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Preface

In 1974, in response to then President Nixon's order to gain self-sufficiency in meeting
the Nation's energy needs, the Bureau of Land Management (BLM), U.S. Department of the
Interior, announced an accelerated schedule that proposed 21 Outer Continental Shelf (OCS)
oil and gas lease sales. At the time, the Alaskan continental shelf, comprising 74 % of the total
area of U.S. continental shelves, was by far the Nation’s largest unexplored, or “frontier,” area.
As a consequence, Alaskan sales were prominent in the schedule.

As part of the Alaska OC S leasing program, the BLM entered into a basic agreement with
the National Oceanic and Atmospheric Administration (NOAA) to establish the Outer Con-
tinental Shelf Environmental Assessment Program (OCSEAP), whose role was to conduct
environmental studies in areas identified for potential oil and gas development. OCSEAP was
complemented later by BLM socioeconomic studies and endangered whales programs. The
programs provide information used in preparation of environmental impact statements for leasing
and post-sale decisions. OC SEAP’s activities have included review of existing data, planning
and management of original studies in all aspects of marine science, and transfer of information
to users via a variety of meetings and workshops. The BLM-sponsored programs have played
essentially the same role in its sphere of interest.

Considerable evolution of the Alaska OCS leasing program has occurred during the past
15 years. In 1982, the Minerals Management Service (MMS) was formed within the Department
of the Interior and assumed responsibility for federal offshore leasing and related studies.
Moreover, with the bulk of frontier area sales now having occurred and requirements for basic
information on living resources having largely been met for leasing decisions, the MMS has
assumed a progressively greater role in the direct management of selected portions of the Alaska
environmental studies program, most notably with respect to endangered species and monitoring
studies. The maturation of the Alaska studies program is also reflected in its diminished scope,
resulting from the lack of commercially viable petroleum discoveries thus far in all but the Arctic
region, and the aforementioned shift in programmatic emphasis from leasing to post-leasing
activities. The Alaska OCS leasing program is presently administered by the MMS Alaska OCS
Region Office, while OCSEAP is managed by the Ocean Assessments Division of the National
Ocean Service. Both offices are located in Anchorage, Alaska.

The Gulf of Alaska/Cook Inlet/North Aleutian Basin Information Update Meeting took
place at the Clarion Hotel, Anchorage, on 7-8 February 1989. The main purpose of the meeting
was to bring invited experts together with the staffs of MMS and NOAA, as well as other interested
parties, in order to present and discuss current information on selected topics relevant to the
geographic areas of interest. The information will be used by MMS to prepare draft environmental
impact statements and other decision documents for scheduled sales in the North Aleutian Basin
and Gulf of Alaska region, which includes several planning areas. The meeting was organized
into six technical sessions (Fisheries, Socioeconomic, Marine Mammals, Marine Birds, Coastal
Ecosystems, and Oil Weathering and Effects), each of which was composed of formal presenta-
tions followed by question-and-answer periods.

Written summaries of the speaker’s presentations form the body of this report. An intro-
ductory section (not part of the meeting) is included to develop a perspective for the emphases
of the studies conducted in the planning areas under consideration. A background section that
briefly describes OCS leasing activities in the area of interest and additional sources of infor-
mation is appended for those readers unfamiliar with the Alaska OCS leasing program. A list
of speakers and meeting attendees also is appended.



Acknowledgments

Many individuals contributed to the planning and conduct of the North Aleutian Shelf/Gulf
of Alaska Information Update Meeting, as well as to the preparation of this document. Special
thanks go to the invited speakers for their oral and written contributions. We also appreciated
the lively and informative interchange generated by members of the audience, who responded
to the speakers’ presentations with many perceptive questions. From the Minerals Management
Service, we thank Jerry Imm and Fred King for presenting introductory remarks and Dale Kenney
for assistance in meeting planning and publicity. We greatly appreciate the efforts of Catherine
and Anthony Mecklenburg of Point Stephens Press, who melded a packet of manuscripts into
a coherent and attractive document. Finally from our office, we thank Jawed Hameedi, who
offered advice throughout this project and presented introductory remarks at the meeting; Cheri
Hendren, for her attention to numerous administrative details; Karella Gumppert, for handling
numerous typing jobs; and Carrie Schoonmaker, for acting as meeting hostess.

Lyman K. Thorsteinson and Laurie E. Jarvela

vii



Table of Contents

Page

[ =] = 1o v

ACKNOWIEAGMENTS . . . . o oot e e e e e e e e e e e e vii

LISt OfFIQUIES . . . o oo e XV

List of Tables . . .. . xXl

Chapter 1. INtrodUCtion . . . .......... .. . l
L. E. Jarvela and L. K. Thorsteinson

Chapter 2. FishUseofInshore Habitats Along the North Side ofthe Alaska Peninsula. ... ....... 1

J P. Houghton and J.S. Isakson

2.0 INtroduCtion . . . .. oot 7

2.2 MEthOOS . . ..ottt 7

2.3 RESUILS . . .t 7

2.3.1 Demersal Fish .. ... ... 9

2.3.2 Pelagic Forage Fish . ... ... ... 9

2.3.3SalMON . . .o 1

24 DISCUSSION .« o oo ettt e e e 14

2.5 References Cited 16

Chapter 3. Relationships of Growth and Survival of Pacific Herring to Environmental Factors. ... 17
M. D. McGurk

BLINtrodUCLION . . o ot o e e 17
B2 StUAY ATA . . . o v ottt e e 17
3.3 Materials and Methods . . . .. . oo vt 17
BARESUITS . . . oo 20
B SUMIMAIY .« o . ottt et e e e e e e e e e e e 27

3.6 References Cited 30

Chapter 4. Genetic Stock ldentification of Sockeye and Chum Salmon from Bristol Bay, Alaska... 31
R. L. Wilmot, R. Everett, and W. A. Gellman

A1 INTrOAUCTION « . o o e e e e e e e e e e 31
A2 RESUIES . o o et e 31
A3 CONCIUSIONS .« o o e et e e e e 31

Chapter 5. Effects of Petroleum Contaminated Waterways on Migratory Behavior

Of AUt PinK SalMmON.. . . . o oo e e e 35
D. J. Martin

5.1 INrOdUCHION .« .« . v et e e e e e e e 35
5.2 Study AreaandMethods. . . . . .. ...ttt 35
BB RESUITS . . o o e et 36
5.4 DISCUSSION .« « « v v e e e e e e e e e e e e 36
5.5 CONCIUSIONS « . o et e e e e e 38
5.6 REfErences Cited . . . . . oot e e 38

Chapter 6. Fisheries Oceanography Coordinated Investigations (FOCI): Walleye Pollock

Recruitment in the Gulf of Alaska . . ... oo ottt 39
J. D. Schumacher and A. W. Kendall, Jr.

