H. B. N. HYNES

The Ecology of
Running Waters
UNIVERSITY OF TORONTO PRESS

This document is copyrighted material.

Alaska Resources Library and Information Services (ARLIS) is providing this excerpt in an attempt to
identify and post all documents from the Susitna Hydroelectric Project.
This book is identified as APA no. 2158 in the Susitna Hydroelectric Project Document Index (1988),
compiled by the Alaska Power Authority.
It is unable to be posted online in its entirety. Selected pages are displayed here to identify the
published work.
The book is available at call number QH541.5.S7H9 1970 in the ARLIS Susitna collection.

G.Jtt

S4 L 5
~~-=~

tt4
lq_

The Ecology of
Running Waters
H. B. N. HYNES
Professor of Biology,
University of Waterloo, Ontario, Canada

ARLIS
Alaska Resources
Library & Informatlon Services
Anchorage, Alaska

UNIVERSITY OF TORONTO PRESS

T-1

Contents

PREFACE

Vll

LIST OF FIGURES

XV

LIST OF TABLES
I
II
III

Water flow and stream channels
Physical characteristics of flowing water
Chemical characteristics of flowing water

Attached algae
v Higher plants

IV

XXI

I

28
36
53
78
94

Plankton
VII Composition of the benthic invertebrate fauna
112
vI I I Anatomical and behavioural adaptations of benthic
invertebrates
I2I
IX Further adaptations of benthic invertebrates
161
x Feeding mechanisms and food of benthic
invertebrates
183
XI Factors controlling benthic invertebrates
196
XII Quantitative study of benthic invertebrates
236
XIII Effects of downstream movements of organisms
on the benthos
256
XIV Life histories and seasonal cycles of benthic
invertebrates
27I
VI

XIV

CONTENTS

xv The fishes of running ~ater
Ecological factors affecting fishes
XVII Movements and breeding of fishes
XVIII Feeding habits of fishes
XIX Other vertebrates
xx Longitudinal zonation
XXI Special habitats
XXII The ecosystem
XXIII Effects of man on watercourses
XVI

BIBLIOGRAPHY AND INDEX OF CITATIONS
INDEX. OF ORGANISMS
SUBJECT INDEX

300
319
342
364
377
383
398
411
443

I

.451
519
543

I
-I

. I

I

Figures

1. Diagram of the routes taken by the products of
precipitation
I, 2. Two types of notched weir used to measure the discharge
of streams
I, 3. A simple current meter
I, 4. The rate of flow of water at different depths in an open
channel
I, 5. The patterns of flow in cross-sections of open channels
I, 6. Photograph of particles carried by flowing water over a
facing page
stone
I, 7. Diagrams of the patterns of flow below a waterfall and at
the foot of a slope
I, 8. A sketch-map showing stream orders
I, 9. Scour and refill during a flood
I, 10. A rating curve for gauging stations in the eastern United
States
I, 11. Diagrams of the patterns of flow near small irregularities
in a channel and in a meander
11, 1. The levels of light at the surface of a small stream
throughout the year
IV, 1. Diatoms of the attached algal community
IV, 2. Red, blue-green, and yellow algae of the attached
community
IV, 3. Green algae of the attached community
IV, 4. Diagram of the distribution of certain algae on submerged
and emergent stones
I,

3
4

6
6
7
8
o
13
I

17
18
20

34

54
55
56
75

xvi FIGURES
5. Photographs of travertine and diagrams of some of the
algae which make it
facing page 76
The
position
which
Podostemaceae
occupy
on
emergent
v, 1.
rocks
82
v, 2. Diagram of formation and erosion of banks of sediment
formed by rooted plants
89
v, 3. Changes in the rooted vegetation in the River Lark
during a ten-month period
90
v,4. Changes in the vegetation in the River Acher during
three years
91
VI, 1. Common phytoplankters from running water
95
VI, 2. Common zooplankters from running water
96
VI, 3. The abundance of plankton in the Sacramento River at
different points and times of year
97
VII, 1. Survivors of ancient invertebrate stocks which now
occur mainly in running water
II3
VII, 2. Two members of the Gerridae which occur primarily on
running water
n6
VII, 3. Comparison between the nymphs of some European
stoneflies and their morphological equivalents among
n8
the Gripopterygidae of South America
VIII, 1. Two flattened mayflies of the family Ecdyonuridae
which live exposed on stones
123
VIII, 2. Flattened mayflies which live in sheltered places under
stones
124
VIII, 3. Two flattened animals which are common under stonu
in rapid water in Central Africa
124
VIII, 4. Flatworms and a leech which occur under stones in
rapid water
125
VIII, 5. Streamlined nymphs of the family Baetidae
126
VIII, 6. A caddis-worm with a long tail to its case and several
animals with lateral projections
127
VIII, 7. Larvae of Blepharoceridae
129
VIII, 8. Broad-footed snails
131
VIII, 9. Larvae with peripheral bristles which fit the surfaces of
stones
132
VIII, 10. Two mayflies with friction-pads of bristles
133
IV,

