats (mean number m2). Values
excluding Chironomidae in parenthesis. N = 15.

Functional Group Stream Margin Backwater

Collector-gatherer 21,780 36,3676
(3,982) (1,503)

Scraper 909 139

Shredder 2,037 4,126

Collector/Predator 1,362 1,249

Predator 1,6976 5,358
(721) (1,721)

Table 11.7. Functional group distribution (percent) in
stream margins and backwaters.

Group

Chironomids Included Chironomids Excluded

Margins Backwaters Margins Backwaters

Collector-
gatherer

78.4 77.0 44.2 17.2

Scraper 3.3 0.3 10.1 1.6

Shredder 7.3 8.8 22.6 47.2

Collector/
predator

4.9 2.6 15.1 14.3

Predator 6.1 11.3 8.0 19.7
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The abundance of chironomids and some taxa of mayflies

and caddisflies differed between habitat types. Variance

within each habitat class was high for most taxa, but

Kruskal-Wallis tests of abundance rank between habitats

showed many significant differences (Table 11.8).

Backwaters had the greatest number of chironomids, nemourid

stoneflies, first instar Trichoptera, and harpacticoid

copepods. Also more abundant in backwaters were ostracods,

ceratapogonids, and dytiscid beetle larvae. Stream margins

had the greatest abundance of Ameletus, Ecclisiomyia,

oligochaetes, and first instar Baetis and Cinygmula. Also

abundant were nemourid stoneflies, small Calinuria

californica (Banks), elmid larvae, and hydracarinid mites.

Stream margins had a mixed food base of algae and detritus,

supported more herbivorous invertebrates, and had a greater

number of taxa than backwaters. On the average, stream

margin samples contained representatives from 62 percent of

the total number of taxa observed and backwaters had

representatives from 54 percent of the total. At the

family and generic level, 55 taxa were observed in stream

margins and 49 were observed in backwaters.

Backwaters had a greater abundance of invertebrates

than stream margins. Total invertebrate density averaged

67,140 individuals/m2 in backwaters and 43,274/m2 in stream

margins. The difference in invertebrate density was

attributable, for the most part, to the greater number of

small detritivores in backwaters. The total of

chironomids, oligochaetes, microcrustaceans, and

hydracarinids averaged 53,304/m2 in backwaters and

33,148/m2 in stream margins. The difference in

macroinvertebrate density between habitat classes was

small; stream margins averaged 10,126/m2 and backwaters

8,836/m2.
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Table 11.8. Comparison of the density of invertebrates in
stream margins and backwaters (mean number per
m2 and standard deviation). Kruskal Wallis
test of differences between habitats. (Sig.=
**=p<0.01, *=p<0.05, --p>0.05).

STREAM MARGINS BACKWATERS

Sig.Mean S.D. Mean S.D.

Ephemeroptera:
Ameletus 1,198 1,907 667 738 **
Baetis 1,385 1,577 392 398 **
Cinygma 403 878 94 160 *

Cinygmula 506 582 45 137 **

Ephemerella 612 1,150 437 605
Paraleptophlebia 816 705 1,196 1,269

Plecoptera:
Capniidae 28 75 18 25
Chloroperlidae 737 448 813 610
Leuctridae 130 177 1,174 3,961
Nemouridae 598 545 656 715
Perlidae 119 105 34 65 **

Perlodidae 52 97 27 72
Peltoperlidae 136 286 132 285

Trichoptera:
Ecclisomyia 233 421 643 118 *

Heteroplectron 25 53 30 62
Lepidostoma 331 390 939 2,120
Rhyacophila 117 99 78 99
Polycentropus 14 28 77 206
Psychoglypha 9 29 33 75

Coleoptera:
Elmidae (Larvae) 420 277 341 389

(Adults) 47 97 0 *

Dytiscidae
(Larvae) 32 81 222 325 *

(Adults) 9 29 146 394

Megaloptera:
Orohermes 22 45 0

Diptera:
Ceratapogonidae 190 254 201 230
Chironomidae

Tanytarsinae 976 915 3,637 4,305 *

Chironominae 17,825 13,009 34,904 32,616
All Pupae 670 1,070 856 829



32

Table 11.8. (continued)

STREAM MARGINS BACKWATERS

Mean S.D. Mean S.D. Sig.

Dixidae 24 47 36 102
Empididae 17 27 17 50

Tipulidae
Dicranota 162 238 57 98
Hexatoma 19 37 17 21
Other 87 179 142 329

ANNELIDA
Oligochaeta 4,110 5,197 3,140 7,896

COPEPODA
Harpacticoida 1,280 2,412 4,680 8,573

HYDRACARINA 6,713 5,387 6,877 7,896

Riparian Influence on Invertebrate Assemblages

Riparian influence on the quality of energy inputs and

detrital material was reflected in the functional

organization of the invertebrate assemblages in lateral

habitats. Distribution of functional feeding groups was

dominated by collector-gatherers at all sites (Table 11.9).

As in the comparison of stream margins and backwaters, the

large number of chironomids in the samples obscured some

differences between riparian reaches. Excluding

chironomids, the open reach had a much higher proportion of

collector-gatherers than either of the forested sites; over

half the total at the open reach were in the collector-

gatherer group. Scrapers were a small percentage of the

total invertebrate community at each site.
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Table 11.9. Functional feeding groups of macro-
invertebrates in riparian study reaches.
Stream margin and backwater data combined
(percent abundance).

All Taxa

Functional Group Coniferous Deciduous Open

Collector-gatherer 78.3 71.0 84.0

Scraper 0.5 0.5 0.9

Shredder 5.3 17.3 7.9

Collector-Predator 6.3 3.9 2.6

Predator 9.6 7.3 4.6

Chironomids Excluded

Group Coniferous Deciduous Open*

Collector-gatherer 31.5 20.5 58.0

Scraper 2.8 1.6 8.7

Shredder 28.0 59.9 20.4

Collector/Predator 33.0 13.5 13.0

Predator 4.7 4.5 4.4

* Excluding one sample from the open site that had a high
density (15,478/m2) of first instar leuctrid stoneflies.

The deciduous site had the greatest relative abundance

of shredders, an apparent link to the leaf litter input and

composition of CPOM at that site. The deciduous reach had

a significantly greater abundance of shredders than either

the coniferous or open reaches (p<0.01, Kruskal Wallis

test), and the coniferous reach had greater abundance of

shredders than the open reach (p<0.05).
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The relative abundance of taxa that are dependent on

herbaceous food resources was highest at the open reach.

Periphyton grazers, both scrapers and collectors, that

achieved the highest density at the open site included

species of Ameletus and Baetis. Cinygma and Cinygmula spp.

also had the highest density at the open site, but these

heptageniids were comparatively lower in abundance and were

not as evenly distributed in lateral habitats (Table

I1.10).

Several detritivores were most abundant at the

coniferous reach; these included the nemourid, peltoperlid,

and chloroperlid stoneflies. The most common chloroperlid,

(Sweltsa fraterna Friden) is often classified as a predator

(Fuller and Stewart 1979), but observations of gut contents

and emergence trapping of adults from the riparian study

reaches suggest that this species is a generalist that is

usually associated with detrital accumulations.

Paraleptophlebia spp. were the only taxa that were

most abundant at the deciduous site (p<0.05 Kruskal-

Wallis). Lepidostoma spp. also had the greatest mean

density at the deciduous reach, but the difference between

reaches was not significant. Lepidostoma spp. had a

bimodal length frequency distribution at the deciduous

reach. Most of the small Lepidostoma spp. were recently

hatched first instar larvae that had not dispersed.

Collections of adult insects showed that two lepidostomid

species were abundant in this stream, L. cascadense (Milne)

and L. unicolor (Banks). L. unicolor emerges earlier that

L. cascadense (Anderson et al. 1984). The benthic

collections probably are composed of last instar L.

unicolor and first instar L. cascadense. Lateral habitats

seem to be important in both life history stages of these

species.



Table II.10. Lateral habitat invertebrate densities (number m2) in deciduous, coniferous, and open sites. Benthic
samples, July 1983.

DECIDUOUS CONIFEROUS OPEN Significance Level (Kruskal Wallis Test)

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Decid.-Conif. Decid.-Open Conif.-Open

INSECTA

Ephemeroptera
Ameletus 253 255 1,584 1,584 2,039 2,224 <0.05 <0.01
Baetis 205 232 841 797 1,620 1,989 <0.10 <0.01 <0.10
Cinycima 86 94 259 273 399 1,134 ___
Cinvgmula 179 342 163 361 484 719
Ephemerella 82 91 1,210 1,491 280 532 <0.01 <0.01
Paraleptophlebia 1,728 1,242 521 565 770 1,473 <0.01 <0.05
Other Heptageniidae 11 23 21 68 11 36
Other* 8 19 430 856 481 1,380

Plecoptera
Capniidae 16 37 42 91 11 25 --- ---
Chloroperlidae 449 551 1,170 732 705 435 <0.01 <0.05
Leuctridae 36 70 191 167 1,730 4,963 --- ---
Nemouridae 173 198 1,068 886 637 625 <0.05 <0.01 <0.05
Perlidae 46 66 119 179 64 93 <0.05 ---
Perlodidae 22 37 69 131 28 81 ---
Peltoperlidae 3 9 400 475 0 -- <0.01 <0.01
Other 88 59 105 267 331 420

Trichoptera
Apatania -- 31 97 119 246
Ecclisomyia 0 78 195 366 573 <0.10 <0.01 <0.05
Heteroplectron 84 170 30 65 59 178
Lepidostoma 1,212 2,591 302 467 391 402
Micrasema 21 67 3 4 28 79
Polycentropus 34 71 99 250 3 9
PsychoglYpha 3 3 61 88
Rhyacophila 60 71 148 146 83 96
Other 74 146 591 719 8 17

Coleoptera
Elmidae (Larvae) 389 251 147 228 606 416 <0.05 <0.05 <0.01

(Adults) 15 32 28 90 28 90 --- - - _
Dytiscidae (Larvae) 0 -- 142 241 238 388 <0.01 <0.01

(Adults) 11 35 133 424 89 289 ---

Megaloptera
Orohermes 0 31 56 3 9 <0.05 <0.05



Table II.10 (Continued).

DECIDUOUS CONIFEROUS OPEN Significance Level (Kruskal Wallis Test)

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Decid.-Conif. Decid.-Open Conif.-Open

Diptera
Ceratapogonidae 192 285 231 253 164 240
Chironomidae
Tanypodinae 1,110 911 4,154 5,531 1,656 1,508 <0.05 <0.05
Other Chironomidae 12,089 12,549 34,610 40,780. 32,395 19782 <0.05 <0.05
Chiro. Pupae 310 449 915 1,009 1,064 1,294 <0.10 <0.05
Dixidae
Dixa 60 121 28 64 3 9

Empididae 3 9 20 56 28 64

Tabanidae
Tabanus 0 0 11 19

Tipulidae
Dicranota 129 284 40 64 160 142 <0.10
Hexatoma 28 45 14 18 11 21
Other 11 35 157 407 177 259 <0.10

Insect Subtotal 19,245 50,112 47,392

ANNELIDA
Oligochaeta 154 265 3,045 3,385 7,675 7,892.3 <0.10 <0.01 <0.01

COLLEMBOLLA
Sminthuridae 22 69

COPEPODA
Harpacticoidia 277 523 5,889 9,385 2,774 5,429.3

DECAPODA
Pacifastacus 3 9 0 0

GASTROPODA
aLlgA 101 80 0 0

HYDRACARINA 4,179 5,962 5,2010 2,378 10,997 8,313 <0.05 <0.01

OSTRACODA 23 40 1,804 1,323 5,786 6,317 <0.01 <0.01

TARDIGRADIA 39 122

TOTAL 24,026 66,476 75,301

*Other = Individuals in order that were too small to be identified to family or genus.
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The importance of lateral habitats in the early

development of many species was demonstrated by the

abundance of early instars of taxa not normally associated

with depositional habitats. The majority of heptageniid

and elmid larvae collected were first and second instars

less than 2 mm long. Mostly small (6-10 mm) Calinuria

californica (Banks) were found in lateral habitats. Large

individuals of this species (20-40 mm) were numerous in

erosional habitats of the same streams.

Meiofauna of Lateral Habitats

Microinvertebrates were an important part of the fauna

of lateral habitats. Ostracods, aquatic mites,

harpacticoid copepods, and oligochaetes (including

macroscopic oligochaetes) comprised 20 to 35 percent of

total invertebrate abundance in each of the study reaches.