6.1 INtrodUCLION . . . . o oot e e e e e 39
6.2 Program Highlights . . ... .. .. .. e 39



6.3 FUuture Plans . . .. ... e 45
6.4 References Cited . . . . . . . . . e 46

Chapter7. Effects ofHabitat and Environmental Variableson Red King Crabs,

and Settling of Glaucothoe . . . ... .. 49

S. D. Rice and M. M. Babcock

7. INtrodUCtioN . . . ... e 49

7.2 Effects ofEnvironmentalVariables . . . . ... ... ... . ... .. .. .. .. 49
7.2.1 Egg-Adult Studies . . . . ... 49
7.2.2 Larvae Studies. ....... .. e 50

7.3 Habitat, CohortDensity, and Diet . . . .. ... ... .. . .. .. . .. . 51
7.3.1 Habitat andCohortDensity . . . .. ... .. .. 51
7.3.2 DIet oo 52

7.4 Settling of Glaucothoe . . .. ... 52

Chapter 8. Dietary Composition andDailyRation ofJuvenileKing Crab inthe

Southeastern Bering Sea... . . . . .o ottt 55
W. H. Pearson, D. L. Woodruff, and B. J. Higgins
8.1 INtrodUCtioN . . . . . . o 55
8.2 Location ofJuvenile Crabs... . . . ... .. . .. 55
8.3 Food Requirements . . . . . . .. . . 56
8.3.1 Shipboard EXperiments . . .. ... . 56
8.3.2 Diel FeedingChronologies and Daily Ration . .. ...................... 57
8.3.3 Dietary Composition . . ... .. 58
8.3.4 CaloricIntake . .. ... ... . .. 58
8.3.5 Immunoassay ofStomachContents . . . ......... ... .. ... .. ... 58
8.4 Potential ImpactsofOiland Gas Development . . .. ... .. ... ... .. .. ... .. ..... 59
8.5 References Cited . . . . . ... 60

Chapter 9. Current Status ofKingand Tanner Crab Fisheries with Particular Reference

tothe EasternBeringSea. . . . . . . ... 61
R. S. otto

0.1 INtroducCtion . . . . . ..o 61
9.2 Alaska andWorldKingCrab Landings . . . . .. .. ... .. .. 61
9.3 Bristol BayRedKingCrab . . . . ... ... 62
9.4 Alaska and WorldTannerCrab Landings . . .. .. ... ... . . . . ... 64
9.5 Bering SeaTannerCrabs . . . . . . . ... 68
9.6 References Cited . . . . .. ... 70

Chapter 10. An Industry Perspective on Fisheries and OCSDevelopment inthe

Southeastern BeringSeaand the North Aleutian Basin... . .. ..................... 71
A. Thomson

10.1  INtrodUuCtion . . . .. .o 71
10.2 Lack of Confidence . ... ...t 71
10.3  Cooperative Research . .. ... 71
10.4 Fisheries Bycatch . ......... ... 71
10.5 State and Federal FisheryJurisdiction . ... ...... .. ... ... ... ... ... .... 80
10.6 OCSOiland Gas Development . . . ... e 80
10.7 References Cited . . ... ..o i 80



Chapter 11. Commercial Fishing Harvest and Employment Forecast Methodology . . .. ........ 81
P. L. Burden
111 INtroduction . . . . e 81
11.2 Methodology . . . . ..o 81
11.2.1 Regulatory ProCess . . .o oo i it e e e 81
11.2.2 Biomass and HarvestEstimates . . .. ............ .. ... ... ... .... 82
1123 Harvest EStimates . . .. ... .. . 82
11.2.4 Ex-vessel Price Forecasts.. . . . ... . . i 82
11.25 Industry Allocation . . ... ... . . . e 82
11.2.6 Fleet CharacteristiCs . . . .. ... ... i e e 82
11.2.7 Community ECONOMIC ZONE . . . . . . .. e e 83
11.2.8 Employment and Income Estimates . . . ......................... 83
11.2.9 Community Analysis, . . . .. ... e 84
Chapter 12. Social Indicator Systems for Coastal Villagesin Alaska . ......................... 85
J. G. Jorgensen
12,0 INtroduction . . ... o 85
12,2 ReSUIS . . .. 86
12.2.1 Questionnaire Results . . . ... ... 86
12.2.2 Protocol Results . . . ... .. 86
12.2.3 Cognitive Attitudes About Natural Resources and Management. . . . . 88
Chapter 13. Overview ofSubsistence Research in the Bristol Bay Region, Southwest Alaska . . . . .. 91
J. A. Fall
13.1 Introduction . . .. ... 91
13.2 Background . . .. ... 91
13.3 Definition ofSubsistence Research . . .. ... ... ... ... . .. . .. . . . e 91
13.4 Subsistence Researchinthe BristolBayRegion . .. ... .................... 94
135 Major FIiNiNgs . . . . ..o 94
13.6 Current Subsistence ISSUES . . . . . ... .. . 95
13.7 Future ResearCh . .. ... .. 95
13.8 References Cited . . ... ... i 96

Chapter 14. Marine Mammal Habitat Use in the North Aleutian Basin, St. George Basin,

Chapter 15.

and Gulfof Alaska. . ... ... . e 97
J- J. Brueggeman, i 4 Green, R. A. Grotefendt, g W Tressler, and D. G. Chapman

14.1 INtrodUCtion . . .. .o 97
14.2 Cetacean Survey Results. .. ... ... e 97
14.3 Sea Otter SurveyResUlts. . . . ... ... . 105
14.4 Acknowledgments . . . .. .. . 108
145 References Cited . . . .. .. i e 108
Status ofBelukha WhalesinCook Inlet . . .. ... ... .. ... .. .. .. . . . . . . . . . . ... 109
D. G. Calkins

15.1 Introduction, . . ... o 109
15.2 Distribution . . . ... e, 109
15.3 Population Size . .. .. ... 110
15.4 Food Habits . . .. ... 110
155 ReproduCtioN . . . .. 112
15.6 RecommEeNdations . . . . ... it 112

Xi



Chapter 16. Status of Northern Fur Seals . . ... . . . . e 113
T. R. Loughlin
16.1 INtroducCtion . . .. . ... 113
16.2 Methodology . . . . . . ot 113
16.3 0ngoing Research . . . ... ... .. . . . e e 115
16.4 REfEreNCES . . . . . . e 115
Chapter 17. Status ofNorthern Sea Lions . . .. ... ... . e e 117
T. R. Loughlin
17.1 Introduction . . . . . .. 117
17.2 CUrrent StatusS . . . . . . . i e e 117
17.30Nngoing Research . . ... ... . . 117
17.4 ReferenCeS . . . . . . 120
Chapter 18. Movement PatternsofWestern AlaskaPeninsula SeaOtters . .. ................. 121
C. Monnett and L. M. Rotterman
18.1 Introduction . . . . . . . .. 121
18.2 StudyArea and Methods . . . . .. ... ... .............. S 121
18.2.1 Dates and Location . . . ... .. .. 121
18.2.2 Methods . . . . . .. 121
18.3 Results and DiSCUSSION . . . . . . ..ot e 122
18.3.1 Capture, Tagging, And Instrumentation . ....................... 122
18.3.2 MONITONING . . . o o 123
18.3.3Survival . .. ... e 123
18.3.4 Movement Patterns and Distribution . . ... ...................... 123
18.4 General COmMMENES . . . . . . ottt e 126
18.5 Acknowledgments . . . . .. . 127
18.6 REfEIENCES . . . . oottt e e e 128
Chapter 19. Black Brant Aircraft Disturbance Studies . . .......... .. . i 129
D. Ward
19.1 Introduction, . . .. ... . e e 129
19.2 Preliminary Results . . . ... .. 129
19.3 Future Research . . . ... .. . e, 131
Chapter20. North Aleutian ShelfCoastal Ecosystem . ... ... ... . . . .. 133
J. C. Trueit
20.1 Vertebrate Distributionand Abundance . . ... .......... . ... .. ... .. ... ... 133
20.2 Influences of Prey Distribution and Physical Factors . . . ................... 135
20.3 Primary Production, Nutrients, and Transport . . .. ...................... 137
20.4 Comparison WithAdjacentAreas . . . . . .. ..o e 138
20.5 Further InformatonNeeds. . . . ... ... . . 139
20.6 References Cited . . . .. .. .. 140
Chapter 21. Marine Birds and MammalsofUnimak Pass . . . ............. ... ... ... ... 143
D. M, Troy
21.1  INtroducCtion . . . .. .. 143
2101 StUAYANEa . . . o o e e 143
21.1.2 Resources ofCONCErN . . . . . ... i 143
21.2 Methods . . ... . e 143

