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PREFACE 

In December 1987, G.L. Williams and Associates Ltd. was awarded a contract as a result of an 
unsolicited proposal to develop a marine foreshore on-site habitat description and assessment 
evaluation manual for the Department of Fisheries and Oceans (DFO). The unsolicited 
proposal was funded by the Unsolicited Proposals Program, Department of Supply and Services, 
Department of Fisheries and Oceans and Environment Canada, Parks. The overall objective of 
the work was to develop practical, consistent and ecologically based procedures to guide habitat 
biologists, fisheries officers and other field staff who routinely conduct habitat· assessments and 
evaluations as part of the development project referral process. The work has resulted in four 
main components: species!habitat outlines for 49 species important to the commercial, sport and 
Native fisheries, species!habitat references appendix, habitat description procedures manual, and 
discussion paper on habitat evaluation evaluation procedures . 

To ensure that the work would be useful to field staff and be scientifically sound, a federal­
provincial steering committee was formed to guide the work. The members of the Steering 
Committee are identified below. 

Scientific Authority: 

Steering. Committee: 

Dr. Colin Levings 
Coastal Habitat Ecology 
Fisheries Research Branch 
DFO 

Denis RowsefTom Pendray 
North Coast Division 
DFO 

John MatherslPeter Delaney 
Habitat Management Division 
DFO 

Dave McBurney 
Parks 
Environment Canada 

Gordon Ennis 
Habitat Management Division 
DFO 

Kevin Conlin 
Fraser River, Northern E.c. 
Yukon Division 
DFO 

Bruce Hillaby/Rob Russell 
South Coast Division 
DFO 

Don Howes 
Recreational Fisheries Branch 
Ministry of Environment 



ii 

TABLE OF CONTENTS 

PREFACE 

TABLE OF CONTENTS 

INTRODUCTION 

ANADROMOUS FISHES 

salmon9 general 
chinook salmon, Oncorhynchus tshawytscha 
chum salmon9 O. keta 
coho salmon, O. kisutch 
pink salmon, O. gorbuscha 
sockeye salmon, O. nerka 
coastal cutthroat trout, O. clarki 
steelhead trout9 O. mykiss 
Dolly Varden char, Salvelinus rnalrna 
white sturgeon, Acipenser transmontanus 
eulachon, Thaleichthys pacificus 

MARINE FISHES 

Pacific herring, Clupea harengus pallasi 
surf smelt, Hypomesus pretiosus 
lingcod, Ophiodon elongatus 
English sole9 Pleuronectes vetulus 
starry flounder, Platichthys stellatus 
Pacific halibut, Hippoglossus stenolepis 
big skate, Raja binoculata 
rockfish, general 
copper rockfish, Sebastes caunnus 
yellowtail rockfish, S. flavidus 
yelloweye rockfish, S. rnbemmus 
quillback rockfish, S. maliger 

MOLLUSCS 

molluscs, general 
butter clam, Saxidomus giganteus 
littleneck clam, Protothaca staminea 
Manila clam, Tapes philippinarum 

Page 

ii 

1 

4 

4 
7 
8 

10 
12 
13 
14 
15 
17 
18 
19 

20 

20 
24 
24 
25 
27 
28 
29 
29 
29 
31 
32 
33 

35 

35 
35 
36 
38 

J 

'I 

J 

I 

j 

I 
j 



, I 

iii 

TABLE OF CONTENTS 

MOLLUSCS (continued) 

razor clam, Siliqua patula 
horse clam, Tresus capax 
horse (gaper) clam, To nuttallii 
cockle, Clinocardium nuttallii 
geoduck, Panope abmpta 
soft-shell clam, Mya arenaria 
Pacific oyster, Crassostrea gigas 
native oyster, Ostrea lurida 
pink scallop, Chlamys mbida 
spiny scallop, Co hastata 
weathervane scallop, Patinopecten caurinus 
rock scallop, Crassadoma gigantea 
blue mussel, Mytilus edulis 
northern abalone, Haliotis kamtschatkana 
opal squid, Loligo opalescens 
giant Pacific octopus, Octopus dofleini 

ECHINODERMS 

California sea cucumber, Parastichopus cali/omicus 
red sea urchin, Strongylocentrotus /ranciscanus 
green sea urchin, So droebachiensis 

CRUSTACEANS 

gooseneck barnacle, Pollicipes polymems 
coonstripe shrimp, Pandalus danae 
humpback shrimp, Po hypsinotus 
prawn, Po platyceros 
Dungeness crab, Cancer magister 
red rock crab, Co productus 