A large number of small invertebrates (<1.5 mm long)

were identifiable only to order. Although common in most

of the samples, first instar larvae of macroinvertebrate

species occurred in very high densities in some samples,

probably because they were recently hatched and had not

dispersed within the habitat. These insects represent

potential recruitment to all stream habitats. Trichoptera

and Ephemeroptera egg masses and individual Plecoptera eggs

were common in the lateral habitat samples from each reach.

Average density of stonefly eggs was more than 3,000/m2,

mayfly and caddisfly egg masses averaged 15/m2. The

presence of invertebrate eggs represents an additional

source of recruitment.
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DISCUSSION

The structural and hydraulic characteristics of

lateral habitats create areas with heterogeneous substrate,

large standing crops of detritus, and high densities of

aquatic invertebrates. Because of their structure and

protection from high streamflow, lateral habitats provide

refuge during floods, are source areas for the

recolonization of less protected stream habitats, and

contribute to the stability of stream ecosystems by

increasing resistance to disturbance (sensu Webster et al.

1975).

Substrate Composition

Geomorphic and hydraulic characteristics of lateral

habitats create storage sites for material entering the

channel laterally from the hillslope, vertically from

riparian vegetation, and horizontally during bedload or

suspended transport. This material is composed of both

inorganic (mineral) and organic (primarily detrital) matter

and forms the substrate of lateral habitats. Hillslope

sediments enter the channel through the processes of

surface erosion, soil creep, and earthflow, creating

streamside colluvial deposits (Swanson et al. 1982).

Because of the slow velocity and low stream power

associated with lateral habitats, much of the material

entering from the hillslope is retained in place and is not

immediately sorted by channel processes. Sediments in

transport are retained along channel margins where

transitions in stream power occur, particularly as flow

decreases following a storm event (Beschta 1981). A

discontinuous but progressive lateral gradation of particle

size distribution results; boulders dominate the central

axis of the channel and progressively smaller particles

obtain their peak distribution nearer the edge of the
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active channel surface. As a result of these processes,

the primary storage sites of small sediments (pebble,

gravel, sand, and FOM) are at the interface of the active

channel surface with the wetted stream channel in lateral

habitats.

Substrate heterogeniety in lateral habitats creates a

variety of microhabitats that supports abundant and diverse

invertebrate communities. Although there is evidence that

invertebrate abundance increases with increasing particle

size in main channel habitats (Pennak and Van Gerpen 1947,

Allan 1975), the degree of substrate heterogeniety may be

more important in determining the abundance of benthic

invertebrates (Mackay and Kalff 1969, Hart 1978, Minshall

1984). In some of the off-channel backwaters and debris-

formed pools, substrates were dominated by sand and fine

organics. Invertebrate communities in these habitats were

composed of few species and were usually dominated by

chironomids. In most lateral habitats, the diversity of

available substrates supported a high abundance and

richness of invertebrate species.

The combination of substrate and flow characteristics

found in lateral habitats create conditions favorable to

the benthic meiofauna (e.g., ostracods and harpacticoid

copepods), macroinvertebrate swimmers (e.g., Ameletus), and

small, early instars of many aquatic insects that are

limited to areas of low velocity. The efficient retention

of leaves, needles, and twigs in lateral habitats provide

case materials for Ecclisomyia, Heteroplectron, and

Lepidostoma. The abundance of organic matter potentially

supports large numbers of collecting and shredding

detritivores. Invertebrate abundance and taxonomic

composition are linked to both substrate size distribution

and quality (Cummins 1966, Egglishaw 1969, Southwood 1977).

Hydraulic characteristics are a major determinant of

substrate composition and nutritional resources in lateral
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habitats and therefore strongly influence benthic

invertebrate assemblages in these habitats.

Lateral habitats store small substrates and large

amounts of organic matter. In late summer, a "typical"

lateral habitat in the coniferous reach would contain a

combination of about 40 percent cobble, 30 percent gravel,

10 percent sand, and 10 percent fine organics with about 20
percent of the surface covered by sticks, twigs, and

leaves. The variety of substrates in lateral habitats

contributes to the complexity of stream habitat structure

and the patchy distribution of stream invertebrates

(Ulfstrand 1967, Resh 1969, Lamberti and Resh 1979).

Detritus Standing Crop

Most of the detritus storage in small streams occurs

in lateral habitats. Lateral habitats store more detritus

than other stream habitats because they efficiently retain

detritus transported by the main channel, receive direct

input from adjacent riparian vegetation, and are less

frequently disturbed by high streamflows that reduce the

amount of stored material. Lateral habitats comprise

approximately 15 percent of the total area in small streams

but store about 75 percent of the detritus.

Long hydraulic residence time and structural roughness

in lateral habitats create both the opportunity for

exposure to the substrate and the type of surfaces

necessary to remove particles from transport. Backwaters

have low rates of hydraulic exchange with the main channel,

but particles that enter lateral habitats have a very high

probability of retention. The heterogeneous substrates

typically found in lateral habitats are effective both in

trapping and storing detritus (Speaker et al. 1984).

Detritus stored in the interstitial and crevice spaces of

lateral habitats was less likely to be removed by moderate
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to high streamflow than detritus accumulations on sticks

and the surfaces of cobble in the main channel.

Lateral habitats efficiently retain and store detrital

inputs from a variety of sources. Organic detritus can

enter a stream from the hillslope and by deposition of

material from transport, the same processes that deliver

inorganic substrates. Additional important sources include

litterfall (leaves, twigs, and sticks) from the riparian

vegetation, physical and organic processing of large wood

debris, insect frass, and senescent and dead material

derived from production of aquatic macrophytes, algae, and

heterotrophs.

Prolonged storage of detritus in lateral habitats is

necessary for sufficient microbial conditioning to take

place before the organic material can become available to

macroinvertebrates. Microbial conditioning by fungi and

bacteria begins when allochthonous material enters the

stream, but, depending on the type of material, may take

days (alder leaves), months (conifer needles), or more than

a year (wood) to become available to consumers (Petersen

and Cummins 1974, Suberkropp et al. 1975, Sedell et al.

1975).

Lateral habitats are more closely linked to riparian

vegetation and receive a greater proportion of direct

riparian inputs than axial habitats. Herbaceous plants

grow along the borders of lateral habitats and contribute

large amounts of litter to the stream reach following

senescence. Litter from shrub and tree strata falls

directly into, and is retained by, lateral habitats.

Because of efficient retention, a greater proportion of the

allochthonous input to lateral habitats is retained, and

less material moves into transport than in other habitats.

Finally, because they are located adjacent to the main flow

and have structural protection from flood events, lateral

habitats are less frequently flushed of stored detritus.

Detrital material is accumulated more efficiently and over
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longer periods of time in lateral habitats than in other

depositional habitats.

Algal Standing Crop

The higher standing crop of chlorophyll a observed at

the open reach was consistent with results from studies of

canopy effects on main channel habitats (Lyford and Gregory

1975, Murphy et al. 1981). Average standing crop of

chlorophyll a in lateral habitats was larger at the open

site than in either of the forested reaches. Standing crop

of chlorophyll a in lateral habitats at each of study

reaches was similar to that reported for main channel pools

and riffles in streams with corresponding riparian settings

(Lyford and Gregory 1975).

It was hypothesized that algal standing crops would be

lower in stream margins and backwaters than in habitats

with faster current because experimental studies have shown

that increased flow keeps a constant supply of nutrients

available to the algae and is therefore advantageous to

algal metabolism (McIntire and Phinney 1965, Rider and

Wagner 1972, Steinman and McIntyre 1986). However, the

influence of current on algal metabolism may not translate

into higher standing crops of algae in natural streams

because of the effects of consumption by herbivores

(Lamberti and Resh 1983) and physical abrasion and scour by

fast water.

Turbulent and sometimes sediment laden streamflows in

natural streams periodically scour epiphytic algae and

reduce algal standing crop to very low levels (Rounick and

Gregory 1981). Under conditions were periphyton is scoured

by high streamflow, algal standing crop in protected

lateral habitats may be greater than in the main channel.

This situation was observed during the fall and winter at

each of the study reaches; bright green patches of
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epiphytic algae were common in lateral habitats but little

or no algae was apparent on substrates in the main channel.

In winter, the deciduous reach had the lowest level of

algal biomass. This pattern was not expected because the

defoliated canopy at the deciduous site was relatively open

in winter, and topographic shading was less than in the

other reaches because the deciduous reach has a wider

channel and a southerly aspect. However, scour may have

occurred more frequently at this site. Mean substrate

particle size was smaller at the deciduous site than at the

other reaches and bedload movement and redistribution of

small substrates (0.1-5.0 cm in diameter) was more

frequently observed. The stream channel and hillslopes at

the deciduous site were subjected to major alterations

associated with logging and construction of skid roads.

This disturbance history and the geology of the site have

resulted in continued reworking by the stream of disturbed

terraces and alluvial deposits. The evidence of bed

instability and resulting potential for scouring of algal

particles may explain the low abundance of chlorophyll a in

the deciduous reach in winter.

Because of the combined effects of shade, litterfall,

and substrate instability, primary production at the

deciduous reach remained low in all seasons. In summer,

the dense canopy shaded the stream. In winter, unstable

sediments scoured algae from substrate surfaces. In the

fall, when shade from the canopy was reduced, algal biomass

remained low because accumulations of autumn-shed leaves

blanketed the substrate in pools and lateral habitats and

reduced light penetration to the streambed.

Detritus Quality

Lateral habitats contain abundant fine particulate

organic matter that is a mixture of freshly generated

detrital material combined with refractory FPOM derived
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from soils and woody debris. The higher microbial

respiration and organic matter content of FPOM in

backwaters than in stream margins may result from

hydrologic differences between the two habitat types that

effect the composition of FPOM. Because backwaters have

longer hydraulic residence time than stream margins,

smaller particles are more likely to be retained in

backwaters. Because there are longer intervals between

disturbances, more complete processing of CPOM and FPOM

into the smallest particle sizes may occur. Although

small particles presumably have undergone the greatest

amount of processing and would therefore contain the

largest amount of refractory compounds (Boling et al. 1975,

Triska et al. 1975), particles in the 0.45-10 gm range

(ultra-fine particulate organics) support more active

microbial communities with respiration rates 5-15 times

higher than those associated with larger particle sizes

(Ward 1984). The capacity of backwaters to retain small,

low density, detritus particles may offset the effect of

the large standing crop of comparatively refractory

material and create a detrital mixture characterized by

high microbial activity and respiration.

Potential effects of riparian vegetation on detritus

quality were indicated by the organic matter content and

respiration rate of detritus collected from the study

reaches. Detritus in lateral habitats at the forested

reaches may have had greater organic matter content because

of the nature of organic inputs and greater retention

efficiency associated with streams with abundant woody

debris (Sedell et al. 1975, Bilby and Likens 1980, Triska

et al. 1982). Respiration rates were generally higher at

the open reach, potentially because greater quantities of

both live and dead algal material were combined with inputs

of herbaceous litter that, as detritus, provided a high

quality substrate for microbes. The elevated respiration

rates in late summer at the deciduous reach may have
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resulted from the presence of alder leachates that

stimulate microbial activity and by the breakdown of

recently fallen leaves to fine particulate organic matter

(FPOM) providing fresh substrate for further processing

(Cummins and Klug 1979, Ward et al. 1982).

The difference in respiration rates between the study

reaches was not as great in lateral habitats as differences

reported for main channel pools in similar reaches (Naiman

and Sedell 1979, Murphy et al. 1981). Reach differences in

microbial activity may have been minimized by the effect of

the hydraulic characteristics of lateral habitats on

retention and storage of FPOM. Because lateral habitats

store significantly more FPOM than main channel habitats,

and because the highest microbial activity is associated

with FPOM, the abundance of high quality substrate resulted

in high respiration rates in each of the reaches. Although

the open reach had higher average rates of microbial

respiration per unit weight of organic matter, detritus in

the forested reaches had a higher organic matter content

and was stored in much greater quantities.