Xii



21 8 ReSUItS . . .. 144
21.3.1 Distribution of Birdsand Mammals . ......................... 144
21.3.2 Oceanographic Features . . . . . . ... ... .. . . .. . . . .. 146
21.3. 3 Prey ResOUICES . . . .o i 147

20,4 DISCUSSION . . .ot e 148
1. A AFall CrulsSe . . . -« o v o e e e e e e e e e e e e e e 148
21.4.2 Winter Cruis . . .. ... 149
21.4.3 Spring CrUisSe . . . ..o e 149

215 Conclusions . . . . . .. 150

Chapter 22. Coastal Zone Oil Spill Model: Performance Test of Wave

Propagation Components ... . . . . . . . . . . . . . ... .... Y eyeeerereyeeenerenaes 151
M. Reed
22,1 INTrodUCtion . . . . o o 151
222 Methods . . . oo 151
22,3 StUAY ArEa . . . .t o e, 151
224 Results . . . . o 152
225 References Cited . . . . . ..o e 156
Chapter 23. Alaska Oil Dispersant-Use Guidelines . . . .. ........... ... .. ... .. ...... 161
J. W. Whitney, C. A. Manen, P. O Brien, C. Lautenberger, C. Slater,
H. Metsker, E. Robertson-Wilson, D. D. Rome, andP. Bergmann
23.1  Introduction . . . . . . ... 161
23.2 Dispersant Use ZONes . . . .. .ottt 161
2321 Z0ONE . . o o 161
2322 Z0N€ . . 162
23.2.3 Z0NE . . . 163
23.3 Specific Guidelines: Cook Inlet. . . . . . . . . . . . . . . . ..l64
23.4 Specific Guidelines: Prince Willam Sound . . .. ........ ... ... ... ... ..... 166
235 Dispersant-Use Checklist . . . .......... . ... . ... .. ... . ... .. ... .. 168
23.6 Timeliness of Dispersant-Use Decision . . .............. ... ... ........ 169
23.7  Acknowledgments . . .. .. 169

23.8 References . . . . . . . . . . . . . . ..o LA

Appendix I. Background Information.. . . . ........ ... ... . 171
Appendix 1. SPEAKENS . . . . e 175
Appendix III.  Attendees. .. ... ... ... . ... . LT

X



List of Figures

Frgure Page
1.1 Alaska OCS Region oil and gas lease planning areas . . . . . . ... ... ... ......... 2

2.1  Study subareas and transect locations on the north side of the Alaska Peninsula,
1984 and 1985, . . . ... 8

2,2 Purse seine catch of juvenile salmon by cruise, all transects and

stations combined, 1984... . . . . . ... 12
2.3 Juvenile salmon mean catch by geartype, 1985 .. ... ... ... .......... e 13
2.4 Juvenile sockeye salmon catch by transect andperiod, 1985 . . .. ... ......... ... . ...... 14
2.5 Juvenile chum salmon catch by geartype, 1985 ... ... ... ... ... ... .. .. .. ... . . ... 15
3.1  Map of Auke Bay showing the five plankton sampling stations . . . ... ................ 18
3.2 Flow chart of procedures for sampling herring larvae, prey, and predators in

Auke Bay and for analysisofdata . ... ... . 19
3.3 Growth in length of cohorts 1 to 4 based on analysis of length frequencies at

date of capturcoflarvaeand juveniles. ... ... ... . . 21
3.4 Mean number of rings in the two sagittal otoliths of herring larvae of

cohorts 1,2 ,and 3 asa function oftheir date ofcapture . . ... ... ...... S e 22
3.5  Growthin length of cohorts 1to 4 based on the meannumberofrings

in the sagittal otoliths .. . . .. ... . 23
3.6 Flow chart of procedures for calculation of specific growthrate . . . . .. ... ... ... ... ... 24
3.7  Specific growth rate of herring larvae as a functionoflength . .. ......... ... ... ... ... ... 25
3.8 Specific growthrate as function of mean prey concentration . ... .................... 26
3.9 Critical prey concentrations . . . . . . . . . . . 27
3.10 Density of herring larvae of cohorts land 2 as a function of date of capture . . . . .. ... ... 28
3.11 Starvation, predation, and total mortality of cohorts1 and 2 as functions ofdate . . . ... ... 29
4.1  True proportions of Bristol Bay chum salmon stocks versus the proportions

estimated by the GSIprogram . .. ... . 32
4.2  True proportions of Bristol Bay sockeye salmon stocks versus the proportions

estimated byvthe GSIprogram . ... ... ... . . . . . . . . 33

XV



Figure Page

6.1 Bathymetric setting of the FOCI study area . . . ........... ... . i 40
6.2 Distribution of larvae 18-29 May 1987, and distribution of late larvae

and juvenile fish 17 June-16 July 1987 .. ... ... ... .. . . 41
6.3 Mortality rate of pollock larvae as a function of hatch date for

samples collected in May and in June-Julyof 1987 . . ... ... ... .. . . 42
6.4 Relationship between age-3 recruits and NEPPI and between

age-3 recruits and spawning biomass . . . . ... ... . . e 43
6.5 Winds measured froma NOAAaircraft . . . .. .. ... . 44

6.6 Time series plot of monthly mean temperature measured within 15 m of the
bottom of the sea valley between the Semidi Islands and ChirikofIsland . ................. 45

6.7 Mean speeds of Aanderaa current meters equipped with standard Savonius rotor
and with a new paddle rotor as a function of an acoustic current meter . . . .. ... .. .. 46

8.1 Thestudy area in the southeastern Bering Sea . ... .......... ... e 56

8.2 Decay curve for the clearance of all items naturally present in the stomachs
ofjuvenile Kingcrab . ... ... ... 57

8.3 Standardized dry weight of stomach contents versus time of day for

juvenile kingcrab . ... ... 58
9.1 Contribution of various species to U.S. crab landings in 1978 . . . ... ... .. ... ... ..., ... 62
9.2 Contribution of various species to U.S. crab landings in 1987 ... ................ N -4
9.3 Contribution of various species to the total value of U.S. crab landingsin 1978 . ............. 62
9.4 Contribution of various species to the total value of U.S. crab landings in 1987 .. .......... 62
9.5 Contribution of major U.S. king crab fisheries to world landings . . . ... ........... e 63

9.6 U.S. landings in millions of pounds, catch per unit of effort as crabs per pot,

and the abundance of legal red king crabs, estimated from the NMFS trawl surveys . . . 63
9,7 Estimates of abundance for red king crabby 5-mm length classes, 1986-88 . . . ... ... .. .. 66
9.8 Contribution of U.S. Tanner crab fisheries to world landings . . . .. ................... 67
9.9 Contribution of the eastern Bering Seato U.S. landings of Tanner crabs . . . . . .. e 67

9.10 U.S. landings in millions of pounds, catch per unit of effort as crabs/pot,
and the abundance of large C. &airdz in Bristol Bay and the Pribilof
District in millions, estimated from the NMFS trawl surveys . . . . ... ... .. , ... 68