Page 

39 
40 
40 
41 
42 
43 
44 
45 
46 
47 
47 
48 
49 
51 
52 
53 

55 

55 
56 
57 

58 

58 
59 
59 
60 
61 
64 





I , 

1 

INTRODUCTION 

The references included in this appendix were reviewed during preparation of the 49 species/ 
habitat outlines. The 49 species of anadromous and marine fishes, molluscs, crustaceans and 
echinoderms are identified in Table 1. References have been listed alphabetically by species. In 
some instances (i.e. salmon, molluscs, and rockfish) references that provide broader 
species coverage have been listed before individual species. The references contained in this 
volume provide a comprehensive treatment of habitat utilization, and although intensive manual 
literature searches were conducted by the author and a computer search made by Ms. Susan 
Keller, Librarian, West Vancouver Laboratory, DFO, it is quite possible that some habitat 
references were not identified. However, it was felt that the references compiled in this report 
may assist habitat biologists and other DFO staff conduct more thorough habitat assessments. 
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Table 1. Species list for species/habitat outlineso 'J 

Common Name Scientific Name ' 1 

A ANADROMOUS FISHES J 

1. chinook salmon Oncorhynchus tshawytscha 'J 2. chum salmon O. keta 
3. coho salmon O. ldsutch 
4. pink salmon O. gorbuscha 

1 5. sockeye salmon 00 nerka 
6. coastal cutthroat trout 00 clarki 
7. steelhead trout 00 rnykiss j 8. Dolly Varden char Salvelinus rnalrna 
9. white sturgeon Acipenser transmontanus 

100 eulachon Thaleichthys pacificus 

1 
R MARINE FISHES 

11. Pacific herring Clupea harengus pallasi 1 
120 surf smelt Hypomesus pretiosus 
130 lingcod Ophiodon elongatus 

I 14. English sole Pleuronectes vetulus 
15. starry flounder Platichthys stellatus 
16. Pacific halibut Hippoglossus steno/epis 

J 17. big skate Raja binoculata 
18. copper rockfish Sebastes caurinus 
19. yellowtail rockfish S. flavidus 

~ 20. yelloweye rockfish S. rubenimus 
21. quillback rockfish So maliger 1 

C. MOLLUSCS j 
22. butter clam Saxidomus giganteus 
23. littleneck clam Protothaca starninea J 24. Manila clam Tapes philippinarum 
25. razor clam Si/iqua patula 

j 26. horse clam Tresus capax 
27. horse (gaper) clam T. nuttallii 
28. cockle Clinocardium nuttallii 
29. geoduck Panope abrupta I 30. soft-shell clam Mya arenaria 
31. Pacific oyster Crassostrea gigas 

,1 
J 
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Table 1. (continued). 

Common Name Scientific Name 

C. MOLLUSCS (continued) 

32. native oyster Ostrea lurida 
33. pink scallop Chlamys rnbida 
34. spiny scallop Co hastata 
35. weathervane scallop Patino pecten caurinus 
36. rock scallop Crassadoma gigantea 
37. blue mussel Myti/us edulis 
38. northern abalone Haliotis kamtschatkana 
39. opal squid Loligo opalescens 
40. giant Pacific octopus Octopus dofleini 

D. ECHINODERMS 

41. California sea cucumber Parastichopus califomicus 
42. red sea urchin Strongylocentrotus franciscanus 
43. green sea urchin S. droebachiensis 

E. CRUSTACEANS 

44. gooseneck barnacle Pollicipes polymerns 
45. coons tripe shrimp Pandalus danae 
46. humpback shrimp P. hypsinotus 
47. prawn P. platyceros 
48. Dungeness crab Cancer magister 
49. red rock crab C. productus 
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A ANADROMOUS FISHES 

salmon, general: 

Aro, K. V., and M.P. Shepard. 1967. Salmon of the north Pacific Ocean - Part IV. Spawning 
populations of north Pacific salmon. 5. Pacific salmon in Canada. lnt. North Pac. Fish. 
Comm. Bull. 23: 225-327. 

Bell, W. 1987. Pacific salmon. Underwater world, Dep. Fish. Oceans, Ottawa: 12 p. 

Denther, J.L., and D.V. Buchanan. 1986. Are wild salmonid stocks worth conserving? Ore. Dep. 
Fish Wildl. Fish. Div. Inform. Rep. 86-7: 27 p. 

Gordon, D.K., and C.D. Levings. 1984. Seasonal changes of inshore populations on Sturgeon 
and Roberts Bank, Fraser River estuary British Columbia. Can. Tech. Rep. Fish. Aquat. 
Sci. 1240: 81 p. 