Lignin content of FPOM collected from debris pools did

not reflect differences in the lignin content of source

materials (coniferous: fir needles=24 percent lignin;

deciduous: red alder leaves=10 percent lignin; open: herbs

about 10 percent lignin and algae 0 percent lignin; Ward

1986). The depositional zones (debris-formed pools)

sampled by Ward (1986) receive large inputs of CPOM and

FPOM from the processing of woody debris, twigs and

needles. The standing crop of woody CPOM was significantly

higher in debris pools than in other lateral or main

channel habitats (Speaker 1985). FPOM derived from woody

debris is approximately 45 percent lignin (Ward and Aumen

1986), approximately the same as the lignin content of the

debris pool samples. In the debris-formed pools, the less

than 0.01 mm size class had the lowest lignin content

(average of all sites = 31.9 percent, Ward 1986). In
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contrast, average lignin content of detritus in backwaters

was 15.6 percent and 14.2 percent in stream margins.

Lignin content of detritus in lateral habitats other than

debris pools reflected the pattern of the lignin content of

source materials (Open<Deciduous<Coniferous). Debris pools

and off-channel backwaters receive freshly generated FPOM

from direct litterfall and from retention of material in

transport during high streamflow. Stream margins and

backwaters have access to the same sources of freshly

generated FPOM as debris pools and off-channel backwaters,

but stream margins and backwaters receive additional

material that is initially processed in the main channel

because of their greater proximity to the main flow. Also,

low density FPOM in transport has a greater probability of

retention in low velocity lateral habitats than in the main

channel. Compared to debris pools, stream margin and

backwater habitats contain a greater proportion of labile

compounds that are more accessible for processing.

Compared to main channel pools and riffles, lateral

habitats contain more abundant and heterogeneous detrital

material that is more resistant to disturbance and

therefore available for prolonged processing and

utilization.

Invertebrates

Stream habitats that combine substrate heterogenity

with abundant detritus have the potential to support high

densities of invertebrates and develop invertebrate

assemblages with a characteristic structure (Saunders 1980,

Minshall and Petersen 1985). Community structure in

lateral habitats was dominated by invertebrates that

process detritus, utilize a variety of substrates, and

select areas with low current velocity. The physical

conditions of lateral habitats favor benthic meiofauna

(O'Doherty 1985) and the abundant detritus provides an
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energy base for collector-gatherers and shredders (Merritt

et al. 1984), but lateral habitats also support large

numbers of macroinvertebrate scrapers and predators.

It has been generalized that depositional habitats

support high invertebrate densities but fewer kinds of

animals than erosional habitats, but this concept has been

derived from the extreme examples of depositional habitats,

profundal zones of lakes and silt accumulations in large

streams (Minshall 1984). Lateral habitats are depositional

zones and do have large chironomid populations, but the

community is enriched by invertebrate groups that exploit

microhabitat heterogeniety within lateral habitats.

The variety of substrate particle sizes and

nutritional resources characteristic of lateral habitats

increases the potential species richness of their

invertebrate assemblages. Invertebrate species may have

different substrate preferences or have substrate

requirements that change with life history stage (Cummins

and Lauff 1969, Mackay and Kalff 1969). Some species may

have no mineral substrate preferences (Shelley 1979, Khalaf

and Tachet 1980) but apparently select for the presence of

organic detritus (Culp et al. 1983) or current velocity

(Reice 1974). In addition to invertebrates that utilize

the surface of substrates, hyporheic species contribute to

species richness in lateral habitats. The large number of

harpacticoid copepods, ostracods, oligochaetes, and aquatic

mites in lateral habitats form much of the permanent

hyporheic community and are dependent on the substrates,

plentiful detritus, and interstitial flow (Williams 1984)

characteristic of lateral habitats.

Invertebrate communities in lateral habitats include

transient and resident species. The resident population is

composed of invertebrate groups that are functionally

linked to the predominantly detrital food base of lateral

habitats (e.g., chironomids, Ameletus, Lepidostoma, and

predators adapted to slow current or depositional zones



48

(e.g., Ceratapogonids, Tabanus, and adult Dytiscids). The

transient population of lateral habitats is derived from

invertebrate drift that enters lateral habitats from the

main channel, horizontal migration in response to food

availability, movement of animals displaced by or seeking

refuge from high streamflow, and from utilization connected

with certain life history behaviors (e.g., emergence and

oviposition) (Edmunds et al. 1976, Lehmkule and Anderson

1977, Anderson and Wallace 1984). Members of the transient

population might remain in lateral habitats for only a few

minutes or hours (behavioral drifters and emerging adults)

or for several weeks or months (developing eggs and larvae

that eventually emigrate).

Compared to main channel pools and riffles in streams

with similar geomorphic and riparian characteristics

(Hawkins et al. 1983), lateral habitats have lower

abundances of scrapers and herbivorous collector-gatherers

but greater abundances of detritivorous collector-gatherers

and shredders. Lateral habitats in the forested reaches

and backwaters in all reaches supported a greater relative

abundance of shredders than lateral habitats at the open

reach or stream margins. The relative abundance of

shredders was proportional to the abundance of detritus in

each of the habitats.

Functional group differences between backwater and

stream margin habitats were similar to the contrast between

the forested and open reaches. The open reach and stream

margins had a greater percentage of collector-gatherers

than the forested reaches or backwaters. The difference in

collector-gatherer populations was particularly great when

chironomids were excluded. The majority of the non-

chironomid collector-gatherer group is herbivorous. The

abundance of collector-gatherer herbivores at the open

reach and in stream margins was associated with greater

algal production and availability in those areas.
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Hawkins et al. (1983) found no significant difference

in shredder abundance based on canopy differences; but in

this study, shredders in lateral habitats were

significantly more abundant at the deciduous site than in

the other reaches. Shredders were also more abundant in

lateral habitats at the coniferous reach than at the open

site. The pattern of shredder abundance was consistent

with that predicted by functional feeding group theory

(Cummins and Klug 1979), but differences in the relative

abundance of shredders between streams margins and

backwaters illustrates the importance of structural and

hydraulic influences on habitat.

Results from this study support the concept that

invertebrate abundance is strongly linked to the influence

of primary production on food quality. Factors that

increase primary production not only result in higher

standing crops of periphyton and herbivores, but also

increase the amount of high quality organic matter

available as autochthonous detritus (Minshall 1978, Hawkins

and Sedell 1981). Because of the influence of herbivory on

primary production, small standing crops of periphyton are

capable of supporting large standing crops of consumers

(McIntire 1975, Gregory 1983). The higher invertebrate

densities at the coniferous and open reaches were

associated with larger chlorophyll a standing crops and

generally higher detrital respiration rates than the

deciduous reach. The exceptions to this pattern were the

high respiration rates at the deciduous reach in late

summer (probably stimulated by litterfall) and the low fall

standing crop of algae at the coniferous reach (an anomaly

associated with an unusual storm). Riparian conditions

that limited primary production (principally shading by the

canopy during the summer) were reflected in the low

abundance of invertebrates at the deciduous reach. In

streams with deciduous riparian vegetation, benthic

abundance increases rapidly in late summer when leaf litter
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becomes available and, at that time, invertebrate density

may become significantly greater in deciduous reaches than

in coniferous or open reaches (Murphy et al. 1981).

Riparian vegetation influences the structure, energy

inputs, and retention efficiency of lateral habitats, but

the effect of habitat structure on hydrologic processes may

be of equal importance to their ecology. Organic matter

content, microbial respiration, and invertebrate feeding

group organization were influenced by the structure of

lateral habitats as well as the type of riparian

vegetation. Detritus and invertebrate samples from

backwaters, for example, were generally more similar to

each other than they were to other habitats in their

respective reaches. In each of the study streams, lateral

habitats store most of the detritus and support

invertebrate communities with higher densities than in mid-

channel habitats. The unique ecology of lateral habitats

is derived from their characteristic structure and

hydraulic behavior as they provide protection from high

streamflow, proximity to nutritional resources, and

efficient retention of organic matter.
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CHAPTER III: ECOLOGY OF CUTTHROAT TROUT FRY IN

CASCADE MOUNTAIN STREAMS

INTRODUCTION

Areas of slow, shallow water along stream margins are

important geomorphic features of headwater streams in the

Cascade Mountains of Oregon that provide critical rearing

habitat for cutthroat trout fry (Salmo clarki clarki).

Classified as lateral habitat, stream margins and

backwaters are characterized by a combination of hydraulic

features, substrates, and nutritional resources that

support dense populations of aquatic invertebrates

(Chapt.II). Lateral habitats are important in the early

life history of many stream fish, particularly salmonids

(Chapman 1966). Lateral habitats are occupied by the fry

of brook trout, rainbow trout, and Atlantic salmon

(Keenlyside 1962, Symons and Hedland 1978, Reiser and Bjorn

1979), coho and chinook salmon (Lister and Genoe 1970,

Everest and Chapman 1972, Allee 1974), and cutthroat trout

(Bustard and Narver 1975, Aho 1977). Because cutthroat

trout in small Cascade Mountain streams are resident

species that often complete their life history within a 20

to 100-m stream reach (Miller 1957, Wyatt 1959, Aho 1977),

lateral habitats have a significant influence on both the

establishment and maintenance of cutthroat trout

populations.

Previous studies have examined the effect of riparian

vegetation on the density and biomass of cutthroat trout

(Aho 1977, Murphy 1979, Hawkins et al. 1983) or have

documented the influence of riparian settings on pool

habitat, prey availability, and trout growth (Wilzbach

1986), but the effect of riparian setting on the habitat of

cutthroat fry has not been examined.
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The objectives of this study were to determine how

closely cutthroat fry populations are linked to lateral

habitats and how habitat utilization and fry behavior

change from the time of emergence to the beginning of high

streamflow in fall. The effect of riparian vegetation on

habitat quality, fry growth, and fry population density was

also examined.

Lateral habitats generally have not been considered in

studies of stream fish, although there have been exceptions

(e.g., Bustard and Narver 1975, Karr et al. 1981, Sedell et

al. 1982). Geomorphic studies of large, low gradient

streams (Leopold et al. 1964) have been biased toward pools

and riffles, channel forms with a minimum dimension

approximately equal to one channel width. This focus on

the channel unit scale of habitat features is not sensitive

to the habitat requirements of all life history stages of

stream fish and when considering changes in habitat use in

response to fluctuations in streamflow.

Stream Habitat Definitions

Because lateral habitats have not been rigorously

defined, I have developed a classification system for

lateral habitats based on structural properties observed in

the streams of the Cascade Mountain Range.

The structure and hydraulics of aquatic habitats

change spatially and temporally as the stream expands

laterally and changes patterns of depth and velocity in

response to discharge. This process occurs in the active

channel, that portion of the valley floor that is subject

to frequent inundation and channel modification. The

definitions of stream habitat used in this study are based

on geomorphic and hydrologic characteristics of the

channel.

At the channel unit scale, habitat features are

generally at least one channel width long and are



53

classified by their morphology as cascades, rapids,

riffles, and pools (Grant 1986). Lateral habitats occur at

the sub-unit scale, have lengths that are less than one

channel width, and include stream margins, backwaters, and

off-channel, isolated pools (Fig. III.1).

Lateral habitats are distinguished according to

morphology, hydraulics, and orientation to the main

channel. Stream margin habitat is defined as areas of

shallow water and slow current along the stream edge that

are open to the main channel. In stream margins, the long

axis of the habitat feature is generally parallel to the

main flow. Structures that deflect flow away from the bank

create rapid transitions in velocity between stream margins

and the main channel, and this transition zone defines the

border of stream margins. Abrupt transitions in velocity

often occur at stream depths of 20 cm or less in third-

order streams in the Cascade Mountains, therefore, this

depth was used to arbitrarily separate stream margins from

areas of slow water in adjacent main channel pools. In

these study streams, we used an operational definition of

less than 20 cm in depth and less than 4 cm/s in velocity

to classify stream margin lateral habitat. Though stream

margins were not physically separated from the main

channel, hydrologic exchange between stream margins and the

main flow was limited. The movement of water within stream

margins either may be an eddy or may parallel adjacent flow

in the main channel.

Backwaters are areas of slow moving water that are

further removed from the influence of the main channel than

are stream margins. Backwaters may be either isolated

pools (off-channel backwaters), or be connected to the main

flow through gaps in the boulders and/or wood that form the

habitat. The limited connection to the main flow

distinguishes backwaters from stream margins. In

backwaters, the opening to the main flow is narrower than

the long axis of the habitat. Depth in backwaters and
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Figure III.1 Habitat structure of a hypothetical stream
reach.
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isolated pools may exceed 20 cm. Hydraulic exchange

between the main channel and backwaters is minimal, the

result of slow velocity and the constricted opening between

the two areas.