9.11 Estimates of abundance for C. bairdi in Bristol Bay and the Pribilof District
by 5-mm width classes, 1986 -88..... . . .. ... ... e 69

XVi



Figure Page
10.1 Foreign fishing regulations in the Bering Sea-Aleutian Islands Management Area . . . . .. 73

10.2 Eastern Bering Sea trawl bycatch restrictions on king and Tanner crabs
as established by Amendment 10 to the Bering Sea-Aleutian Islands

Fishery Management Plan..... . . . .. ... 74
10.3 Eastern Bering Sea trawl bycatch restrictions on king and Tanner crabsin1989............ 75
10.4 Distribution of juvenile red king crabs age 3 and younger inJune 1983 . . . ... ............. 77
10.5 Distribution of juvenile red king crabs older than 3 yearsinJune 1983 .. ... .............. 78
10.6 Distribution of juvenile red king crabs age 3 and younger in September 1983 . . ... ......... 79

11.1 Actual and predicted harvests of Alaska Peninsula-Aleutian Islands king salmon, 1967 -87... 83
13.1 The Bristol Bay region . . . .. ... 93
14.1 Study area forcetacean andseaotter surveys1985-87 ............. ... ... . ... ... .. ... 98

14.2 Location of transect lines surveyed for cetaceans from airplane,
April-December 1985 . . . .. .. 99

14.3 Location of transect lines surveyed for sea otters from airplane,

March-0October 1986 . . . .. ...t 100
14.4 Location of transect lines surveyed for cetaceans from vessel, June-July 1987 . ... .......... 101
14.5 Location of gray whales observed inthestudy area................................... 103

14.6 Humpback whale locations recorded during the 1985 aerial surveys and 1987
Shipboard SUNVEYS . . . . . .o 104

14.7 Finback whale locations recorded during the 1985 aerial surveys and 1987

Shipboard SUNVEY S...... . . . o 106
14.8 Seaotter distribution inthe study area, 1986 . . . .. .. .. ... .. .. ... 107
15.1 Range of belukha whales inthe Gulfof Alaska . . . . ....... ... .. .. ... . .. . . . .. .. ... ... 111
16.1 General oceanic distribution and breeding islands of the northern furseal . ............... 114
16.2 Number of northern fur seal pups born at St. Paul Island, Alaska, 1970-88 . ... ........... 115
16.3 History of northern fur seal exploitation, 1786-1979, Pribilof Islands, Alaska. . ............ 116
17.1 Map depicting suggested world distribution and rookeries of northernsealions............ 118

17.2 Trends in total adult and juvenile northern sea lion abundance by area in Alaska,
for spring and summer surveys conducted in 1956-85.......... ... ... .. 119

Xvii



Figure

17.3

18.1

18.2

18.3

18.4

18.5

18.6

20.1

20.2

20.3

20.4

20.5

20.6

20.7

21.1

21.2

21.3

21.4

21.5

21.6

21.7

21.8

Comparison of mean standard lengths of female northern sea lions collected

near Kodiak Island, Alaska, 1975-78 and 1985-86. ... .. ... . ... . . . i 120
Mapofstudy areawith locations mentioned inthetext. . . ............ ... ... .......... 122
Radio-locations of sea otters in western Alaska Peninsula study by time of year . .. ......... 123
Summary of the movements of two radio-instrumented male seaotters . ... ............... 124

Distances between extreme locations of radio-instrumented male sea otters

in Alaska Peninsula study.. . . ... ... v 125
Summary of movements of two Alaska Peninsula sea otter study females . .. .............. 126
Distances between extreme locations of radio-instrumented female sea otters. . . .. ... ...... 127

Area of research for the North Aleutian Shelf coastal ecosystem study,
eastern Bering Sea, Alaska. . . . ... ... . 134

North Aleutian Shelf study area showing locations of transects and sampling stations . . . . . .. 135

Seasonal importance of euphausiids and copepods in the diets of sand lance
onthe North Aleutian Shelf.. . . ... ... . e 136

Stomach contents of surface-feeding birds collected during four cruises
over the North Aleutian Shelf, May 1984 to July1985.................... .. ... ........ 137

Stomach contents of water-column feeding birds collected during four cruises
over the North Aleutian Shelf, May 1984 toJuly 1985 . . .. ........ ... ... .. ... ... 138

Composition of stomach contents of benthic feeding birds collected during

four cruises over the North Aleutian Shelf, September 1984 to July 1985 . . ... ............. 139
Approximate quantification of conceptual model of North Aleutian Shelf coastal zone . . . . .. 140
The Unimak Pass study area.. . . . ... it e e e e 144
Distribution of short-tailed shearwaters during the fall 1986 cruise . ..................... 144
Distribution of whiskered auklets during the fall 1986 cruise ... ........................ 145
Distribution ofmurres during thewinter 1987 cruise . . . ... ... .. . ... 145
Distribution of crested auklets during the winter 1987 cruise . ... ......... ... ... ... ..... 146
Distribution of whiskered auklets during the winter 1987 cruise. . . ...................... 146
Distribution of short-tailed shearwaters during the spring 1987 cruise . . . ................. 147
Distribution of whiskered auklets during the spring 1987 cruise . . . ...................... 147

xviii



Figuit?
21.9

21.10
21.11
21.12
22.1
22.2
22.3
22.4
22.5
23.1
23.2
23.3
234
23.5
23.6

23.7

Page
Abundance of short-tailed shearwaters by water mass and cruise. , 148
Abundance of whiskered auklets by water mass and cruise . . .. ... .. ... .. .. ... 149
Abundance of crested auklets by water mass and cruise , 149
Abundance of oldsquaws by water mass and cruise . . . . .......... ... 149
COZOIL mass transfer pathwaysin the coastal zone . . . .. .................. 152
Model application domain . . . . . . . . . . . . . . . . . . . . . . . ..153
Digital depth grid . . ... ... e, 154
Case I: modeled wave-breaking matrix . . . . . ... ... .. .. ... ... 158
Case I: modeled wave-heightmatrix........ ... ... ... ... .. . 159
Alaska’s shoreline compared with that of the continental United States . . ... ........ 162
Alaska Dispersant-Use Decision Matrix . . ........ .. ... . i i i 163
Southern Cook Inlet dispersantuse ZoNes . . ... ... .ttt e e 164
Northern Cook Inlet dispersant USe zones ........................c.ou.........165
Prince William Sound dispersant use zones with vessel traffic lines delineated . . . ... ... 167
Port of Valdez and Valdez Arm dispersant use zones . . . . . .. .. .. .. ... 168
Copper River Delta dispersantuse ZONes . . . . ... .ottt e e e 169

XixX



List of Tables

Table Page
21 Total fish catch by species, North Aleutian Shelf, 1984 . . . .. ... ... ... ... .... 10
2.2  Total  fish catch by species, North Aleutian Shelf. 1985 . . . . 1t
8.1 Stomach clearance rates for specific prey items fed to juvenile kingcrab ., ., ., .,.,.......57

8.2 Dietary composition from visual examination of stomach contents of juvenile king
crab corrected for stomach residence times and including floe and sand—June cruise 59

8,3 Dietary composition from visual examination of stomach contents of juvenile

king crab corrected for stomach residence times and including floe and sand . . 60
9.1 US. crab catch mnmillions of pounds . . . . . . . 64
9.2 U. S. crabcatchinmillionsof dollars. . .. ....... .. .. ... . . . . . . . . 64
9.3 World king crab catchinmillionsof pounds . . . . ... ... ... ... ... . L. 65
9.4 World Tanner crab catch in millionsof dollars . . . ......... .. ... ... ... ... ... ...... 63