Hartt, AC. 1980. Juvenile salmonids in the oceanic ecosystem - the critical first summer, 
p. 25-57. In W.J. McNeil and D.C. Himsworth [ed.] Salmonid ecosystems of the north 
Pacific. Oreg. State Vniv. Press, Corvallis. 

Healey, M.e. 1980. The ecology of juvenile salmon in Georgia Strait, British Columbia, p. 
203-229. In W.J. McNeil and D.C. Himsworth [ed.] Salmonid ecosystems of the north 
Pacific. Ore. State U niv. Press, Corvallis. 

Healey, M.e. 1982. Juvenile Pacific salmon in estuaries: the life support system, p. 315-341. 
In V.S. Kennedy [ed.] Estuarine comparisons. Academic Press, New York. 

Hoar, W.S. 1976. Smolt transformation: evolution, behaviour, and physiology. J. Fish. Res. 
Board Can. 33: 1234-1252. 

Jaenicke, H.W., AG. Celewycz, J.E. Bailey, and J.A Orsi. 1984. Paired open beach seines to 
study estuarine migrations of juvenile salmon. Mar. Fish. Rev. 46: 62-67. 

Kolok, AS., and D.W. Rondorf. 1987. Effect of differential gastric evaculation and multispecies 
prey items on estimates of daily energy intake in juvenile chinook salmon. Environ. BioI. 
Fishes 19: 131-137. 

LeBrasseur, R.J. 1966. Stomach contents of salmon and steel head trout in the northeastern 
Pacific Ocean. J. Fish. Res. Board Can. 23: 85-100. 

Levings, e.D., and M. Kotyk. 1983. Results of two boat trawling for juvenile salmonids in 
Discovery Passage and nearby channels, northern Strait of Georgia. Can. MS Rep. Fish. 
Aquat. Sci. 1773: 55 p. 

1 

t 

J 

1 
j 

J 

I 

1 



I ! 

5 

Levings, C.D., G.L. Greer, and P. Miller. Results of preliminary mark-recapture with juvenile 
salmonids on Sturgeon and Roberts Bank, Fraser River estuary. Can. MS Rep. Fish. 
Aquat. Sci. 1684: 27 p. 

Levy. D.A., and T.G. Northcote. 1979. Juvenile salmon utilization of tidal channels in the 
Fraser River estuary, British Columbia. Dniv. B.C. Westwater Res. Cen. Tech. Rep. 23: 
70 p. 

Levy. D.A., and T.G. Northcote. 1982. Juvenile salmon residency in a marsh area of the Fraser 
River estuary. Can. J. Fish. Aquat. Sci. 39: 270-276. 

Manzer, 1.1. 1964. Preliminary observations on the vertical distribution of Pacific salmon (genus 
Oncorhynchus) in the Gulf of Alaska. J. Fish. Res. Board Can. 21: 891-903. 

Manzer, J.I. 1968. Food of Pacific salmon and steelhead trout in the northeast Pacific Ocean. 
J. Fish. Res. Board Can. 25: 1085-1089. 

Manzer, 1.1. 1969. Stomach contents of juvenile Pacific salmon in Chatham Sound and adjacent 
waters. J. Fish. Res. Board Can. 26: 2219-2223. 

Macdonald, J.S., LK. Birtwell, and G.M. Kruzynski. 1987. Food and habitat utilization by 
juvenile salmonids in the Campbell River estuary. Can. J. Fish. Aquat. Sci. 44: 
1233-1246. 

Mitchell, D.G., P.M. Chapman, and T.J. Long. 1.987. Acute toxicity of Roundup and Rodeo 
herbicides to rainbow trout, chinook, and coho salmon. Bull. Environ. Contam. ToxicoL 
39: 1028-1035. 

Myers, K.W., and H.F. Horton. 1982. Temporal use of an Oregon estuary by hatchery and wild 
juvenile salmon, p. 377-392. In V.S. Kennedy [ed.] Estuarine Comparisons, Academic 
Press, New York. 

Naiman, R.J., and J.R. Sibert. 1979. Detritus and juvenile production in the Nanaimo estuary. 
III. Importance of detrital carbon to the estuarine ecosystem. 1. Fish. Res. Board Can. 
36: 504-:-520. 

Neave, F. 1964. Ocean migration of Pacific salmon. J. Fish. Res. Board Can. 21: 1227-1.244. 

Northcote, T.G. 1974. Biology of the lower Fraser River: a review. Univ. B.C. Westwater Res. 
Cen. Tech. Rep. 3: 94 p. 