Intragravel flow is the primary source of hydraulic

exchange in isolated pools. These off-channel backwaters

have the longest hydrologic residence time of any lateral

habitat. Large boulders and woody debris are the primary

structural elements of off-channel backwaters. At high

streamflow, most off-channel backwaters become connected to

the main channel

Stream margin and backwater habitats have been

described as alcoves, eddys, drop zones, pockets, and off-

channel pools (Salli 1974, Keller and Swanson 1979, Cummins

et al. 1980, Swanson and Lienkaemper 1981, Sedell et al.

1984). I will use the term lateral habitat to include all

of these habitat types and distinguish between stream

margins, backwaters, and isolated pools or off-channel

backwaters according to the criteria defined above.

Because lateral habitats are defined in the context of both

structure and hydrology, the location of some lateral

habitats may change because of spatial variation associated

with streamflow fluctuations

Side channels include secondary channels parallel to

the main channel, overflow channels, and portions of

tributaries flowing across the active channel surface.

Side channels may include all habitat sub-units that

present in the main channel, but because of their

relatively small size, high ratio of perimeter to channel

area, and protection from high flow, side channels contain

a high percentage of lateral habitats.
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Study Sites

From June 1982 through February 1984, I investigated

the utilization of lateral habitats by cutthroat trout in

third-order streams in or near the H.J. Andrews

Experimental Forest in the Cascade Mountains of Oregon.

The morphology of lateral habitats and the ecology of the

cutthroat trout fry were studied in 100-m sections of three

streams in different riparian types: 450-yr-old coniferous

stand, 40-yr-old alder-dominated deciduous stand, and an

open, herb and shrub-dominated site that had been clearcut

logged. Study sites were selected at streams with

different riparian settings but with similar geomorphic and

basin characteristics (Table II1.1). The response of fry

populations to manipulation of lateral habitat was studied

in a 135-m reach approximately 1.5 km downstream from the

coniferous site. The channel structure of the manipulated

reach was similar to the other sites, but the riparian

setting was composed of old-growth conifers on the west

bank and a 15-year-old clearcut that contained small alders

and vine maple mixed with young Douglas fir on the east

bank. Cutthroat trout were the only fish species in the

study streams.

Coarse woody debris derived from riparian vegetation

is a major geomorphic feature in the forested reaches

(Swanson and Lienkaemper 1978), influencing channel

structure and creating debris dams. Large organic debris

is most abundant and evenly distributed at the coniferous

site. Remnant debris from the previous coniferous stand is

common at the deciduous site, but redistribution during

floods and the lack of new inputs created a more clumped

distribution. Coarse woody debris is largely absent from

the stream channel in the open site, a result of stream

cleaning after harvest (Fig. 111.2).
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Table III.1. Physical characteristics of the study streams.

SITE RIPARIAN ELEVATION
SETTING (m)

DRAINAGE
AREA (km2)

GRADIENT
(%)

ASPECT

Mack Coniferous 805

Quartz Deciduous 515

Grasshopper Open 880

5.4

9.7

7.6

10.0

5.3

10.0

NNW

SSW

NNE
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METHODS

Observations of Trout Fry

59

Growth, behavior, and population density of cutthroat

fry were observed in the three intensive study reaches.

Fry were observed by bank survey and snorkeling.

Observations in pools, riffles, and shallow water near the

stream edge were more efficient when the diver could look

upstream from the lower end of a pool and had an

unrestricted view of the entire stream width. Fry, as well

as adult fish, quickly adjusted to the presence of a diver

and usually resumed feeding within 30 seconds if the diver

remained motionless after entering the stream segment. Fry

closest to the edge were more effectively observed by bank

surveys. Crawling upstream along the bank, looking for fry

between and beneath cobbles, was most efficient for

observing young fry immediately after emergence and in

areas where stream geometry precluded entry of a diver.

Observations of fry distribution were initiated when

fry started to emerge from the substrate and continued at

two or three week intervals through the summer growth

period (June-October 1983). Fry were captured by slowly

moving a small dip net in front of the fish, then a meter

stick was placed behind the fry and moved closer until the

fry was startled and swam forward into the net. This

method was successful in 95 percent of capture attempts

when the fry first emerged, but capture efficiency

decreased to only 70 percent as the fish grew larger near

the end of the study period. If a fish was not captured,

its length was estimated by comparing its size to an

adjacent particle in the substrate and using a small ruler

taped to the dip net to measure the length of the particle.

When each fry was caught, it was measured quickly for total

length and returned to the stream.
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Habitat type and stream depth were recorded at the

point where each fish was first observed. Velocity was

measured with a Montedoro Whitney (folded magnetic field)

current meter. The distance to the nearest stream edge,

distance to nearest cover, cover type, and substrate size

distribution were also recorded at the focal point. Use of

cover and substrate was determined by direct observation of

fry where they maintained focal feeding positions.

Availability of cover and substrate was determined by

mapping substrate size classes and cover type in the

lateral habitats at each reach. The focal point was

defined as the spot where an undisturbed fish was first

observed. The focal point is the center of the territory

occupied by an individual fish and is generally the locus

of feeding behavior.

A final census of fry was conducted at the end of the

summer season using a combination of electrofishing and

snorkeling. Fish were collected using a backpack

electroshocker, sorted by habitat or treatment type, and

held in buckets until they could be weighed and measured.

Fish were then censused by snorkeling in each stream

section, and any remaining fry were collected by hand

netting. Habitat parameters (depth, substrate, etc.) were

not measured when the electroshocker was used to collect

fry because the fish were often displaced from their focal

position.

Benthic Invertebrates and Feeding Behavior of Fry

Benthic invertebrates were sampled from backwaters and

stream margins from each site to evaluate potential food

supply and to compare invertebrate densities with fry gut

contents. Invertebrates were collected using a modified

Hess sampler with a 250-p mesh. All samples were picked

using a dissecting microscope at 50x magnification.
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Gut contents of trout fry were sampled three times

during the summer of 1983. Fry were collected for feeding

analysis when they were first observed after emergence, in

mid-summer after they had begun a rapid growth period, and

at the end of summer when fry began to occupy different

habitats. Each fish was captured with a dip net then

immediately preserved in 90% ethanol solution for later

dissection and identification of prey items. Fry were

collected outside of the intensive study sections except

for the final sample and only a small number (5-10) were

taken from each site for each sample.

Manipulation of Lateral Habitat

The experimental manipulation of lateral habitat was

completed in June 1983, prior to emergence of fry in lower

Mack Creek. Nine stream sections were randomly assigned to

one of three treatments: increased lateral habitat, reduced

lateral habitat, and no change. Each section was 15 meters

long and each treatment was repeated three times.

Stream margin habitat area was increased by moving

cobble and small boulders into rows approximately

perpendicular to the bank forming deflectors that slowed

current. Backwaters were created by making semi-circular

rows of rocks along the stream bank. Existing backwater

and stream margin habitat was enhanced where possible by

providing greater protection from fast current and by

increasing depth near the edge (Fig. 111.3). Lateral

habitat was reduced by cutting off and filling in existing

backwaters, and by arranging cobbles in rows parallel to

the channel margin. Small boulders near the stream margin

were pushed towards mid-channel, decreasing edge roughness

and eliminating some lateral habitat. Shrub and herb cover

along the bank was trimmed to equalize the abundance of

plant cover in each of the treatments.



Figure 111.3. Examples of channel structure and habitat distribution in increased
lateral habitat (left), reduced lateral habitat (middle), and control
(right) sections of the manipulation reach. P=pool, R=riffle, -

Ra=rapid-cascade, Cm=stream channel margin, and BW=backwater.
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RESULTS

Fry Populations in the Riparian Study Reaches

Cutthroat trout fry began to emerge earliest at the

deciduous site, starting by June 10 in 1982 and June 1 in

1983. The first fry at the coniferous site appeared about

three weeks later in both years. Fry at the open reach

were the last to emerge, first appearing about 10 days

later than in the coniferous reach. Emergence continued

for 1-3 weeks after the first fry were observed. The

sequence of emergence corresponded to differences in stream

temperature during the time trout eggs were developing in

the gravel. From May 1 to June 23, average stream

temperature at the deciduous reach was 7.0°C. During the

same period, average stream temperature was 6.4°C at the

coniferous site and 4.9°C at the open site.

The greatest density of fry in each reach occurred in

early summer after emergence was complete. At each site,

the largest number of fry was observed during the second

census of the summer (Table 111.2). No emigration or

immigration was observed after initial populations were

established. Immediately after emerging, fry established

territories in lateral habitats that were maintained until

the end of summer. The number of fry counted generally

decreased in successive observations, but the lowest

density was never less than 30 percent of maximum observed

density. In the final census, which included fry captured

by electrofishing and those observed by snorkeling, more

fry were counted than in the previous observation at both

the deciduous and open reaches. In the final census at the

coniferous reach, however, the fry population was at the

lowest level of the summer
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Table 111.2. Number of fry observed in 100-m reaches of
each riparian site in 1983.

Census Interval Coniferous Deciduous Open

June 23 - 16 -
June 26-30 49 67
July 7-14 60 24 14
Jul 22-Aug 4 42 21 78
Aug 11-Aug 13 * 41 47
Aug 31-Sept 3 36 53 46
Oct 6-8 20 66 60

*No census made at the coniferous site.

Because fry were observed repeatedly throughout the

summer, only non-destructive techniques could be used to

evaluate population size and habitat utilization. No

marking or tagging were possible because fry were very

small and easily injured at the start of the study period.

Estimates of fry populations made by visual observation

were influenced by time of day and cloud cover. Fry were

most active and easier to see during the middle of day and

on clear days. At the deciduous reach, poor conditions for

observation (patchy clouds and rain) resulted in low

population counts on July 14 and August 3. Data from those

dates were not used to compute the average population

density at the deciduous reach.

The size of fry populations in each reach was

proportional to the amount of lateral habitat. The

deciduous and open reaches had approximately 30 percent

more lateral habitat and averaged 29 percent more trout fry

than the coniferous reach (Table 111.3). In lateral

habitats of all three reach types, average fry population

density was 0.750/m2. Density in lateral habitats was not

significantly different between reaches (p>0.10,ANOVA).
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Table 111.3. Cutthroat trout fry density in 100m riparian
study reaches in summer 1983. Average number
of fry after emergence was complete.
Observations at coniferous (n=5), deciduous
(n=5) and open (n=4) sites.

Site Number
of Fry

Reach Volume
#/m3

Reach Area LH Area

Coniferous

Deciduous

Open

41.4

56.8

57.8

0.549

0.648

0.433

0.132

0.155

0.156

0.752

0.712

0.785

Fry Growth

From June to October, the length of cutthroat fry in

the study streams increased threefold and weight increased

more than thirtyfold. Fry in the deciduous reach emerged

earlier and maintained greater average length than fry in

the coniferous and open reaches (Fig. 111.4). Fry in the

open reach had the smallest average length for most of the

summer. However, fry in the open reach had the largest

length increase in late summer.

The sum of mean daily temperature (degree days) from

the time of emergence to the final sample was much higher

at the deciduous site (1223 degree days) than at either the

coniferous (957 degree days) or open (831 degree days)

reaches. Accumulation of degree days was significantly

correlated with increase in fry length at each of the study

reaches (Fig. 111.5). The greatest increase in fry length

was at the open reach. Growth rate per degree day,

expressed as the slope of the length versus degree day

regression, was greater at the open site than in either

forested reach (open>coniferous or deciduous, p<0.05; test

of slope difference in regression, Neter and Wasserman

1974).
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At the end of summer, there was a broad range in the

length of fry in each reach. Fry length varied from 35-65

mm in the coniferous reach, 30-70 mm in the open reach, and

45-80 mm in the deciduous reach. The length frequency

distributions were skewed toward larger fish, and there

were few fry less than 50 mm long in any of the reaches

(Fig. 111.6). Average fry length was 53.3 mm at the

coniferous reach, 56.5 mm at the open reach, and 67.4 mm at

the deciduous reach.

Length/weight regressions for fry from each reach

conformed to a growth pattern of the form:

W = aLb

where W = weight (g); L = length (mm); and a and b are

constants. Unchanging body form, characteristic of

isometric growth, is indicated when the slope (b) of the

logL versus logW regression equals 3 (Ricker 1975).

Condition factor (K = W/0 x 105), was close to 1.0 in each

of the reaches (Table 111.4).

Table 111.4. Condition factor and length-weight regression
values from October fry census.

