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ABSTRACT

This report provides a reference source for managers and scientists involved in rehabilitation of
walleye and salmonid lotic habitats. We selected literature from primary journal articles and easily
accessible "grey" literature. Streams within the Great Lakes watershed are emphasized. References
are categorized by author, subject, and species indices. We present summary tables of physical
characteristics of walleye and salmonid spawning habitat as well as the methods and results of
previous rehabilitation projects.

RESUME

Le présent rapport fournit une source bibliographique a l’intention des gestionnaires et des
scientifiques travaillant a la remise en état d’habitats lotiques du doré et de salmonidés. Les textes ont
été choisis a partir d’articles provenant des principales revues scientifiques ainsi que de documents
non officiels qu’on peut se procurer facilement. L’accent est mis sur les cours d’eau faisant partie du
bassin hydrographique des Grands Lacs. Les documents de référence sont classés par index des
auteurs, des sujets et des espéces. Des tableaux récapitulatifs indiquent les caractéristiques physiques
des sites de frai du doré et de salmonidés ainsi que les méthodes et les résultats de projets antérieurs
de remise en état.



INTRODUCTION

This citation collection was compiled to serve
as an initial reference source for managers and
scientists involved in or planning
rehabilitation of fisheries habitat in lotic
ecosystems. In compliance with the objectives
of the North Shore of Lake Superior Remedial
Action Plans, for which this literature review
was initiated, the references contained in this
collection reflect an ecosystem approach to
fisheries habitat restoration. Consequently,
although lotic spawning habitat of walleye and
Great Lakes salmonids have been emphasized,
the information selection process includes
habitat requirements of early life history
stages in streams, processes affecting
associated lotic habitats and a search for
effects upon other ecosystem components.

The collected literature consists of
both a habitat and a management component.
References relevant to understanding critical
lotic' habitats of walleye, salmonids and
northern pike have been included with results
of studies intended to restore these habitats.
Literature selections are mainly from primary
literature but important and easily retrieved
references from the "grey literature" are also
included. Citations are meant to provide a
cross-section of habitat information and
restoration alternatives rather than an
exhaustive compilation.

A numbered, alphabetical listing of
references by author is accompanied by a
subject index and an index to salmonid species.
References were organized and formatted
using the Bookends PC  Reference
Management System. A copy of citations in
Ascci format is available by contacting:

Great Lakes Lab. for Fisheries and
Aquatic Sciences
Department of Fisheries and Oceans
Canal Drive, Ship Canal P.O.
Sault Ste. Marie, Ontario
P6A 1P0

SELECTION OF REFERENCES

Our review was initiated using reference
citations from Reeves and Roelofs (1982), Hall
and Baker (1982) and Reiser and Bjornn
(1979). The walleye-sauger bibliography by
Ebbers et. al. (1988) was an invaluable source
of walleye literature.

Selection of literature was guided by
North Shore of Lake Superior Remedial Action
Plans for riverine restoration. The diversity of
these projects prohibited an extensive review
of all subject areas. Instead, an informal
selection criteria emphasized characteristics
and rehabilitation of spawning and related
fisheries habitats in lotic ecosystems. Target
species included walleye, anadromous
salmonids of the Great Lakes and salmonids
resident in Great Lakes tributaries. This
literature accounts for almost 2/3 of the
compiled citations.

A less intensive search was conducted
to accumulate references pertinent to other
aspects of the plans. These projects
encompassed island creation, shorelands
restoration, marsh management, macrophyte
introduction, pond creation and creation of
spawning marshes for northern pike.

Efforts were directed at compiling at
least the most widely cited material. Although
references from both primary and grey
literature are included, collection of
information was influenced by accessibility.
Accordingly, approximately 2/3 of the
selections are from primary sources. Many
potential  references that were not
immediately available have been excluded.

All citations, with assigned keywords,
were entered on Bookends PC Reference
Management System. Subject indexes were
developed with the aid of computerized
keyword  searches. Selected physical
characteristics of walleye and salmonid
spawning habitat were summarized in tables
from relevant references. Table categories
consist of geographic location, spawning
period, temperature, site area, substrate size,
current velocity, water depth, site description
and study objectives. Salmonid tables also
incorporate  redd characteristics.  All
quantified values were converted to
standardized metric units, where possible.
Table categories that tended to be reported
variably, such as substrate size, were recorded
unaltered. Qualitative information



augmenting interpretation or comparison of
table entries was also included.

Other tables were created to
summarize studies evaluating or documenting
spawning habitat restoration. Restoration
strategies were classified into several general
approaches to spawning habitat
rehabilitation, including addition of substrate,
substrate stabilization and recruitment,
gravel cleaning, construction of spawning
channels and management of spawning
marshes. Table categories describe study

objectives, site descriptions, methods of
restoration and results. An additional column
accommodates general evaluations of
rehabilitation strategies.