Northcote, T.G., N.T. Johnston, and K. Tsumura. 1.979. Feeding relationships and food web 
structure of lower Fraser River fishes. Univ. B.C. Westwater Res. Cen. Tech. Rep. 1.6: 
73 p. 
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Peterman, R.M. 1980. Testing for density-dependent marine survival in Pacific salmonids, 
p. 1-23. In W.J. McNeil and D.C. Himsworth [ed.] Salmonid ecosystems of the north 
Pacific. Ore. State U niv. Press, Corvallis. 

Peterson, W.T., R.D. Brodeur,' and W.G. Pearcy. 1982. Food habits of juvenile salmon in the 
Oregon coastal zone, June 1979. Fish. Bull. 80: 841-851. 

Rosberg, G.E., and S.C. Byers. 1985. Fisheries and aquatic studies for the proposed Fraser 
Richmond terminal development. Fraser River Harbour Commission, New Westminster, 
B.G: 157 p. + appendices. 

Shepherd, E.G., J.E. Hillaby, and R.J. Hutton. 1986. Studies on Pacific salmon (Oncorhynchus 
spp.) in Phase I of the Salmonid Enhancement Program. Vol I. Summary. Can. Tech. 
Rep. Fish. Aquat. Sci. 1482: 180 p. 

Shepherd, B.G., J.E. Hillaby, and R.J. Hutton. 1986. Studies on Pacific salmon (Oncorhynchus 
spp.) in Phase I of the Salmonid Enhancement Program. Vol II. Data appendices. Can. 
Tech. Rep. Fish. Aquat. Sci. 1482: 375 p. 

Sibert, J. 1975. Residence of juvenile salmonids in the Nanaimo River estuary. Fish. Res. Board 
Can. Tech. Rep. 537: 23 p. 

Simenstad, GA 1983. The ecology of estuarine tidal channels of the Pacific Northwest coast: 
a community profile. U.S. Fish Wildl. Servo FWS/OBS-83/05: 181 p. 

Simenstad, C.A, KL. Fresh, and E.O. Salo. 1982. The role of Puget Sound and Washington 
coastal estuaries in the life history of Pacific salmon: an unappreciated function, 
p. 343-364. In V.S. Kennedy [ed.] Estuarine comparisons, Academic Press, New York. 

Simenstad; C.A, B.S. Miller, IN. Cross K.L. Fresh, S.N. Steinfort, and J.C. Fegley. 1977. 
Nearshore fish and macroinvertebrate assemblages along the Strait of Juan de Fuca 
including food habits of nearshore fish. Nat. Oceanic Atmos. Admin. Tech. Memo. 
ERL MESA-20, Boulder, Co. 

Simenstad, C.A, B.S. Miller, C.P. Nyblade, K. Thornburgh, and L.J. Bledsoe. 1979. Food web 
relationships of northPuget Sound and the Strait of Juan de Fuca. A synthesis of 
knowledge. Environ. Protect. Agen. EPA 600-7-259: 335 p. 

Tutty, B.D., and B.A Raymond, and K. Conlin. 1983. Estuarine restoration and salmonid 
utilization of a previously dyked slough in the Englishman River estuary, Vancouver 
Island, British Columbia. Can. MS Rep. Fish. Aquat. Sci. 1689: 51 p. 

Waddell, B., and S. Markowski. 1983. Campbell River foreshore biophysical inventory. Depo 
Fish. Oceans, Vancouver: 153 po 

Waldichuk, M. 1987. The role of estuaries in salmon production. Mar. Pollut. Bull. 18: 571-572. 
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Wood, e.e. 1987. Predation of juvenile Pacific salmon by the common merganser (Mer gus 
merganser) on eastern Vancouver Island. 1. Predation during the seaward migration. 
Can. J. Fish. Aquat. Sci. 44: 941-949. 

Wood, e.e. 1987. Predation of juvenile Pacific salmon by the common merganser (Mer gus 
merganser) on eastern Vancouver Island. II. Predation of stream-resident juvenile 
salmon by merganser broods. Can. J. Fish. Aquat. Sci. 44: 950-959. 

1. chinook salmon (Oncorhynchus tshawytscha) 

Allen, M.A., and T.J. Hassler. 1986. Species profiles: life histories and environmental 
requirements of coastal fishes and invertebrates (Pacific Southwest) - chinook salmon. 
U.S. Fish Wildt Servo BioI. Rep. 82(11.49). U.S. Army Corps Engineers, TR EI-82-4: 
26 p. 