Site K a (*10-5) b r2

Coniferous 0.944 0.73 3.06 0.91

Deciduous 1.117 2.04 2.85 0.88

Open 1.001 1.95 2.83 0.86
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Figure 111.6. Fry length-frequency distributions from the
October, 1983 census.
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Habitat Utilization

Fry were observed exclusively in lateral habitats for

at least one month after emergence. By the end of summer,

more than 50 percent of the fry remained in lateral

habitats in the coniferous and open reaches, and nearly 40

percent of the fry remained in lateral habitats at the

deciduous reach. As fry grew, some moved laterally to

pools and riffles adjacent to the lateral habitats they

initially occupied. The largest fry were the to first to

move to pools and riffles (Fig. 111.7).

The sequence of habitat utilization was the same in

each reach. Immediately following emergence, about 65

percent of the fry were in stream margins, 30 percent in

backwaters, and 5 percent or less in isolated pools. Fry

did not move out of these habitats for about six weeks, but

the characteristics of their habitats changed. As stream

level lowered during the summer, some stream margins became

backwaters, and some backwaters became isolated pools. As

a result of lower stream levels, lateral shifts in habitat

class occurred and the proportion of backwaters and

isolated pools increased relative to total lateral habitat.

Because the fry did not move from their initial habitats,

the number of fish observed in backwaters and isolated

pools increased to about 50 percent of the total. Fry were

not moving from stream margins to backwaters and isolated

pools, but rather backwaters and isolated pools were

"moving" to the fry because of lateral shifts in habitat

distribution.

In late summer, streams were at their lowest level and

stream width decreased. The contrast between lateral

habitat velocity and pool velocity was at its minimum. The

larger fry in the stream margins began to move to pools. As

a result, the proportion of fry in stream margins

decreased. Fry in backwaters were less likely to move, and

fry in isolated pools could not move to other habitats.
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The segregation of the 0+ year class between stream margins

and other lateral habitats did not affect the total fry

population in the forested reaches; average length was not

significantly different between habitat types (ANOVA

p>0.05), and mortality due to drying of lateral habitats

was not observed. In the open reach, fry in isolated pools

and backwaters were significantly shorter than fry in other

habitats (ANOVA and LSD of mean length, p<0.01), and some

fry (four were observed) were stranded in isolated pools

that had become dry.

In October 1983, 65 percent of the fry were still in

lateral habitats at the coniferous reach and 53 percent

remained in lateral habitats at the open site; but only 38

percent of the fry population were found in lateral

habitats at the deciduous reach. Smaller fish stayed

closer to the edge in lateral habitats, and the largest fry

were most likely to migrate to pools and riffles. Fry at

the deciduous reach were larger than in the open or

coniferous reaches and a larger proportion of the fry

population at the deciduous reach moved from lateral

habitats to pools and riffles at the end of summer than in

the open or coniferous sites.

Fry Behavior and Changes in Focal Point Parameters

Most fry remained in lateral habitats until they were

at least 50 mm long, but fry moved to areas of faster,

deeper water within lateral habitats as they grew. Focal

point velocity, depth, and distance from the edge increased

gradually up to the time fry began to move out of lateral

habitats into pools and riffles. With the shift in habitat

utilization, focal point parameters increased abruptly.

When fry moved from lateral habitats to pools and riffles

the average focal point velocity, depth, and distance from

the edge increased at least two-fold.
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Fry moved from lateral habitats to pools and riffles

at a time when the velocity and depth in main channel

habitats were the lowest of the year. At the same time,

fry had become large enough to maintain focal points in

faster water. Fry at the deciduous site were the largest

and were observed in the deepest, fastest, water furthest

from the edge, but the relationship between the length of

fry to focal point velocity, depth, and distance from the

edge was the same in all reaches.

Current velocity. Newly emerged fry exhibited swimming

behavior (regular tail movements and rheotaxis) at

velocities too low to be measured with the current meter

(velocity less than 1 cm/s). Fry were obviously responding

to velocity differences within lateral habitats, but the

velocities were either too low to be measured, or occurred

in areas that were too small to place a current meter.

Another possibility was that velocity and direction of flow

were altered when the probe of the current meter was placed

at the focal point and an accurate reading was not

obtained.

Only fry 30 mm and longer were observed at velocities

greater than 1.0 cm/s. The average focal point velocity

never exceeded 2.0 cm/s at any of the observation periods

in any reach. Many fry, regardless of length, remained in

slow water. Fry that moved out of lateral habitats to

faster water (>5.0 cm/s) were generally longer than 55 mm.

Only about 35 percent of the total number of fry were

observed at velocities greater than 1.0 cm/s, and no fry

were observed at velocities greater than 15 cm/s.

Large (50-70 mm) fry that remained in stream margins

and backwaters often moved near faster water at the border

between the lateral habitat and the main channel. The

transition between slow water in the lateral habitat and

faster water in an adjacent riffle was abrupt. Velocity in

the main channel was often 10-20 times greater than in
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adjacent lateral habitats and the transition zone between

habitats was only a few centimeters wide. Fry were adept

at exploiting this gradient to maximize feeding opportunity

with a minimum expenditure of energy. From their position

at the border of the lateral habitat, fry lunged at

drifting prey in the faster water and then retreated to the

lower velocity habitat. Fry were often displaced 15-30 cm

downstream as a result of this behavior but quickly

returned to their focal position.

Stream depth at focal position. Fry maintained focal

positions near, but not on, the stream bottom in areas of

shallow water. For most of the summer, fry held positions

in the water column of about 60 percent of stream depth at

the focal position (Focal depth = 0.67 (stream depth)-1.65;

r2=0.803; n=60).

Fry were first observed in shallow water between 6 and

12 cm deep. From June to the middle of August, average

depth at the focal point increased slowly in each of the

study reaches. Fry moved to deeper water as they grew, and

stream depth at the focal point increased; but most fry

remained in water less than 20 cm deep for at least six

weeks after emergence (Fig. 111.8). Average focal depth

increased rapidly from mid-August to early September,

especially at the deciduous reach, but the average depth

was always less than 35 cm. Focal point depth was

positively correlated with fry length at each site (average

depth(cm) = 0.59 avg length(mm)-6.86, p<0.025, r2= 0.906,

n=13; Fig. 111.9)

Exceptions to the general pattern of fry length and

focal point depth occurred when some of the larger fry

remained in shallow water. Though many larger fry remained

at depths less than 40 cm, only fry longer than 50 mm were

found at depths greater than 40 cm (Fig. 111.10).
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Distance to refuge. Fry in lateral habitats usually had a

retreat or refuge where they would go to avoid capture.

When disturbed, fry escaped to crevices in substrates or

beneath overhanging boulders and wood. Fry were easily

frightened by the movement of observers on the bank,

especially if movements were made directly above the focal

point. Escape responses were elicited by movement above

the fry at reaction distances of less than approximately 2

meters. Fry were much less likely to seek refuge when

approached laterally by a diver in the stream. The

equipment used to collect fry could be moved very close to

the fry before a fright response would occur. Fry reacted

to lateral approach by a diver up to a distance of 0.6 m.

Larger fry were more sensitive to both overhead and lateral

approaches than smaller fish.

Two types of fright behavior were commonly observed:

an "alert" response, in which fry were poised for escape,

and the actual escape, in which fry swam to a refuge. Upon

the initial approach (usually 0.5 to 1.0 m) of the

observer, fry would move from the focal point to a position

just above the substrate. Fry utilized patches of

heterogeneous substrate (usually gravel mixed with coarse

detritus) for this initial retreat. Upon closer approach

(nearer than 0.5 m) or after an unsuccessful capture

attempt, fry swam to a refuge. Unless they were further

disturbed, fry usually returned to their original focal

position within one minute.

Fright refuges were located within 1 to 50 cm of the

focal point. Newly emerged fry stayed within 5 cm of

cover. Distance to cover increased as fry grew, but

average distance to cover never exceeded 8 cm at the

coniferous and open reaches, or 16 cm at the deciduous

reach (Fig. 111.11).
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Cobble and rubble substrates were the most frequently

utilized refuges. The spaces between particles of cobble

and rubble were used by 30-42 percent of the fry. Larger

substrates and roughness features that formed boundaries of

lateral habitat were also frequently used. About 25

percent of the fry used refuges beneath boulders and 18

percent escaped beneath large wood debris. Bank and

channel vegetation, coarse particulate organic matter, and

gravels were also important refuge types but were used less

frequently.

Distance to stream edge. Newly emerged fry were observed

within 15 cm of the stream edge at each riparian site. The

distance from the focal point to the shoreline increased

slowly for most of the summer then increased rapidly when

fry began to move to main channel habitats (Fig. 111.12).

On any given date, fry at the deciduous reach maintained

focal positions further from the stream edge than fry at

either the coniferous or open reaches; however, distance to

the edge was correlated with fry length (average distance

to edge (cm) = 2.16 (avg. length (mm))-49.15, r2=0.762,

p<0.05) (Fig. 111.13). All fry less than 50 mm long were

located within 80 cm of the edge. Conversely, more than 80

percent of fry 60 mm and longer were located at least one

meter from the the nearest stream edge (Fig. 111.14).

Substrate, Temperature, and Invertebrate Food in Lateral

Habitats

Substrate utilization. Cutthroat trout fry were most

likely to maintain a focal point that was above

heterogeneous substrate. At least 65 percent of the fry in

each stream were observed over mixtures of cobble, rubble,

pebbles and gravel. Few fry were seen in proximity to

smooth, homogeneous substrates, such as boulder surfaces or

uniform patches of sand or fine particulate organic matter.
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Comparison of substrate utilization with substrate

availability showed that fry selected patches of pebble and

gravel for focal point location. In each reach, fry were

most often observed over pebble-gravel substrates and

utilized this substrate size out of proportion to

availability. Pebble and gravel particles averaged 19

percent of all substrate in lateral habitats at the open

and coniferous reaches and 36 percent at the deciduous

reach. The extent of selection for substrate size classes

can be measured by modification of Ivlev's (1961)

electivity calculation:

E = (r-p)/(r+p)

where E = electivity, r = proportion of use, and p =

proportion in environment. Electivity ranges from -1 to

+1; -1 indicates the strongest negative selection, +1

indicates the strongest positive selection. Electivity by

fry for pebble-gravel substrates was 0.32 in the coniferous

reach, 0.19 in the deciduous, and 0.44 at the open site.

Electivity for pebble gravel substrates was greater than

for any other substrate class (Fig. 111.15). Differences

in electivity between the three reach types were related

primarily to differences in the availability of pebble-

gravel substrates. The open site had the largest value for

electivity of pebble-gravel substrate, but this value was

influenced by the low availability of this substrate class.

Pebble-gravel availability was lowest at the open reach and

a greater proportion of fry utilized cobble and rubble

substrate than pebble-gravel. The low electivity for

pebble-gravel substrates at the deciduous site resulted

from greater availability of that habitat type. The

percentage of fry using pebble-gravel substrates at the

deciduous reach was greater than at the coniferous and open

reaches.
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Fry also used cobble-rubble substrates extensively; 34

percent of all fry were observed at focal points associated

with this substrate class. However, cobble-rubble was

available in a similar proportion as use (about 35% for

each measure), therefore no electivity was shown.

Electivity was also neutral for sand, but both usage (10%)

and availability (9%) were low.

Fry clearly avoided establishing focal positions in

areas above boulder surfaces. Electivity for boulder

substrates was -0.70 at the coniferous reach, -0.93 at the

deciduous reach, and -0.96 at the open reach. Fine organic

matter (FOM) was less common in lateral habitats than other

substrates (averaged 13% of surface substrates) and

generally occurred in small patches very near the stream

edge. Fry showed negative electivity for FOM at the

coniferous (-0.40) and deciduous (-0.33) riparian reaches,

but a small positive selection (E =0.20) at the open site.

Temperature and Dissolved Oxygen. Water temperature in

lateral habitats was always within 1.5°C of the temperature

observed in the main channel at the same time. In mid-

summer, several stream margins and backwaters were slightly

warmer than the main channel but the difference was usually

less than 1°C. Mid-summer temperature in isolated pools

was expected to be much warmer than the main channel

because of the long hydrologic residence time in off-

channel backwaters; but there was no difference between

isolated pools and the main channel at either of the

forested reaches, and isolated pools were generally cooler

than the main channel at the open reach. The biggest

difference in maximum temperature was at the open site.

Mid-afternoon temperatures in August were the warmest of

the year. At the open reach in August, backwater

temperatures averaged 14.4°C and the main channel average

was 13.5°C. On the same date, isolated pools in the open

reach were 1°C cooler than the main channel. In winter,
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water temperature was nearly equal in all stream habitats.