10.1 Joint venture processor performance in Zone 1 flounder fisheries prior to
and after Amendment 10 to the Bering Sea—.Aleutian Islands Fishery
Management lab . . . . . . . . . . ... oL Lo oL L0 T4

10.2 Summary of 1988 Bering Sea joint venture prohibited species catches
for the period 1 January through 6 August 1988 . . . . . . .. ... ... ... ... ....... 76

10.3 Reported catches of groundfish and selected prohibited species by
domestic and joint venture fishermen operating in Zone 1 of Bristol Bay,

8-31 December 1988 . . . . . . e 80

13.1 Communities of the Bristol Bay region. southwest Alaska. and
associated Division of Subsistence technical papers . . . . 92

14.1 Cetaceans observed in the studv area. April-December 1985 and June-July 1987 . 102

14.2 Survey effort and number of sea otters observed in the study area.

March-October 1086 . . . . .. ... 105
14.3 Estimated abundance ofsea otters inthestudyarea................ ... .. ......... 108
21.1  Densities of marine birds by Cruise. . . . .. ... ... . 0y e 144
21.2  Densities of marine mammals b>- CruiSe . . .. ..o oot e 145

XXi



Table Page
22.1 Comparison of modeled and observed breaking-wave heights and angles
for test ease | . ... .. 155

22.2 Comparison ofmodeled and observed breaking-wave heights and angles
FOr TESE CASE 2 . . . .o 155

22.3 Comparison of modeled and observed breaking-wave heights and angles

FOr TESt CaSE 3 . . o oo 156

22.4 Statistical summary of model test results for -wave angle . . .. ......... ... ... ... ... . ... 157

22.5 Statistical summary of model test results for wave height . . . ............ .. ... ... ..... 157
Appendix

1.1 Past leasing activity in the region . . . ... ... .. 172

XXii



Chapter |

Introduction

LAuRIE E. JarRVELA and LyMax K. THORSTEINSON

NOAA, National Ocean Service, Ocean Assessments Division, A laska Office,
222 W Eighth Awvenue, #56. Anchorage, Alaska 99513-7.543

The Gulf of Alaska, Cook Inlet, and North Aleu-
tian Basin (GOA/CI/ NAB; Fig. 1.1) are areas in
which federally sponsored Outer Continental Shelf
(OCS) oil and gas leasing has taken place over the
past 12 years. Exploratory drilling has occurred in
the former two planning areas and is anticipated
shortly in the NAB area. Furthermore, additional
leasing is anticipated in all of the areas. As part of the
OCS leasing and development process the Minerals
Management Service (MMS) identifies potential
socioeconomic effects, ocean use conflicts. and envi-
ronmental effects associated with planned oil and gas
development, assesses such issues, prepares program
documentation, applies preventive or mitigative
measures to minimize adverse effects of oil and gas
development, and monitors development activities.

A key requirement of the OCS oil and gas leasing
process is the availability of the information needed
for informed assessments. This has resulted in the
conduct of a large number of studies addressing a
variety of issues in the GOA /CI/NAB lease plan-
ning areas over more than a decade. These studies
have addressed:

. hatural hazards

. oil spill fate and effects on biota and habitats

® commercial fish and shellfish and associated
fisheries

. important habitats

. marine birds and mammals

.endangered species

. socioeconomic effects of OCS-related
development

Many information needs have been satisfied as a
consequence of studies conducted for past sales.
However, given the ongoing OCS oil and gas leasing
and industry activity, there is a continuing need to
update existing information (e. g., the present status
of commercial fisheries) and to selectively acquire

new information (e.g., in the Shumagin Planning
Area, where little work had been done previously),
Thus there have been—albeit at a reduced level —
OCS-related studies under way in these planning
areas in recent years. The GOA /CI/NAB Informa-
tion Update Meeting was a forum to present the
results of more recent MM S/OCSEAP-sponsored
studies as well as relevant information acquired
by state and federal management agencies. In the
following paragraphs we attempt to lend a general
perspective to the summaries of the meeting presen-
tations that follow by relating them to current issues
and federal OCS oil and gas program needs in the
geographic areas of interest.

The salmon, crabs, groundfish, and herring in
the Gulf of Alaska and southeastern Bering Sea are
the basis for lucrative regional commercial fisheries
supporting local communities and fishermen from
more distant areas. Many species are also heavily
used for subsistence. The importance of the fisheries
and fishery-related issues is reflected both in the
great emphasis given to them in past and ongoing
studies by state and federal agencies and in the
preponderance of fish and fishery-related presenta-
tions at the Information Update Meeting.

Until recently. little was known about fish use of
shallow nearshore habitats along the north side of
the Alaska Peninsula. The meager data— mainlv
from commercial fisheries catches and exploratory
fishing conducted 20 years ago to study the seaward
migration of sockeye salmon — suggested that this
was an important seasonal habitat for many migra-
tory finfish species and an area of juvenile residency
for others. Data with better temporal-spatial reso-
lution were needed to adequately assess potential
effects of development from the nearby North Aleu-
tian Basin planning area, so an intensive 2-Year
survey of the coastal waters was implemented. This
study provided considerable new information on the
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Figure 1.1 —Alaska OCS Region oil and gas lease planning areas.
(Adapted from OCS Information Report MMS 87-0016.)

timing and extent of use of the waters inside the 50-m
isobath by outmigrant Pacific salmon, other com-
mercially important species, and forage fish.

The Pacific herring roe fishery in the Togiak area
of Bristol Bay presently is the richest such fishery in
Alaska. The fishery occurs in the NAB northeast of
the Sale 92 oil and gas lease blocks. Little is known
about the early life history of herring in the Bering
Sea. Thus it is difficult to assess their potential vul-
nerability to oil spills resulting from Sale 92 activities.
In 1988 MMS/OCSEAP implemented a herring
study in Auke Bay, southeastern Alaska, to evaluate
habitat use and larval and juvenile herring growth
and condition as a function of prey availability. This
work, conducted in concert with APPRISE, a multi-
year, multidisciplinary investigation of the association
of primary production and subsequent recruitment
of commercial fish, is described herein. It forms the
basis for a herring study in the Port Moller area of

Bristol Bay that will begin in 1989, That study is one
element of a four-element fishery oceanography in-
vestigation, also including king crabs, Pacific salmon,
and physical oceanography.

Field and laboratory studies of larval and juvenile
king crabs conducted at Auke Bay during the past 2
years have provided a variety of insights about their
behaviors and habitat preferences, complementing
earlier work on king crab food habits and energetic
performed in the field along the north side of the
Alaska Peninsula. The OCSEAP-sponsored research
on the food habits of king crabs in Bristol Bay is the
only such Alaskan work we are aware of that incor-
porated an examination of clearance rates of various
prey items as part of the food habits analysis and, in
addition, immunological assays to identify crab prey
not amenable to visual analysis. As with the herring
study, the results of these and other studies not
described at the Information Update Meeting will



form the basis for site-specific investigations of the
early life histories of the king crabs in the vicinity of
Port holler.