Anon. (no date). Chinook salmon. Fish. Oceans. Fact sheet: 1 p. 

Beauchamp, 00A., M.P. Shepard, and G.B. Pauley. 1983. Species profiles: life histories and 
environmental requirements of coastal fishes and invertebrates (Pacific Northwest) -
chinook salmon. U.S. Fish WildL Servo Div. BioI. Servo FWS/OBS-82-11.6 U.S. Army 
Corps of Engineers, TR EI-82-4: 15 p. 

English, KK 1983. Predator-prey relationships for juvenile chinook salmon, Oncorhynchus 
tshawytscha, feeding on zooplankton in "in situ" enclosures. Can. J. Fish. Aquat. Sci. 40: 
287-297. 

Fraser, EJ., P.J. Starr, and A.Y. Fedorenko. 1982. A review of the chinook and coho salmon in 
the Fraser River. Can. Tech. Rep. Fish. Aquat. Sci. 1126: 130 p. 

Hart, J.L. 1973. Pacific fishes of Canada. Fish. Res. Board Can. Bull. 180: 124-126. 

Healey, M.e. 1980. Utilization of the Nanaimo River estuary by juvenile chinook salmon, 
Oncorhynchus tshawytscha. Fish. Bull. 77: 653-668. 

Ito, 1., and R.R. Parker. 1971. A record of Pacific herring (Clupea harengus pallasi) feeding on 
juvenile chinook salmon (Oncorhynchus tshawytscha) in a British Columbia estuary. 
J. Fish. Res. Board Can. 28: 1921. 

Kolok, A.S., and D.W. Randorf. 1987. Effect of differential gastric evacuation and multispecies 
prey items on estimates of daily energy intake in juvenile chinook salmon. Environ. BioI. 
Fishes 19: 131-137. 
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Levings, C.D. 1982. Short term use of a low tide refuge in a sandflat by juvenile chinook, 
(Oncorhynchus tshawytscha), Fraser River estuary. Can. Tech. Rep. Fish. Aquat. Sci. 
1111: 33 p. 

Levings, CD., M.S. Kotyk, T.l. Brown, C.D. McAllister, 1.S. Macdonald, U. Fagerlund, and 
1. McBride. 1984. An account of an experimental release of marked juvenile chinook to 
freshwater, estuarine and marine habitats near Campbell River, B.C. Can. Tech. Rep. 
Fish. Aquat. Sci. 1269: 35 p. 

Levings, C.D., G D. McAllister, and B.l;? Chang. 1986. Differential use of the Campbell River 
estuary, British Columbia, by wild and hatchery-reared juvenile chinook salmon 
(Oncorhynchus tshawytscha). Can. J. Fish. Aquat. Sci. 43: 1386-1397. 

Macabe, G.T.,Jr., R.L. Emmett, W.D. Muir, and T.H. Blahm. 1985. Utilization of the Columbia 
River estuary by subyearling chinook salmon. Northwest Sci. 60: 113-124. 

Macdonald, 1.S., c.n Levings, GD. McAllister, D.H.M. Fagerlund, and 1.R. McBride. 1988. A 
field experiment to test the importance of estuaries for chinook salmon (Oncorhynchus 
tshawytscha) survival: short term results. Can. J. Fish. Aquat. Sci. 45: 1366-1377. 

Mitchell, D.G., P.M. Chapman, and T.J. Long. 1987. Acute toxicity of Roundup and Rodeo 
herbicides to rainbow trout, chinook, and coho salmon. Bull. Environ. Contam. Toxico!. 
39: 1028-1035. 

Neave, F. 1949. Game fish populations of the Cowichan River. Fish. Res. Board Can. BulL 84: 
32 p. 
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Fish. Res. Board Can. Bull. 65: 23 p. 

2. chum salmon (Oncorhynchus keta) 

Anon. (no date). Chum salmon. Fish. Oceans Can. Fact sheet: 1 p. 

Anon. Chum salmon. Environ. Can. Fish. Mar. Servo Fish. Fact Sheet 9: 2 p. 

Bax, N.J. 1983. Early marine mortality of marked juvenile chum salmon (Oncorhynchus keta) 
released into Hood Canal, Puget Sound, Washington, in 1980. Can. J. Fish. Aquat. Sci. 
40: 426-435. 
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1419-1429. 
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Healey, M.C. 1982. Timing and relative intensity of size-selective mortality of juvenile chum 
salmon (Oncorhynchus keta) during early sea life. Can. J. Fish. Aquat. Sci. 39: 952-957. 
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