Some backwaters and isolated pools were slightly warmer in

winter than the main channel but the difference was less

than 0.5°C.

Dissolved oxygen concentration was near saturation

level in stream margins and backwaters in all seasons (9.0-

11.5 mg 02/1 depending on site altitude and water

temperature). Isolated pools were significantly lower in

dissolved oxygen in mid-summer than other lateral habitats

or the main channel (ANOVA, p<0.05), but oxygen

concentrations were never lower than 7.5 mg 02/1. The

lowest oxygen concentration recorded (6.1 mg 02/1) was

taken in early fall in an isolated pool at the deciduous

site that was filled with decomposing alder leaves.

Benthic Invertebrates. Lateral habitats supported benthic

invertebrate communities that were characterized by a high

abundance of chironomids and other detritivores.

Chironomid density exceeded 50,000/m2 in some backwaters

and average density for all lateral habitats was nearly

30,000/m2 (Fig. 111.16). Microinvertebrates, predominantly

oligochaetes, hydracarinid mites, ostracods and

harpacticoid copepods, had a average density of nearly

20,000/m2.

Macroinvertebrate populations were dominated by

collector-gatherer and shredder functional groups.

Collector-gatherers comprised nearly 80 percent of the

total number of invertebrates in lateral habitats. The

collector-gatherer group included the abundant chironomids,

but even if chironomids are excluded, collector-gatherers

represent more than 50 percent of the invertebrate

community in lateral habitats.

Among certain invertebrate groups, there were

significant differences in density between the three

riparian reaches. Differences between reaches were tested

by Kruskal-Wallace non-parametric ANOVA of ranked sample
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densities (Sokal and Rohlf 1981). Lateral habitats at the

deciduous reach had less than half the total invertebrate

density than either the coniferous or open reaches

(p<0.05). Total density was not significantly different

between the open and coniferous reaches (p>0.05). The open

and coniferous reaches had higher densities of chironomid

larvae and pupae (p<0.05), total Plecoptera (p<0.01), and

ostracods (p<0.01) than the deciduous reach. The deciduous

reach had the highest density of one mayfly,

Paraleptophlebia spp. (Deciduous>Open, p<0.05; Deciduous>

Coniferous, p<0.01). The open reach had the highest

density of Baetis spp. (Open>Decid. p<0.01; Open>Conif.

p<0.10).

Feeding Behavior and Diet of Fry

Cutthroat fry fed extensively on small and medium

sized invertebrates in the water column and at the water

surface. Fry fed mostly on drifting prey that either

originated from the benthos of lateral habitats or entered

lateral habitats from the main channel. Fry did not feed

directly on the bottom but were quick to exploit prey that

swam up from the substrate. If the sediment was disturbed

by the observer, fry responded quickly to investigate the

particles that were stirred up and were effective at

capturing prey that had been dislodged.

Even the smallest and most recently emerged fry (18-22

mm long) exhibited feeding behavior and positive rheotaxis.

Some fry nosed into cracks between cobbles and boulders at

the stream edge, facing the current that entered through

the spaces. More frequently, fry were located farther from

the edge (5-15 cm) near areas of moving water within the

lateral habitat, actively feeding on drift and at the

surface. Young fry (less than 2 weeks after emergence)

that maintained focal feeding positions near faster water

alternated between swimming and resting. Periods of
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swimming and feeding in the water column were followed by

resting in small depressions in the substrate. Older fry

swam continuously when feeding. As fry grew, they

maintained focal positions in progressively faster water

closer to the transition zone between low velocity in

lateral habitats and the higher velocities in the main

channel. At the transition zone, fry remained within

lateral habitats and maintained focal positions where

velocity was less than 4 cm/s. Sustained swimming was

punctuated by smooth, lateral movements to capture prey

drifting in slow water and less frequent accelerations, or

feeding lunges, to capture prey in faster water just

outside of the lateral habitat. In either case, the

feeding behavior was followed by a return to the focal

position.

Fry in isolated pools and some backwaters did not

maintain fixed focal positions. Because little surface

flow enters these habitats, opportunities for drift feeding

were reduced and fry exploited other sources of food. In

isolated pools, fry adopted a searching foraging behavior

more typical of fry in lentic habitats. The pupae and

emerging adults of chironomid midges frequently were

consumed as they swam from the substrate to the surface.

Ostracods and some mayflies (e.g., Ameletus), potential

prey that swim just above the substrate, were more abundant

in isolated pools and backwaters than in other habitats and

were observed more frequently in the stomachs of fry

collected from isolated pools and backwaters than in fry

collected from stream margins and pools. Terrestrial

insects and adult aquatic insects that landed on the water

surface of backwaters and isolated pools were also eaten.

Fry in pools and riffles fed on drift deeper in the

water column than did trout of older year classes. By the

end of summer, large fry (55-75 mm) in pools and riffles

maintained focal points that were near the bottom and

generally downstream from submerged cobbles and small
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boulders. These obstructions formed eddies that reduced

velocity and created micro-habitats within the pool or

riffle that were utilized by fry. Because of turbulence

near the bottom, fry could be oriented in any direction and

did not consistently face upstream as did most of the 1+

and older trout. Near the bottom, fry had access to

drifting prey that had passed below larger fish located at

the head of the pool or riffle, prey that was not eaten by

the larger fish, and prey that entered the drift from

within the habitat.

Chironomid midge larvae occurred in nearly 90 percent

of the stomachs examined and were the most frequently

consumed prey. Chironomid adults and pupae were also

common in the diet and, together with chironomid larvae,

made up over 50 percent of the total number of prey items

consumed. Mayfly larvae, especially Baetis spp., were also

an important part of the diet. Mayflies occurred in over

half of the stomachs and made up over 25 percent of all

prey eaten. Fry consumed over thirty different prey taxa,

but chironomids, ephemeropterans, and ostracods numerically

dominated the gut contents, constituting 87.7 percent of

the total number.

Fry stomachs were usually full at the time of capture.

Of 36 fry sampled, none had empty stomachs. The mean

number of prey items per stomach was 17.6, the maximum

number was 51. The stomach of one 54-mm-long-fry contained

31 mayflies (25 were Baetis spp.), a tipulid (Antocha sp.),

a limniphilid (Apatana sp.), and 11 chironomids.

The average length of chironomids and baetids in the

diet was 2.0 mm and 2.8 mm, respectively, but fry

apparently ate larger prey when it was available. The

largest food item observed was a caddisfly, Lepidostoma, 18

mm long.

The average number of food items in fry stomachs did

not change as fry grew (regression of number of items
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Table 111.5. Diet of cutthroat trout fry. The number of
items in each invertebrate group, the number
in each group as percent of the total, and the
frequency of occurrence in all stomachs. Fry
were collected in June, August, and October.
N=36.

Prey Item Number Percent
of Total

Frequency of
Occurrence (%)

Coleoptera 6 0.9 13.9

Ceratapogonidae 4 0.6 8.3

Chironomidae
Larvae 235 37.1 88.9
Pupae 34 5.3 50.0
Adults 52 8.2 30.6

Empididae 1 0.2 2.8
Tipulidae 2 0.3 2.8

Ameletus 15 2.4 25.0
Baetis 78 12.3 63.9
Heptageniidae 23 3.6 30.6
Paraleptophlebia 6 0.9 13.9
Other Ephemeroptera 51 8.1 58.3

Gerridae 7 1.1 13.9

Chloroperlidae 4 0.6 11.1
Other Plecoptera 2 0.3 5.6

Sminthuridae 12 1.9 11.1

Apatania 3 0.5 5.6
Lepidostoma 4 0.6 8.3
Lepidostoma Pupae 4 0.6 11.1
Micrasema 5 0.8 5.6
Other Trichoptera 2 0.3 5.6

Gastropoda (Juga) 1 0.2 2.8

Hydracarina 9 1.4 13.9

Harpacticoidia 1 0.2 2.8

Ostracoda 62 9.8 30.6

Terrestrial Insects 10 1.6 16.7
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versus length of fry: p>0.05, r=0.337), but the composition

of the diet changed. Chironomid larvae were an especially

important part of the diet of newly emerged fry. In fry

less than 30 mm long, up to 100 percent of the total number

of prey items observed were chironomid larvae.

The percentage of chironomid larvae in the diet

decreased significantly as fry grew (p<0.01, r=-0.567)

(Fig. 111.17). Very few chironomid larvae were found in

fry longer than 55 mm (ave.=4.6). The decrease in the

number of chironomid larvae eaten was accompanied by an

increase in the number of chironomid adults consumed

(p=0.01, r=0.429. The number of baetid mayflies in fry

stomachs increased slightly as the fish grew (p=0.147,

r=0.247) and larger fry ate larger mayflies.

Interactive Behavior of Fry

The pattern of behavioral interactions among fry and

between fry and older cutthroat trout was influenced by

lateral habitat structure. Fry established territories in

lateral habitats that provided visual or spatial distance

from other fry. In stream margins, over 85 percent of the

fry occurred singly within a habitat sub-unit. In cases

where two or more fry occupied the same stream margin,

cobbles and woody debris created complexity and visual

isolation within the habitat. In some backwaters,

especially off-channel backwaters that physically prevented

emigration, fry often occurred in groups. Less than 40

percent of the fry in off-channel backwaters occurred

singly, and as many as 10 fry were observed in one

backwater.

Aggressive interactions were observed in fry as small

as 30 mm long. Aggressive interactions were observed most

often in off-channel backwaters where several fry were

confined to a relatively small area. Aggressive behavior

was also more common among fry of similar size.
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For example, in early August in one isolated pool, a 35-mm

long fry was observed making repeated charges and nips at

the fins of a fry 31 mm long. In the same habitat at the

end of summer, aggressive interactions were no longer

observed, however one fry was 65 mm long and two others

were 42 mm and 45 mm long.

In stream margins and backwaters with heterogeneous

substrates, aggressive interactions were rare. Under these

conditions, fry could be visually isolated from each other

although they were often located less than 0.25 m apart.

No interactions between fry and larger fish were

observed. In early summer, fry were segregated from older

age classes by habitat preference. In late summer, when

some fry moved out of lateral habitats into pools, the 2+

and older fish generally were located at the head of pools

and near the surface. Fry were observed throughout the

pools but were most often located near the bottom or sides.

Habitat Distribution and Persistence.

Area of lateral habitat was greatest at each reach in

early summer, the time that cutthroat fry emerge from the

substrate. The deciduous and open sites had more total

lateral habitat area than the coniferous reach, but the

area of lateral habitat relative to stream area was nearly

equal in each of the reaches (Table 111.6).

Area of lateral habitat was reduced either by low

water in late summer or by inundation by flow from the main

channel during winter storms. At low streamflow, stream

width and elevation of the water surface decreased. As a

result, the area of backwaters was reduced off-channel

backwaters were further isolated from the main channel.

Stream margin habitat was reduced when stream width

decreased because of the shape of the channel cross

sections. At low flow, the side slopes of the wetted cross

section were steeper and depth increased more rapidly with
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distance from the edge, reducing the area of stream margin

habitat. Lateral habitat area was reduced 10-30 percent

during late summer when streamflow was lowest.

Table 111.6. Area and relative distribution of habitats in
100-m sections of the study reaches. Habitat
area (m2) does not include exposed boulders or
mid-channel structures.

Reach Pool Riffle Lateral Habitat Total

Area % Area % Area % Area

Coniferous 67.1 21.3 192.5 61.5 55.1 17.5 314.7

Deciduous 124.2 34.1 160.5 44.1 79.3 21.8 364.0

Open 103.4 27.8 193.7 52.3 73.6 19.9 370.7

Increased flow reduced the area of lateral habitat to

a greater extent at the open and deciduous reaches than at

the coniferous reach. At stream flow of 0.35 m3/s,

approximately twice summer base flow, lateral habitat area

was reduced nearly 40 percent at the open and deciduous

reaches, but less than 5 percent at the coniferous site

(Fig. 111.18). At flows greater than 0.35 m3/s, area of

lateral habitats decreased proportionally to increases in

streamflow. There was no difference between reaches over

this range of flows. During major storm flows (Q > 1.5

m3/s), area of lateral habitats was reduced by 70 to 80

percent at each reach.

Lateral habitat area at the coniferous reach changed

less during the summer (streamflow range of 0.025-0.250

m3/s in Fig. 111.18) than at the deciduous or open reaches.