FIGURES

viii, 11. Ventral views of the abdomens of a dragonfly and a
mayfly with friction-pads
viii, 12. The hooks at the rear ends of insect larvae from rapid
water
vm, 13. Larvae of Deuterophlebia and larva and pupa of
Limnophora
vm, 14. Larvae of pyralid moths and Rheotanytarsus, and adult
Corophium
viii, 15. Larva of Simulium
vr_u, 16. Caddis-worms with heavy stone cases
VIII, 17. The shells of several large bivalves
vm, 18. Prosobranch Gastropoda and Sphaeriidae which occur in
streams and rivers
VIII, 19. Lateral views of Taeniopteryx and Araucanioperla
VIII, 20. Larvae of Diptera which burrow in the substratum
vm, 21. Elongate stonefly and mayfly nymphs which burrow in
gravel
vm, 22. The mitten-crab
vm, 23. The mandibles of a caddis-fly pupa and the pupae of
three families of Diptera which emerge under water
VIII, 24. Adult insects which creep down into quite rapid water
to oviposit
IX, 1. Graphs showing the effect of current speed on the
oxygen consumption of some animals
IX, 2. Oxygen concentrations which are just too low for the
survival of experimental animals at different current
speeds
IX, 3. Insects which use plastron respiration
IX, 4. Animals which are associated with the water surface in
streams
IX, 5. Mayfly nymphs which burrow in sand in rivers
IX, 6. Mayflies and a dragonfly which burrow in soft substrata
IX, 7. Very flattened animals which live in silty substrata
IX, 8. Nymphs of mayflies which occur in silty places in
streams
IX, 9. Phoretic associations between Simulium and mayflies
and crabs
B

XVll

I34
I35
I35
I 37
I38
I40
I4I

I42
I44
I47
148
I 54
I

57

158
164

165
171
I74
I76
177
I78
179
I8I

xviii

FIGURES

x, 1. The head of Brachypiera and comparison of its maxilla
With that of an unspecialized stonefly
x, 2. Ventral views of the heads of mayfly nymphs and details
of mouth parts
x, 3. Insects which strain particles from the water with fringes
of hairs
x, 4. Head of the larva of Simulium and a position commonly
assumed during feeding
x, 5. Photographs of nets of Hydropsyche and Neureclipsis
facing page
x, 6. Cases and nets of Diplectrona and Hydropsyche
x, 7. The larva of Hydropsyche and the head of an Mrican
Cheumatopsyche
x, 8. The larval case of a Brazilian species of Macronema
x, 9. Nymphs of Zygoptera
x, 10. The carnivorous mayfly Centroptiloides
XI, 1. The larva of Helicopsyche
XI, 2. The numbers of species of three insect orders emerging
at four points along a stream
XI, 3. The oxygen consumption of two species of the leech
Erpobdella
XIII, 1. The numbers of Gammarus caught in drift samples at
different times of day and year
XIII, 2. The numbers of Baetis caught in drift samples at different
times of day and year
XIV, 1. The size-distributions in monthly collections of three
species from a stream in Wales
XIV, 2. A diapausing nymph of Capnia bifrons
XIV, 3. Diagrams of the various types of life cycle commonly
found in stream-dwelling insects
XIV, 4. Diagrams of unusual types of life cycle found in
stream-dwelling insects and of typical cycles of
Peracarida and Mollusca
XIV, 5. Diagrams of the seasonal fluctuations in numbers and
biomass of invertebrates in streams
xv, 1. Outlines of fishes which live in fast-flowing water
xv, 2. Outlines of fishes which live. in slow-flowing water

183
184
185
186
188
189
I

89

190
191
194
198
202

217

263
264
272

281
295

296
298
303
303

FIGURES

xv, 3. Outlines of small fishes wqich live on the bottom in
fast-flowing water
xv, 4. Ventral views of fishes with friction devices and suckers
xv, 5. Tadpoles from rapid streams
XVI, 1. The relationship between the lethal temperature and
the temperature to which specimens of Salvelinus
fontinalis have been acclimated
XVI, 2. Changes in the instantaneous growth-rate of Salvelinus
fontinalis

1. Diagram of the occurrence and abundance of common
species of Ephemeroptera in rivers in north-western
Europe
xx, 2. The altitudinal distribution of the Elminthidae in streams
on Mount Elgon
xx, 3. The altitudinal distribution of the important members of
the fauna in streams on Mount Elgon
xxi, 1. Madicolous animals which may occur in collections made
in streams
xxii, 1. Diagram of the trophic relationships of the ecosystem
in the rhithron
xxii, 2. Diagram of the trophic relationships of the ecosystem
in the potamon