=~ GENERAL DISCUSSION

The tables in Appendix 1 contain
information from 26 separate sources
reporting walleye and salmonid spawning
habitat and spawning periods. Appendix 2

details restoration alternatives for
rehabilitation of spawning habitat from 29
references. Literature sources differed

between Appendix 1 and 2. The proportions of
primary and "grey" literature in Appendix 1
tended to be representative of the entire
citation collection, with the exception of the
walleye literature. Approximately 70% and
30% of the summarized salmonid references
are from primary and "grey" literature,
respectively. Only 38% of the walleye citations,
however, are from primary sources. In
contrast to the general pattern in Appendix 1,
"grey" literature composed almost 80% of the
restoration citations in Appendix 2.

Valuable data was available from both
primary and "grey" reference sources. Much of
the "grey" literature, however, was difficult to
obtain and the quality and consistency of
reporting was less than in the primary
literature. In Appendix 1, spawning periods
and temperatures were usually regularly
available while substrate types, water depths
and current velocities were reported less
constantly. Comparisons of substrates are
somewhat confounded by the variability of
methods for measurement and evaluation,
particularly in the salmonid literature. The
walleye literature often lacked quantitative
substrate measurements entirely. In Appendix
2, evaluations of restoration projects were
often  unsatisfactory, generally only

short-term and occasionally were not reported
at all.

Spawning walleye apparently require
movement of water either by currents in rivers
or marshes or wind-generated waves along
shorelines (Eschmeyer 1950; Priegel 1970;
Busch et. al. 1975; Colby et. al. 1979).
Spawning areas in rivers tend to be in
backwater or border habitats (Corbett and
Powells 1986; Paragamian 1989; Pitlo 1989)
often in the vicinity of dams blocking further
upstream migration (Eschmeyer 1950; Fraser
1954; Gibson and Hughes 1977; Maraldo 1986;
Paragamian 1989; Pitlo 1989)

The most constant feature of natural
brook trout spawning habitat is the presence
of upwelling, regardless of substrate or current
attributes. Carline and Brynildson (1977) and
Carline (1980) report the occurrence of brook
trout redds in pure sand in areas of upwelling
and in spring-fed ponds. Both temperature and
hydraulic conditions of upwellings appear to
be significant factors influencing choice of
redd sites. Temperatures at peak spawning of
6cC correspond to temperatures of upwelling
water in the studies examined (Carline 1980;
Witzel and MacCrimmon 1983). The cooler
water temperatures of Webster’'s (1962)
upwelling spawning facilities may have
contributed to the failure of some of these
restoration attempts to attract brook trout.

Brown trout have similar spawning
periods and habitat preferences as brook trout
but upwelling is not a criteria for habitat
selection (Hansen 1975; Witzel and
MacCrimmon 1983). Both species tend to
spawn in smaller substrate sizes than the
larger salmonids.

Spawning habitat of rainbow, coho,
chinook and pink salmon is more difficult to
differentiate based wupon the reviewed
literature. Ranges of values for these species
tend to be very similar. Results of one study
suggest that spawning strategies of some
species may be separated by the area of a river
system utilized for redd construction. Carl
(1982) found evidence of preferential spawning
by chinook salmon in main stem streams and
by coho in tributaries.

Most spawning habitat restoration has
been directed at anadromous salmonids.
Rehabilitation of walleye spawning habitat
was mostly confined to addition of substrate.
Other restoration alternatives ranged from
low-cost, easily implemented methods, such as



use of a fire hose to clean spawning gravel, to
expensive, engineering-intensive projects like
construction of spawning channels. Impacts of
restoration on spawning, egg survival and
recruitment, where reported, were variable.
The success or failure of a project was
generally site-specific and often poorly
evaluated.



SUBJECT INDEX

CRITICAL HABITATS: Spawning, incubation and nursery habitats including environmental
requirements of spawning adults, eggs and larva, factors affecting reproductive success and spawning
and larva behaviours.

SALMONIDS
SPAWNING HABITAT

10 13 14 15 19 28 31
32 37 46 63 64 66 102
109 - 112 155 156 157 168 182
183 194 200 207 213 216 219
220 222 232 234 237 247 248
252 253 258 270 275 284 287
293 302 304
INCUBATION HABITAT
10 44 49 58 62 66 95
-109 129 129 182 185 207 214
221 232 233 234 247 248 250
252 255 257 260 270 274 278
287 300 303 305
REARING HABITAT
26 27 34 66 Tt 80 88
109 113 117 121 149 158 159
175 181 192 207 211 212 220
232 236 239 241 249 251 254
27 276
WALLEYE

SPAWNING HABITAT

8 11 33 47 50 53 55
60 61 65 68 72 76 i
85 87 88 93 116 135 136

137 173 177 197 199 201 204
215 224 2217 230 237 242 298

INCUBATION AND LARVAL HABITATS

4 9 1 33 50 51 53
68 77 93 122 123 127 128
129 133 134 135 151 152 171
197 202 206 223 298
NORTHERN PIKE

SPAWNING, INCUBATION AND LARVAL HABITATS

61 81 88 119 120 167 201
224 282



REHABILITATION OF CRITICAL HABITATS: Restoration, enhancement or creation of
critical habitats, evaluation of effectiveness and description of techniques.