20

0

20

40

60

80

CONIFEROUS

DECIDUOUS
0

OPEN.

0 0.25 0.50 0.75

.

1.00 1.25

STREAMFLOW (m3 SEC-1)

1.50 1.75

Figure 111.18. Effect of streamflow on the area of lateral habitats in each of the
riparian reaches (percent change in area from early summer values of
20 reference habitats at each site from June 1982-January 1984).



100

At the lowest summer flows, the number of lateral habitats

was reduced by 10 percent or less in the forested reaches,

but decreased 40 percent in the open reach.

Despite the fluctuations in area caused by changes in

streamflow, lateral habitats were the most persistent of

all stream habitats. Velocity and depth varied less in

proportion to changes in streamflow in lateral habitats

than in pools or riffles. During large storms, when many

pools in the study reaches became erosional, most lateral

habitats remained depositional zones. At the highest

streamflow, the number of lateral habitats in each reach

was reduced, but more than 25 percent of lateral habitats

mapped in summer retained the characteristics of low

velocity and moderate depth during the largest observed

streamflows.

Experimental Manipulation of Lateral Habitat

Manipulation of lateral habitat led to substantial

changes in density of fry. The observation that fry

population density was proportional to the area of lateral

habitat in the riparian reaches was tested experimentally

by the manipulation of lateral habitat structure. In

increased lateral habitat sections, manipulation of stream

edge structure resulted in 2.4 times more area of lateral

habitat than in the control sections. In the sections with

reduced lateral habitat, area of lateral habitat was 6.9

times less than in the control sections (Table 111.7).

Area of pools and riffles was similar in each treatment.

Total stream area was greatest in sections where area of

lateral habitat was increased.

Trout fry exhibited an immediate and sustained

response to the alteration of lateral habitat. In the

first census following emergence, increased lateral habitat

stream sections averaged 26.7 fry, the control 13.3 fry,

and reduced lateral habitat sections 3.0 fry. This
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relative distribution of fry did not change in four

subsequent observations during the summer (Fig. 111.19).

The difference between treatments was highly significant at

each observation date (LSD of mean number of fry = 4.9 at

p<0.001).

Table 111.7. Habitat area and distribution in the habitat
manipulation reach. Areas (m2) are the
average of three fifteen meter sections in
each treatment. LH = lateral habitat.

Treatment

Increased LH Reduced LH No Change

Total Stream Area
s.e.

Pool Area
s.e.

80.2
1.3

8.3
1.0

55.6
1.0

8.6
4.0

66.6
5.9

6.7
1.6

% Pools 10.3 15.5 10.1

Riffle Area 53.4 43.5 50.3
s.e. 0.7 3.5 5.6
% Riffles 66.6 78.1 75.6

Rapid Area 3.0 2.6 3.1
s.e. 0.5 0.5 0.5
% Rapids 3.7 4.7 4.6

Lateral Habitat Area 15.6 0.9 6.5
s.e. 1.1 0.2 0.6
% LH 19.5 1.7 9.7

It was hypothesized that the difference between

treatments would become smaller in successive observations

as fry grew larger, streamflow decreased, and the contrast

between velocity and depth in lateral habitats and main

channel pools and riffles was reduced. The relative

distribution of fry in each treatment, however, did not
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change throughout the summer, suggesting that fry did not

move between treatment sections. By the end of summer,

decreased streamflow had created areas of lateral habitat

adjacent to pools in the reduced lateral habitat sections,

but additional fry did not move into these areas from

adjacent treatment sections. Most fry remained in the same

stream section that they first occupied. Some fry moved

laterally into pools and riffles, but did not migrate

upstream or downstream.

In the increased lateral habitat sections, a 2.4-fold

increase in area of lateral habitat resulted in a 2.4-fold

increase in the average number of fry. Straightening

stream sections reduced area of lateral habitat 86 percent

and resulted in a 83 percent reduction in average number of

trout fry. Fry density per unit of stream area and volume

showed the same relationship, higher density in increased

lateral habitat sections and lower density in reduced

lateral habitat sections (Table 111.8). The density of fry

in lateral habitats was similar in all treatments.

Table 111.8. Cutthroat trout fry population density in the
habitat manipulation stream. Mean fry density
from five observations; July to October 1983.

Increased LH

Treatment

Reduced LH No Change

Number of Fry 26.0 2.2 11.9
s.e. 1.4 0.4 0.8

Number/m2 0.33 0.04 0.18
s.e. 0.03 0.01 0.01

Number/m2 LH 1.67 2.37 1.84
s.e. 0.27 0.04 0.08
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Biomass of trout fry was significantly higher in the

increased lateral habitat sections than in either the

control or reduced lateral habitat sections. In October,

when fry were captured by electrofishing and weighed for

the first time, average biomass of fry in the 15-m long

stream reaches was 0.846 g/m2 in the sections with

increased lateral habitat, 0.432 g/m2 in the control

sections, and 0.116 g/m2 in the sections with reduced

lateral habitat (LSD of mean biomass = 0.187, p<0.01).

Average length and weight of fry were slightly less in

the increased lateral habitat sections than in the other

treatments but the difference was not statistically

significant (mean length: ILH=58.1 mm, control=61.5 mm,

RLH=60.1 mm; mean weight: ILH=2.26 g, control=2.33 g,

RLH=2.38 g. p>0.10, Kruskal Wallis). There were more than

twice as many fry longer than 55 mm in the sections with

increased lateral habitat than in the control sections and

more than 10 times as many large fry as there were in the

sections with reduced lateral habitat. Increasing the

amount of lateral habitat in each section significantly

increased the population of all fry size classes.
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Fry occupy lateral habitats immediately after

emergence and may not move from lateral habitats until the

end of their first summer. The experimental manipulation

of lateral habitat confirmed the proposed relationship

between lateral habitat and the establishment of cutthroat

trout fry populations. The strong correlation between

lateral habitat area and number of fry in a reach

underscores the importance of lateral habitats in the early

life history of cutthroat trout. Stream margins and

backwaters were shown to be particularly suited to the

habitat requirements of cutthroat trout fry, providing

appropriate gradients of depth and velocity, cover, and

access to invertebrate food. Other tests of fry response

to lateral habitat have shown increased carrying capacity

of introduced fry in artificial rearing channels with

enhanced edges (Mundie 1969) and have demonstrated that fry

introduced into lateral habitats remain there through

winter high flow (Bustard and Narver 1975). In this study,

increased lateral habitat resulted in increased population

density of native cutthroat trout fry in a naturally

stocked stream where fish residence in both habitat and

reach was entirely volitional.

Beginning with the process of emergence, cutthroat fry

exhibit a sequence of adaptive behaviors that position the

fish in stream habitats that are appropriate to the size

and metabolic capacity of the fry. If fry population

density is determined by competition for food and territory

(e.g., coho salmon fry, Mason and Chapman 1965), then

increased lateral habitat area and stream edge

heterogeniety provide additional space for processes of

segregation and isolation to operate. Increased area of
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lateral habitat would result in greater population density

in a stream reach because there is more area for resident

fish and fewer fish would be forced to emigrate downstream.

Competition and aggressive behavior rarely occur

during the period following emergence when trout fry

establish their initial territories (Salli 1974).

Competitive behavior and aggressive interactions occur as

the fry grow larger; but by that time most territories have

been established, and the complexity of structure in most

lateral habitats tends to reduce the frequency of

aggressive encounters. Interactive segregation by age

class may occur on the basis of vulnerability to predation

by +1 and older trout, but this mechanism may not be

important for cutthroat trout in small streams. Older fish

and fry were frequently observed in close proximity in the

same habitats. Also, in stomach samples from over 100

adult trout captured in the study streams, only one fry was

recovered (Margaret Wilzbach, Univ. Maryland, pers.

communication).

Other explanations of habitat utilization by cutthroat

trout fry may be derived from a consideration of channel

structure, cutthroat trout spawning behavior in small

streams, and the behavioral ontogeny of salmonid fry. In

some cases, cutthroat trout spawn in lateral habitats and

fry emerge directly into appropriate territories. Spawning

activity and cutthroat trout eggs have been observed in

lateral habitats and pool margins in the deciduous study

reach, and newly emerged fry have been observed in

backwaters with no connection to the main flow at the time

of emergence.

Dispersal mechanisms of newly emerged fry in the main

channel also result in the establishment of territories in

lateral habitats. Bams (1969) observed that emergent

sockeye salmon fry do not immediately swim to the surface

to fill their air bladder upon reaching the surface of the

gravel, a prerequisite for normal swimming and feeding.
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Instead, fry remain near the bottom and swim laterally in

short bursts then sink to the bottom and rest. Fry

continue this behavior and make progressive movements

toward the side of the channel until they eventually come

to shallow areas near the stream edge. Flow

characteristics of lateral habitats and structure of the

stream channel increase the probability that fry exhibiting

this behavior will eventually be located in lateral

habitats. After reaching shallow, low velocity areas

(lateral habitats), fry repeatedly swim up and swallow air

until they achieve neutral buoyancy. This sequence of

behavior transports fry to suitable habitats with minimal

exposure to predators and little downstream movement. If

the margins of the stream channel are abrupt and have

either deep water or fast current, fry will be displaced

downstream until they reach suitable habitat.

Habitat Characteristics

Because fry do not move for several months once they

establish territories in lateral habitats, the quality of

the habitat is critical for growth and survival. Changes

in focal point depth, distance to the edge, and distance to

refuge in cutthroat trout fry can be explained by increased

swimming ability with growth. Many stream salmonids occupy

the highest velocity water that their swimming ability and

the availability of velocity shelter will allow, therefore

increasing their exposure to drifting prey (Chapman and

Bjornn 1969, Lister and Genoe 1970, Fausch 1984). The

movement of cutthroat fry from areas of slow current in

early summer to faster water in pools and riffles at the

end of summer was consistent with this concept. However,

newly emerged fry remained in areas of such low current

velocity that the establishment of a fry length-current

velocity relationship was not apparent until the fry grew

to a length of about 40 mm. Only fry that were 55 mm long
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moved to pools or riffles and the fish that moved remained

near areas of slow water within the main channel habitats.

Fry were first observed in areas of very slow or still

water and moved to progressively faster water as they grew.

During the summer, rapid fry growth and increased swimming

capacity are associated with changes in habitat

characteristics, particularly in gradients of velocity and

depth. If fry select their position in the stream

according to velocity, then focal point depth and distance

from the focal point to the edge will depend on the current

velocity contours of the habitat. The increase in focal

point depth and distance from the edge coincided with

increase in fry size and physical changes in lateral

habitats. Most fry occupied areas of progressively higher

current velocity throughout the summer, though streamflow

was decreasing in each of the study reaches. As a result,

current velocities appropriate to fry swimming ability were

located progressively further from the stream edge.

Riparian Influence on Fry Populations

Productivity of lateral habitats, access to

invertebrate prey, and temporal stability of habitat

characteristics are all potentially influenced by the

effect of riparian vegetation on energy inputs and channel

structure (Swanson et al. 1982, Chapt.II). As a result,

patterns of fry habitat use, feeding behavior, and growth

were potentially influenced by the riparian setting.

However, the effects of riparian vegetation on trout

populations cannot be separated from the logging practices

that resulted in the development of the different riparian

settings because not only vegetation was altered. At the

deciduous site, unstable geomorphic surfaces and alluvial

deposits were disturbed during logging and continue to

erode and produce large amounts of fine sediments. Stream

cleaning following timber harvest results in the loss of
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retention structures and decreases storage of fine and

medium size sediments (Beschta 1981, Bilby 1984). The

resulting dominance of large and small boulders in the

substrate at the open site form abundant lateral habitats

in summer that are less persistent during winter high

streamflow than lateral habitats associated with woody

debris.