XlX

304
306
307

323
325

'XX,

389
390
395

409
439
440

Tables

1. Mean velocities of clear and muddy water required to
initiate movement of various types of particles
I, 2. Speeds of flow required to move mineral particles of
different sizes
I, 3. Calculated mean velocities of water in three channels of
differing dimensions at various slopes
I, 4. Suggested terminology, categories and methods for
particle-size analysis
111, 1. Chemical content of the water of the River Dee at various
points below its source
IV, 1. Some common attached algae of various types of habitat
in running water
IV, 2. The rate of oxygen production by algal communities in
laboratory streams at different temperatures and
illuminations
IV, 3. The effect of current on the growth of algae in the
laboratory
v, 1. The dominant submerged plants in various types of river
in Great Britain
VI, 1. The numbers of plankton organisms on various dates at
two stations on the Montreal River
VI, 2. The numbers of plankters at various distances below the
Lunzer Untersee
VI, 3. The numbers of planktonic organisms at different seasons
in the River Danube
VIII, 1. The maximum current speeds resisted, moved against, and
inhabited in nature by a number of European stream
animals
I,

I I

I I

I9
24

45
59

62

64
84
102

I03

l09

I49

xxii

TABLES

1. The oxygen consumption of the nymphs of various
·
European mayflies
XI, 1. The percentage composition of adults of various groups of
insects emerging over different types of substratum in
streams in Algonquin Park
XI, 2. The percentage composition of the fauna on various types
of stream bed in north-eastern England
XI, 3. The percentage composition of the faunas of riffles and
pools in the Black River
XI, 4. The numbers of various animals in ten samples taken in
April 1962 from Shelligan Burn
XI, 5. The percentage composition and mean number of animals
per square metre on various types of substratum in Doe
Run
XI, 6. The numbers and weights of animals in different species
of plant in the River Angara
XI, 7. The average number of animals per square foot taken from
three streams in Utah with a Surber sampler
XI, 8. The average amounts of invertebrate fauna in three small
rivers and their tributaries in Transcarpathia
XI, 9. The average number of invertebrates per square foot at
three altitudes in the Sagana River
xu, 1. The numbers of invertebrates collected in six standardized
samples from Alit Leathan
XII, 2. The numbers and weights of animals per one tenth square
metre collected by three methods from the River Polenz
XII, 3. The weights of invertebrates collected with a Surber
sampler at the sides and centres of various streams in
New York State
XII, 4. The numbers and weights of organisms per square metre
at different distances from the bank in the River Plane
XII, 5. The average numbers of animals collected by a
standardized method in spring and summer from
streams in the Scottish Highlands
XII, 6. The numbers and weights of invertebrates at various
points on the River Haelva
XIII, 1. The numbers of animals per square foot collected on
various dates above and below four lakes on the
Montreal River
IX,

161

208
209
211

:&

~

212

,.
214
215
225
227
228
240
245

248
249

252
254

258

TABLES

2. The numbers and weights of benthic organisms per 1000
sq. em. at two stations below a lake on Norvijokk
XIII, 3. The percentage composition of the benthic fauna and the
drift in the Missouri River at Boonville
XIII, 4. Percentages of total numbers of Ephemeroptera,
Plecoptera and Simuliidae, which were longer than
3 mm., caught in drift samples in each three-hour
period during two days from Berry Creek
XIV, 1. The numbers of species and genera of midges occurring in
different types of streain in Europe
· XIV, 2. The mean lengths of specimens of Capnia bifrons
emerging in successive half-monthly periods
XIV, 3. The percentage composition, by species, of larvae of
Simulium from eight samples collected at various
altitudes on the River Manafwa
XVI, 1. The ecological distribution of various species of fish in the
Ohio River, and in small streams flowing into it, in
Kentucky
XVIII, 1. The average total volumes and numbers of invertebrates
in stomachs of rainbow trout of different sizes
XVIII, 2. The percentage composition by volume of the stomach
contents of young salmon and trout from the River
Endrick
XVIII, 3. The percentage composition by volume of the stomach
contents of burbot of different sizes from the White
River
XVIII, 4. The percentage composition by volume of the stomach
contents of four species of fishes from the River Endrick
XVIII, 5. The percentage composition by numbers of the gut contents of three species of fishes from the Moravka River
xx, 1. The communities of fishes in the four fish-zones of
Western Europe
xx, 2. Huet's 'slope-rule' for western European streams
xx, 3. The distribution of fish species along the length of two
adjacent tributaries of New River
xx, 4. The distribution of Unionidae in the Huron River system
xx, 5. The percentage composition of the fauna of the Mon
Hirnant at four altitudes

XX111

XIII,

259
260

26 5

274
285

290

330
369

370

370

374
375
384
384
386
388
394

xxiv
XXII,

XXII,

XXII,

XXII,
XXII,
XXII,

TABLES

1. The estimated numbers at different stages in their life
histories of two species of stonefly during two years in a
reach of Walla Brook
2. The original numbers and percentage survivors of two
species of stonefly at various stages in their growth in
Walla Brook and Mon Hirnant
3. The percentage composition of the invertebrate fauna of
the upper River Derwent in the spring of nine successive years
4. The average biomass and total production of trout in
three stations on Walla Brook during two years
5. The biomass and production of Salmo ciarkii in four
sections of Berry Creek
6. The percentages of taxa which occur in different numbers
of nine rivers in south-eastern United States

421

422

423
429
431
442