SPAWNING HABITAT
SALMONIDS
6 29 38 39 41 54 66
88 91 100 101 107 114 124
146 147 148 163 174 184 186
187 188 203 205 209 231 238
272 277 292 297
WALLEYE
7 68 84 93 106 135 169
173 180 195 228 262 273
REARING HABITAT
SALMONIDS
6 23 27 43 66 88 100
101 107 114 124 146 148 187
189 190 203 231 2564 277 279
291 297

HABITAT MANAGEMENT
STREAMS

RIPARIAN HABITAT: Interactions of riparian and stream ecosystems, including riparian
management.

12 45 100 110 111 140 175
192 217 231 232 235 266 295
297

WOODY DEBRIS: Role and management of woody debris in streams and its function as fisheries
habitat.

17 20 21 27 71 161 162
175 179 192

SEDIMENTATION: Sedimentation, effects of sedimentation and sediment control in stream
ecosystems.

I 2 3 17 18 32 103

104 117 161 185 191 216 220
248 283

STREAMBED HYDRAULICS: Dynamics of interchange of stream and intragravel water including
methods for measurement of the intragravel environment.

95 97 118 221 250 252 270
278 287



MEASUREMENT OF SUBSTRATE SEDIMENTS: Methods for sampling and evaluating
streambed substrates.

44 79 165 182 217 218 219
226 259 268 274 289 290 294

STREAM IMPROVEMENT STRUCTURES: Description and evaluation of structures for the
improvement of fish habitat in streams.

6 23 24 28 30 40 69
70 73 88 90 91 99 100
101 108 114 124 125 130 131
132 146 147 148 178 193 231
240 2717 291 292 296 297

HABITAT ASSESSMENT: Models of stream habitat or habitat quality assessment.

- 22 25 83 139 141 217 246
263 264 265 286
WETLANDS

ESTUARIES AND COASTAL MARSHES: Fisheries habitat in estuaries and coastal marshes and
estuarine restoration.

48 52 75 107 142 143 159
170 254 256 267 279

PONDS AND BACKWATERS: Role of backwaters and riverine ponds as rearing and nursery
habitats for fish.

34 43 107 114 120 21 212
236 249 271 301

MARSH MANAGEMENT: Wetlands restoration or creation and marsh management for fish and
waterfowl, including relationships between aquatic vegetation and waterfowl, invertebrates or fish.

5 42 57 67 74 78 81

86 92 115 120 138 144 145
150 154 167 210 256 261 288
299

AQUATIC VEGETATION: Macrophyte community dynamics and establishment of aquatic
vegetation.

59 98 143 142 150 196 210
245 256 280 281 285

INVERTEBRATES: Invertebrate habitat associations or effects of habitat alteration on
invertebrate communities in streams or wetlands.

11 16 30 39 57 71 78
89 92 94 110 138 154 178
184 191 217 237 279 288



SHORELANDS

SHORELINE DEVELOPMENT: Effects of shoreline development and management for flood and
erosion control.

74 82 1056 140 141 153
170208 229 244

ARTIFICIAL REEFS AND ISLANDS: Description of artificial nearshore structures and evaluation
of their effects on the fish community and coastal environment.

36 88 89 96 126 164 166
176 198 209 225 243 269 272
279 280 281



Salvelinus fontinalis

2
35
178
297

Salmo trutta

2
56
113
258

Salmo gairdneri

12
- 32
63
125
168
219
258
297

Onchorhynchus kisutch

3
38
240
301

10
58
125
295

15
34
64
129
178
220
260
302

15
43
149
212
255

Onchorhynchus tshawytscha

27
45
168
214
258

15
58
216
254

Onchorhynchus gorbuscha

26
80
219
257

15
182

27
183

SALMONID SPECIES INDEX

39
258
304

73
160
296

19
35
73
147
192
232
271
303

28
62
175
232
27

28
101
220
258

146
185

15
56
292
305

15
90
168
297

23
45
80
148
200
233
275

31
109
181
234
276

31
117
222
27

147
232

24
58
293

24
102
178
304

24
49
88
149
207
251
201

32
121
190
241
284

37
157
232
276

155

25
73
295

25
108
232
305

25
54
90
158
214
255
295

34
124
192
247
291

41
159
233

156

30
90
296

35
112
253

27

58
124
160
216
257
296

37
147
211
251

46
194
236

159
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SPAWNING PERIOD AND SPAWNING HABITAT CHARACTERISTICS
OF WALLEYE AND GREAT LAKES SALMONIDS IN STREAMS
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APPENDIX 2

SUMMARY OF REHABILITATION ALTERNATIVES FOR RESTORING SPAWNING HABITAT
OF WALLEYE AND SALMONIDS IN STREAMS
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