Red king crab and éazrdi Tanner crab stocks in the
eastern Bering Sea are presently in a depleted con-
dition. Recent crab fishing effort has been focused
largely on opilio Tanner crabs and brown and blue
king crabs. Management agencies have been con-
ducting a variety o-f investigations to determine the
causes of the precipitous drops in red king crab and
bairdi Tanner crab abundances. Overfishing, disease.
multiple crab pot lifts, and other factors have been
implicated; however, the evidence is still equivocal.
The burgeoning ground fishery in the southeastern
Bering Sea may be a contributing factor, Large
numbers of crabs are taken as bycatch when trawling
for groundfish. Capture and handling mortalities of
crabs of many age classes may be significant. The
trawl fishery for Pacific cod in the shallow waters
near Port Moller is of particular concern to Bering
Sea crab fishermen. The area is suspected to be
nursery habitat for juvenile red king crabs, and the
fishermen fear that intensive trawling may adversely
affect the habitat and resident crabs.

An ongoing MMS/OCSEAP study addresses the
potential effects of oil spills on outmigrant salmon
smelts in the Bristol Bay area. Information on the
uming and migration routes of the various stocks of
smelts transiting the bay during spring and summer
is sparse. This is mainly due to difficulties associated
with stock identification, varying freshwater residence
periods of different stocks. environmental influences
on the timing and rate of migration of stocks. and
intermingling of stocks in marine waters. An oil
spill’s effects may be much different if, for example,
it affects a single stock instead of a mixture of stocks.
The former case is assumed to be more serious. as
impact would be more concentrated; in the latter
case it would be dispersed among several stocks.
This issue is being addressed through a genetic stock
identification study of Bristol Bay salmon, During
the past 2 vears tissues have been collected from
adult fish in the major drainages around Bristol Bav.
The results of - ‘genetic indexing” of chum and
sockeye salmon populations were discussed at the
meeting. This work is intended to lead to a capability
to identify the river of origin of fish by their electro-
phoretic - ‘fingerprints.” During 1989 some initial
sampling of smelts in Bristol Bay is anticipated to
test the approach. The genetic stock identification
investigation is an element of the fishervoceanog-
raphy study.

Introduction 3

The Alaskan walleye pollock fishery is one of the
richest in the world in terms of catch size and earn-
ings, During the past few vears it has evolved from a
foreign-dominated fishery to one dominated by joint
ventures between Americans, who catch the fish, and
foreigners. who process the fish and transport and
market the products. The management of the pollock
fishery is hindered by the lack of information on the
stock composition of populations fished, reliability
of biomass estimates, and, in Shelikof Strait. the
determinants of recruitment success. To address this
need. NOAA’s Environmental Research Laboratory
and National Marine Fisheries Service and other col-
laborators have been conducting a multivear, multi-
disciplinary study entitled Fishery Oceanography
Coordinated Investigations (FOCI). FOCI is pres-
ently concentrating on the relationships between
environmental conditions and the spawning success
and survival of larval and juvenile pollock. Field work
has been conducted mainly around the western end
of Shelikof Strait. where the bulk of the Gulf of
Alaska pollock population is thought to spawn.
FOCI “s work is germane to OCS-related assessments
due to the pollock’s dominant position in regional eco-
systemns and the economic importance of the fisherv.

MMS has sponsored numerous socioeconomic
and sociocultural analyses in the GOA/CI/NAB
area. One element of the program has been the anal-
ysis of regional fisheries and their impacts on local
communities. The dynamic nature of the fisheries
strongly influences regional employment and a host
of other factors. Such effects must be understood in
order to evaluate properly the incremental changes
induced by OCS activities on local communities in
the region adjacent to and bheyond the GOA/CI/NAB
planning areas, Similar] >-, other factors operate to
influence the sociocultural and socioeconomic fabrics
of regional communities and they must be known in
order to fit OCS effects into the broader social con-
text. Alaska is unique among the states experiencing
OCS activity in the importance of subsistence as an
economic force and one having a legal basis through
the Alaska National Interest Lands Conservation
Act, Subsistence hunting and fishing are important
activities in virtually all coastal towns and villages in
the GOA /CI/NAB region. As such. potential effects
of OCS development on subsistence resources are
routinely incorporated into the assessments prepared
for leasing actions. Several presentations at the In-
formation Update Meeting addressed the socio-
economic aspects of OCS development in the area
of interest,
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Marine mammals are conspicuous inhabitants of
the GOA/CI/NAB region. Therefore, they were the
subject of numerous investigations by MMS/OCSEAP
prior to initial lease sales in the region. However,
much of that information is now dated (e.g., northern
sea lion and sea otter censuses) and certain basic
information needs remained, particularly those per-
taining to endangered whales. Two recent OCSEAP-
sponsored studies described at the Information
Update Meeting address those shortcomings. In 1985
MMS/OCSEAP implemented a multiyear investi-
gation of marine mammal abundance and habitat
use in the waters along the north and south sides of
the Alaska Peninsula. That study was complemented
by an investigation of sea otter movements employing
radio-tagged animals, The latter investigation was
intended to supply information applicable to a sea
otter-oil spill interaction model specifically tailored
for assessments of effects of a spill on the large otter
population residing along the north side of the
peninsula, Both studies included evaluations of
suspected seasonal movements of animals between
the north and south sides of the Alaska Peninsula.

State of Alaska and NOAA resource management
agencies are conducting marine mammal inves-
tigations that complement MMS/OC SEAP studies.
Especially noteworthy are those concerned with nor-
thern fur seals and Steller sea lions. Both of these
species, which are abundant in the GOA/CI/NAB
region, are experiencing population declines, the
causes of which are currently not known. Interac-
tions with commercial fisheries are thought to play
an important role in the declines. The depressed
states of these populations likely will have major
impacts on the management of both mammals and
fisheries in the region for many years, especially if
they are given threatened or endangered status under
the Endangered Species Act. There is a belukha
whale population in Cook Inlet that appears to be
isolated from the larger population in the Bering Sea
and Arctic Ocean. Relatively little is known about
the Cook Inlet belukha population—its size, habitat
use, or other attributes. Experts from the Alaska
Department of Fish and Game and NOAA National
Marine Mammal Laboratory presented overviews
of the current status of these populations at the
Information Update Meeting.

The coastal waters along the north side of the
Alaska Peninsula and Unimak Pass are character-
ized by intensive seasonal use by numerous marine
mammal, seabird, fish, and shellfish species. It had
been hypothesized that observed patterns of utiliza-

tion were related to enhanced primary productivity.
In short, i sztu productivity was thought to be
augmented by particulate organic matter exported
from nearby estuaries—most notably, eelgrass from
Izembek Lagoon and, to a lesser extent, from Port
Moller. The coastal habitats are potentially vulner-
able to oil spills and other perturbations if OCS oil
and gas production and transportation occur in the
region. Therefore, two ecological investigations were
conducted in the area during the past few years.
This work, described at the Information Update
Meeting, has resulted in a more refined knowledge
of the dominant physical and biotic attributes, the
dynamics of their interactions, and their roles in
ecosystem structure and function of the coastal NAB
and Unimak Pass.

“Effects” studies include laboratory and field
experiments to ascertain the toxicological or behav-
ioral effects of chemicals, noise, and other perturbing
agents on biota. Two recently completed experiments
that were discussed at the Information Update Meet-
ing concerned black brant and salmon, animals that
are seasonally abundant in the region under consid-
eration. During summer 1988, a field experiment to
determine the reactions of migrating salmon to a
plume of dissolved petroleum was conducted. The
results of this work have application to assessments
of oil spill effects on salmon stocks in Bristol Bay and
elsewhere. The second study involved controlled
experiments on the responses of staging black brant
to several types of aircraft flown at selected altitudes
and distances from flocks of the birds. Information
from studies such as this is used to develop stipula-
tions for aircraft operations in the vicinity of impor-
tant waterfowl concentration areas such as Izembek
Lagoon and the large seabird colonies in the Gulf of
Alaska. Each of the above efforts reflects the sophis-
tication and innovation required to develop and
implement experiments that can quantitatively
determine the responses of free-ranging organisms
to anthropogenic perturbations under field
tions in which the animals’ responses maybe subtle,
variable, or not directly observable.