The results of this study support previous research

that has demonstrated that total cutthroat trout population

density and biomass are greater in recently logged (open

clearcut) stream sites than in streams with mature

coniferous stands (Aho 1977, Murphy and Hal1.1981, Murphy

et al. 1981). Biomass of cutthroat trout in mountain

streams in Oregon ranges from 2.6 to 5.6 g/m2 in coniferous

reaches, and from 3.0 to 8.2, g/m2 in open reaches

(Anderson and Narver 1975, Moring and Lantz 1975, Aho 1977,

Murphy and Hall 1981). These studies have emphasized the

influence of riparian setting on the production of food and

related trout growth. However, studies of riparian effects

on trout populations need to include an assessment of

habitat structure. Biomass of adult cutthroat trout has

been found to be lower in second-growth, alder-dominated

reaches (from 1.9 to 3.2 g/m2) than in coniferous or open

reaches (Murphy 1979), but this study found higher fry

density and production in a second-growth reach. Because

of the historical pattern of logging within the McKenzie

River basin, the second-growth streams that Murphy (1979)

examined and the deciduous site in this study are lower in

elevation and gradient, and have warmer temperatures than

the coniferous and open sites. The second-growth sites

examined by Murphy (1979) did not have large organic debris

dams or major debris accumulations along the channel. At

the deciduous site, Quartz Creek, debris dams created

several pools and many protected lateral habitats. Total

trout biomass at Quartz Creek (5.2 g/m2) was nearly twice

the average biomass of the second-growth sites studied by
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Murphy (1979) and was approximately equal to the average

biomass of the open sites

The higher growth rate of cutthroat fry at the open

reach may have resulted from greater invertebrate

production and availability at that site (Lyford and

Gregory 1975, Grafius 1976, Hawkins et al. 1983).

Macroinvertebrate abundance in lateral habitats and the

availability of drifting prey may be greater at the open

site because of the effect of increased light on primary

production and detritus quality, and prey capture

efficiency (Gregory 1980, Wilzbach 1985, Chapt.II).

In addition to increasing primary production,

conditions associated with an open canopy increase the area

of habitats, such as boulder surfaces, utilized by

herbivorous insects. Although boulders and large cobbles

may support fewer taxa (Minshall 1984), they are a

preferred habitat and support high densities of baetid

mayflies in open reaches (Hawkins et al. 1983). Greater

abundance of multivoltine herbivores, particularly Baetis

spp. and some of the chironomids, accounts for most of the

increase in invertebrate production associated with open

sites (Grafius 1976, Hawkins et al. 1983). Baetid mayflies

and other invertebrates that depend on algae and algal

derived detritus for food were more abundant in lateral

habitats at the open site.

Growth of cutthroat trout fry was highest at the open

site, but the average size was greatest at the deciduous

reach. Differences in the average size of fry may have

been a result of temperature effects on the timing of

emergence and metabolic efficiency of fry. In the riparian

reaches, the influences of watershed elevation and aspect

on water temperature were probably more important than

shading by riparian vegetation. Temperatures at the open

site were cooler than in either of the forested reaches for

most of the summer. During the development of trout eggs,

average stream temperature was about 5°C warmer at
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deciduous reach than at the open site. From the time fry

emerged to the end of summer, the deciduous reach

accumulated about 250 more degree days than the coniferous

reach and 300 more degree days than the open reach. In

rainbow trout, development of eggs to hatching requires 50

days at 7.3°C, and 25 days at 12°C (Bardach et al. 1972).

If cutthroat trout eggs develop at a similar rate, eggs

spawned at the same time would hatch two to three weeks

earlier at the deciduous reach than in the other reaches.

This time interval corresponds to the time fry were first

observed in each of the reaches.

Warmer temperatures at the deciduous reach may give

fry a metabolic advantage. As stream temperatures increase

from 5°C to 15°C, the difference between standard metabolism

and active metabolism increases 1.5 times in cutthroat

trout (Dwyer and Kramer 1975). Defined as "scope" for

activity and growth (Fry 1947), this difference means that

a greater portion of food energy is available for growth

and less is required for standard metabolism than at colder

temperatures. Fry at the deciduous site may require less

food for the same amount of growth as fry at the coniferous

and open reaches.

Habitat Complexity

Geomorphic complexity in the active channel results in

the development of complex habitat structure. Formation

and maintenance of lateral habitats are dependent on

geomorphic complexity. In the riparian study reaches and

in the experimental manipulation of lateral habitat, fry

population density was correlated with lateral habitat

area. Larger populations at the open and deciduous reaches

can be attributed to the greater lateral habitat and stream

area at those sites. Population density at the coniferous

site was nearly the same as populations in the open and

deciduous reaches until the final census. The effect of
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smaller stream size at the coniferous reach was partially

offset by lateral habitat persistence associated with large

woody debris. Fewer than five percent of the lateral

habitats became dry at the coniferous reach, and de-

watering of lateral habitats was not an important cause of

fry mortality.

Increased production of cutthroat fry in lateral

habitats is unlikely to result in larger trout populations

if winter carrying capacity is limiting. Mason (1976) used

supplemental feeding to increase potential coho smolt yield

six to seven fold but the increase in population size was

nullified by limited winter carrying capacity of the study

stream.

Attempts to increase winter carrying capacity by

enhancing winter habitat require structures that are not

only appropriate for the behavior of the fish, but are also

appropriate to the behavior of the stream. Artificial off-

channel habitats have been utilized by salmonid fry in

small streams (Bustard and Narver 1975), but experimental

refuges have often failed because they could not withstand

high flows or served as sediment traps during bedload

movement (Mason 1976). In contrast, geomorphic features

that create edge complexity and form fry rearing habitat in

summer also create the largest and most persistent refuge

habitat in winter. Debris dams and large wood along the

margin of the channel create lateral habitats that undergo

smoother, more predictable changes in volume and velocity

with increased streamflow than do lateral habitats formed

by boulders and cobbles.

At the open site, lateral habitats are formed by

boulders without the additional stabilizing influence of

large woody debris. Summer lateral habitat area and fry

population density were nearly as great at the open reach

as in the deciduous reach. The open site however, has an

abundance of boulders, many more than 3 m in diameter. In

areas that are not supplied with such large inorganic
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stream structure, removal of the canopy and woody debris

from the channel may result in reductions in the quality of

lateral habitats and lower populations of fry and adult

fish. In recently harvested watersheds and in streams

bordered by stands of second-growth alder and conifers,

removal of large trees from the riparian zone and large

woody debris from the channel potentially harms fish

populations. The maintenance of stream habitat complexity

in general, and the distribution and stability of lateral

habitats in particular, depend on a continual supply of

large wood from intact riparian zones.

Because habitat requirements of cutthroat fry change

significantly during the summer and throughout the year,

models that prescribe habitat parameters based on

probability of use data, such as Instream Flow

Methodologies (Bovee and Cochnauer 1979) have the potential

to inadequately consider the habitat requirements of fry

populations. Even if a large data base included

information from many stream systems at different times of

the year, the inherent generality of such models is

insensitive to the rapidly changing habitat requirements of

cutthroat fry or the complexity of habitat structure

characteristic of small streams (Bovee 1982, Morhardt

1986) .

Management activity designed to establish streamflow

recommendations that are adequate to meet the habitat needs

of trout requires recognition of temporal changes in

habitat utilization within both cohort and population

(Binns and Eiserman 1979, Mather et al. 1985). Most

systems of stream classification do not include lateral

habitats (Pfankuch 1975, Doyle 1979, Parsons 1980) or

address the specific requirements of young-of-the-year fish

(Nickelson and Hafele 1978, Binns and Eiserman 1979). Many

habitat rating systems are necessarily general, but the

focus on a pool-riffle dichotomy and mean velocity in a

reach has resulted in poor predictions of the effects of
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flow on fish populations (Nickelson et al. 1979). Habitat

"improvement" directed at increasing pool depth at the

expense of stream edge heterogeniety may reduce fry

populations and decrease winter carrying capacity for all

age classes.
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CHAPTER IV: SUMMARY

Stream edge structure and hydraulics create unique

habitats at the margins of small streams. Lateral habitats

contribute from 5 to 25 percent of total area of small

streams depending on channel structure and discharge.

Lateral habitats are typified by shallow water, long

hydraulic residence time, heterogeneous substrate, and

abundant detritus. The hydraulic features, substrate, and

nutritional resources found in lateral habitats lead to the

development of distinctive invertebrate assemblages and

provide rearing and refuge habitat for stream fish.

The interaction of geomorphic and riparian processes

with streamflow forms a variety of habitat types in

mountain streams. The structure of lateral habitats

develops from processes of erosion, deposition, and channel

alteration associated with large roughness elements, live

vegetation, and accumulations of woody debris, small

boulders, and cobble. Lateral habitats created by woody

debris dams, bedrock, and boulders too large to be

redistributed by streamflow, are generally the most

persistent in a reach and have the largest volume and

longest habitat residence time. Root wads and live

vegetation in the active channel stabilize banks, increase

edge complexity, and contribute to the formation of

geomorphic surfaces that have complex edges. Small

boulders and clusters of cobble create irregularities of

the stream edge that form abundant, but smaller and less

persistent, lateral habitats than those associated with

larger structures. Lateral habitats with small structure,

however, are more evenly distributed than habitats with

large boulder and woody debris structure and form a

relatively constant proportion of stream area at low to

moderate streamflows.
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The importance of channel structure and stream

hydraulics in the creation of lateral habitats is a good

example of physical processes providing a template for

ecological processes and habitat organization (sensu

Southwood 1977). Patterns of retention and processing of

organic matter, organization of invertebrate communities,

and habitat for invertebrates and fish are functionally

linked to the physical characteristics of lateral habitats.

Within a stream reach, the ecological processes in lateral

habitats are modified by the influence of riparian

vegetation on energy inputs, nutritional resources,

retention of organic matter, and channel structure. Within

the context of stream system and watershed processes,

lateral habitats function to shorten nutrient cycling

length, modify physical and biotic relationships along an

upstream-downstream continuum, and contribute to the

stability and resistance of ecosystems that are otherwise

characterized by high temporal and spatial variability.

A consideration of lateral habitats within the context

of river continuum theory enhances understanding of the

relationship of lateral habitats to the drainage and

summarizes important functions of lateral habitats. The

river continuum concept (RCC)(Vannote et al. 1980)

describes streams as longitudinally linked systems in which

ecosystem-level processes in downstream reaches are linked

to those in upstream areas. Fluvial systems are viewed as

an integrating series of physical gradients and associated

biotic adjustments starting from headwater streams. Low-

order streams are closely linked to riparian vegetation

that controls energy inputs and influences channel

structure. Forested streams, for example, typically are

structured by accumulations of large organic debris,

exhibit dependence on allochthonous inputs, and are

dominated by a generally heterotrophic biotic community.

Recent modifications and refinements of the RCC have

examined the influence of riparian vegetation and channel
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geomorphology (Swanson et al. 1982), large woody debris

(Triska et al. 1982), and the effect of tributaries

(Minshall et al. 1985). These modifications have expanded

the generality of the RCC and provide a context for

understanding the effects of a variety of physical and

biological processes. River continuum theory is based on a

single thread model of stream channels, a model that

implies that linkages between the stream and the

terrestrial system become less important as the channel

becomes wider downstream. Continuum theory does not

address the effects of floodplains, channel braiding, or

multiple channels on drainage processes. Each of these

channel forms represent areas of increased contact between

the stream and terrestrial systems. On a different scale,

the ecological processes in lateral habitats provide a

model of the effects of an expanded channel perimeter on

stream ecosystem function.

In terms of the major tenets of the RCC, lateral

habitats have the same relationship to the main channel

that first and second order streams have to fourth and

sixth order streams. Like headwater streams compared to

mid-order reaches, lateral habitats compared to the main

channel are more retentive, have larger detritus standing

crops, and have a more heterotrophic community structure.

Lateral habitats and headwater streams also support

invertebrate communities linked to the processing of CPOM

to FPOM.

In low-order streams, the retention efficiency and

active processing of CPOM in lateral habitats slow the

"leakage" of organic material and nutrients and potentially

effects the community structure of downstream reaches.

Because of their "headwater-like" characteristics, the

occurrence of lateral habitats in middle to higher order

reaches would tend to shift elements of the system back

toward conditions typical of lower order streams.
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Like floodplain ponds and sloughs in large rivers,

lateral habitats in streams make a unique contribution to

fishery resources because they increase habitat diversity

and provide rearing areas and refuge from high flow. Among

the factors that determine the presence of resident

cutthroat trout in high gradient streams is the importance

of lateral habitats in the establishment of fry

populations.

Channel geomorphology and riparian vegetation interact

to create lateral habitats that range from small pockets of

slow water at the stream edge to side channels and off-

channel debris pools that may exceed average channel width

in size. The complexity of interactions that form lateral

habitats and the range of current flow in small streams

result in large variability in the volume and hydraulic

residence time of these habitats. Despite this

variability, lateral habitats are hydraulically and

ecologically distinct from other stream habitats,

contribute to habitat structure in a reach and

significantly modify the functioning of streams in a

drainage system.
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