Investigations ofoil spill fates form akeypart of the
Alaska OCS leasing program. The results of these
studies are heavily used in assessments of effects of
hypothetical oil spills presented in environmental
impact statements. Oil spill fate investigations have
delved into the physical and chemical transforma-
tions of crude oil with time, its transport and dis-
persion by ocean currents, winds, and tides, and its
interactions with ice and coastal beaches. The results

condi-



of these studies have been incorporated into several
progressively more refined. linked models that are
used as predictive tools by MMS for assessments em-
ploying a suite of spill scenarios and launch points.
The most recent refinement of the system was the
development of a model linking a pelagic spill trans-
port model to the beach-the coastal oil smear model.
The field evaluation of the smear model in the
North Aleutian Basin, described at the Information
Update Meeting. is summarized in this report.

In certain circumstances, the effects of spilled oil
on biota mav be mitigated through use of dispersants.

Introduction 5

An example of such an application would be the dis-
persal of an o1l slick approaching a seabird colony.
To be effective, however. dispersant use must be
timely because degradation processes acting on oil
decrease the effectiveness of the dispersant. The Alaska
Regional Response Team has developed guidelines
for dispersant use in selected areas to facilitate quick
decisions. The developmentof the guidelines for
Prince William Sound and those proposed for lower
Cook Inlet was described in the final presentation at
the Information Update Meeting. a summary of
which concludes the bodv of this document.






Chapter 2

Fish Use of Inshore Habitats Along the
North Side of the Alaska Peninsula

JonatHax P. HougHTON and Jon~ S. Isakson™

Pacific Environmental Technologies, Inc., I 70 West Dayton Street, Edmonds, Washington 98020

2.1 INTRODUCTION

Anticipation of oil and gas lease sales established
a need for a greater understanding of the interrela-
tionships of various components of the rich marine
ecosystem of the eastern Bering Sea. The Outer
Continental Shelf Environmental Assessment Pro-
gram (OCSEAP) sponsored studies of many of these
ecosystem components and identified a need for a
greater understanding of the importance of the
nearshore zone and embayments along the north
side of the Alaska Peninsula for demersal and
pelagic fish,

This research was designed to describe the species
composition and abundance of demersal and pelagic
fish assemblages in poorly studied nearshore. inter-
tidal. and estuarine habitats of the North Aleutian
Shelf (NAS) area. The 2-yearswdy (Research L-nit
639) was conducted by Dames & Moore in associa-
tion with the Fisheries Research Institute (FRI),
University of Washington (Isakson et al. 1986). A
companion study (RU 638) explored the trophic
relationships and processes of the nearshore eco-
svstern in the southern part of our study area. from
Cape Seniavin to Cape Mordvinof (Truett1987).

2.2 METHODS

The general approach of this study was to allocate
the limited resources of sampling effort and time to
maximize the collection of new information on the
movement and abundance of commercially signifi-
cant finfish in inshore habitats that are considered to
be most vulnerable to perturbation from oil and gas
development. The studv area extended from False
Pass to Ugashik Bay in waters to about 30 m deep. It
encompassed three estuaries (Ugashik Bav, Port

In memortum

Heiden, and Port Moller) and a coastal lagoon
(Izembek Lagoon), as well as exposed coastal and
inshore habitats (Fig. 2.1).

In 1984, sampling was focused at depth-stratified
stations (5, 10, 20, and 30 m) on six transects spaced
throughout the study area to include three with
associated embayments and three from exposed
beaches. Depending on station characteristics. each
was sampled by one or more of the following gear
types: purse seine or tow net (targeting pelagic
species); otter trawl and beam trawl (targeting
demersal fish): beach seine (targeting littoral fish
assemblages).

In 1985,0nly transects off of Ugashik, Port
Heiden, Port Moller. and Izembek Lagoon were
sampled, A new station was added at all transects
and the three stations farthest offshore were strati-
fied by distance offshore (8, 16.and 24 km; in con-
trast to the depth-stratified approach of 1984). To
place more emphasis on pelagic species, only the
beach seine, purse seine, and a new gear type (small
purse seine) were used in 1985.

Three sampling cruises were undertaken in 1984
(late June to mid-July. late July to mid-August, late
August to mid-September), In 1985, one 6-week
cruise occurred from mid-June to the end of July. A
total of 277 sets of all gear types was made in 1984,
and 172 sets were made in 1985. All fish captured
were either processed on board or preserved for later
analysis.

2.3 RESULTS

Weather and surface sea temperatures were strik-
ingly different in 1984 and 1985. During the three
cruises in 1984, generally poor to harsh weather was
experienced. while during the single extended cruise
in 1985. the weather was generally much calmer. Sea
surface temperatures for similar areas and times of
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year were from 1 to 2 °C colder in 1985 than in 1984.
Salinities were quite similar between the two years.

2.3.1 Demersal Fish

Demersal fish communities were dominated. in
descending order of abundance. by vellowtin sole
(Limanda aspera), Pacific cod (Gadus macrocephalus),
rock sole (Lepidopsetta bilineata). Pacific sand lance
(Ammodyies hexapterus), whitespotted greenling (Hexa-
grammos stellerr ), and Alaska plaice (Pleuronectes quadr-
tuberculatus: Table 2.1). These species dominants
correspond to those reported totypify the demersal
fish community of the middle Bering Shelf subarea
closest to our study area (Walters and McPhail 1982,
reported in Craig 1987) except that walleve pollock
( Theragra chalcogramma) was not a dominant species
in our area and sand lance and whitespotted green-
ling were not reported in abundance in the more off-
shore trawls. Yellowfin sole were widely distributed
in the North Aleutian Shelf study area, as they are
throughout the eastern Bering Sea. They showed no
apparent trends except for lower catches (numbers)
in [zembek Lagoon compared to Port Moller and a
steady overall decline in catch through the sampling
period (June-September 1984). Rock sole likewise
showed little geographic pattern but had a generally
declining capture rate (numbers) over the sampling
period.

Otter trawl catches (mean fish weight per trawl)
displayed no clear north-south or onshore-offshore
trends. However, length-frequency plots from the
catches of several species (Isakson et al. 1986) demon-
strated patterns of recruitment. growth, and seasonal
movement between habitats which correspond to the
generalized patterns of spring onshore movement
and recruitment suggested by Craig (1987).

2.3.2 Pelagic Forage Fish

Byv far the most dominant species present in the
North Aleutian Shelf was Pacific sand lance. which
comprised 62.5% of all fish taken (Table 2.1). Sand
lance was the most abundant species in nearshore
habitats, the second most abundant (to Pacific codj
in the offshore pelagic habitat. and fourth in the
demersal habitat. In the earlier 19853 sanipling, sand
lance appeared to be less abundant in the nearshore
habitats of the study area. vet they still were the
numerical dominant in beach seine catches and the
second most abundant species (to juvenile sockeye
salmon. Oncorhynchus nerka) in the offshore pelagic
habitat (Table 2.2). Densities appeared to be greatest
in the inshore waters (inside the 6-m isobath). In

large purse seines there was also a general trend
toward increased catches nearer shore. Sand lance
were widely yet irregularly distributed throughout
the study area, with significant concentrations in
and outside of Port Moller and in Izembek Lagoon.
Sand lance seemed to prefer relatively flat beaches.
They were less abundant on inner bay (Ugashik and
Port Heiden) transects. These results seem to con-
firm this species” role as one of, if not the most, im-
portant forage fish in this part of the Bering Sea
(e.g.. Thomson 1987).

Several size classes of sand lance were evident in
catches in 1984, with the smallest cohort recruiting
to the beach seine in early August (Houghton 1987).
Progressively larger fish were taken in more offshore
gear. but this pattern may have been partially a
result of gear selectivity.

The second most abundant pelagic nonsalmonid
species in both 1984 and 1985 catches wastherainbow
smelt (Osmerus mordax). Like the sand lance. rain-
bow smelt were most abundant in nearshore gear.
Catch distribution wasvery patchy with respect to
beach slope. substrate, and exposure. In contrast to
sand lance. the highest catches were taken on the in-
ner bav transects (inside Ugashik and Port Heiden).
Several year-classes were present, with smaller fish
more common in the littoral habitats.

The third most abundant fish taken in the pelagic
habitat in 1984 was Pacific cod. which was also sec-
ond in the demersal habitat. While often not consid-
ered to be a forage fish. per se. this species, by virtue
of its abundance and distribution, is a significant
food resource for higher trophic levels in the near-
shore study area, Increasing numbers were taken in
late summer of 1984. Pacific cod probably occupy a
trophic niche in the NAS similar to that of walleve
pollock in more offshore areas (e. g., Frost and Low-y
1987. Sanger1987). In the earlier 1985 sampling,
few cod were captured. Whitespotted greenling,
Pacific herrring ( Clupea harengus pallas?), and walleve
pollock rounded out the most abundant nonsalmon-
ids encountered in the pelagic habitat in 1984.

Pacific herring were taken in small numbers in all
three gear tvpes fished in 1983 however, it is likely
that in neither vear was sampling conducted early
enough to cover periods of peak adult herring abun-
dances in the study area. Recruitment of small her-
ring (37-55 mm) to tow net catches in Port Moller
late in 1984 suggested local rearing of herring from
spring spawning in Port Moller. Only small numbers
of capelin (Mallotus villosus) and pond smelt (Hypo-
mesus olidus) were taken in these studies. primarily
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Table 2. | —Total fish catch by species, North Aleutian Shelf, 1984.*

Purse Beach 20x9 Otter Beam Total

Species or group seine seine townet trawl trawl (all gears)
Alaska plaice 1 54 (8) 8 460 (6) 5 520 (9)
Arctic cod 1 0 1 0 2
Arctic flounder 0 7 3 0 0 10
Arctic lamprey 9 0 4 0 0 13
Bering poacher 2 19 0 357 (7) 2 380
Brightbelly sculpin 0 0 0 5 0 5
Butter sole 0 0 0 20 0 20
Capelin 0 1 0 0 0 1
Chinook salmon juvenile 21 2 3 0 0 26
Chum salmon adult 30 17 0 0 0 47
Chum salmon juvenile 288 (6) 22 32 (4) 0 0 342
Coho salmon adult 0 ! 0 0 0 1
Coho salmon juvenile 195 (8) 27 0 0 0 222
Crescent gunnel 7 0 0 12 1 20
Crested sculpin 10 | 1 ! 0 13
Dolly Varden adult 2 4 0 0 0 6
Eulachon 0 13 0 9 0 22
Flathead sole 0 0 1 4 0 5
Great sculpin 0 1 0 1 0 2
Kelp greenling 0 1 0 6 0 7
Liparis sp. 0 0 1 5 0 6
Longhead dab 0 2 0 164 1 167
Ninespine sticklebacks 19 3 24 (6) 0 46
Pacific cod 3,007 (1) 83 (6) 4 3,66: (2) 1 6,761 (4)
Pacific halibut 0 1 0 64 1 66
Pacific herring 4 3 742 (3) ! 0 750 (7)
Pacific sandfish 292 (5) 5 28 (5) 44 0 369
Pacific sand lance 1,102 (2) 33,177 (1) 20,043 (1) 954 (4) 0 55,277 (1)
Padded sculpin 0 0 0 3 0 3
Pink salmon adult 6 0 0 0 0 6
Pink salmon juvenile 5 0 0 0 0 5
Plain sculpin 0 4 1 2 0 7
Pleuronectidae 2 0 1 0 0 3
Pond smelt 0 27 0 0 27
Rainbow smelt 34 949 (2) 7,02: (2) 285 (10) 5 8,292 (3)
Ribbed sculpin 0 0 0 11 0 11
Rock sole 5 29 0 1,487 (3) 26 (3) 1,546 (6)
Sail fin sculpin 0 0 0 2 0 2
Sculpin D 0 3 0 5 0 8
Silverspotted sculpin 6 0 0 2 0 8
Snake prickleback 3 4 5 (9) 356 (8) 40 (2) 408 (lo)
Sockeye salmon adult 87 (10) 1 0 0 0 88
Sockeye salmon juvenile 262 (7) 33 (lo) 8 0 0 303
Staghorn sculpin 0 159 54; 0 40 0 199
Starry flounder 5 106 (5 15 (8) 77 2 205
Sturgeon poacher 1 1 0 39 0 41
Surf smelt 1 216 (3) 0 1 0 218
Threaded sculpin 0 7 0 318 (9) 7 332
Threespine sticklebacks 3 4 0 0 0 7
Tidepool sculpin 0 0 0 ! 0 !
Tubenose poacher 0 14 ! 174 3 192
Unidentified cods 163 (9) 0 0 0 0 163
Unidentified smelt 31 14 15 (8) 2 0 62
Walleye pollock 557 (4) 0 0 31 0 588 (8)
Whitespotted greenling 1,090 (3) '35 (9) 7 (lo) 615 (5) 3 1,750 (5)
Wolf eel 6 0 0 0 6
Yellowlin sole 19 74 (7) 20 (7) 8,657 (1) 79 (1) 8,849 (2)
Total 7,276 35,122 27,979 17,882 177 88,436
All juvenile salmonids 771 84 43 0 0 898
Number of hauls 71 47 40 117 2 277

* Numbers in parentheses represent ranking of catches
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Table 2,2—Total fish catch by species. North Aleutian Shelf. 1985.*

Small Purse Beach Total
Species or group seine seine seine (all gears)
Alaska plaice 0 0 52 32
Arctic flounder 0 0 84 94
Arctic lampreyv 2 7 0 9
Capelin 3 106 0 109
Chinook salmon juvenile 2 ? 2 6
Chum salmon adult 0 23 7 25
Chum salmon juvenile 758 (2) 403 (3) 3.970 (2) 5.131(3)
Coho salmon juvenile 52 178 (3) 62 291 (8)
Dolly Varden adult 0 7 2 9
Dollv Varden juvenile 0 10 0 40
Great sculpin 0 ! 3 4
Ninespine sticklebacks 0 0 ” J
Pacific cod 0 10 2 12
Pacific herring 15 27 13 33
Pacific sandfish ! 81 () 82
Pacific sand lance 336 (4) 1,006 (2) 8.308 (11 9.630 (1)
Pink salmon adult 0 4 0 4
Pink salmon juvenile 113 (3) B} 832 (4) 932 (3)
Pond smelt 0 0 96 96
Rainbow smelt 700 (3) 13 2,033 (3 2.746 (4)
Rock sole 0 0 13 13
Saddleback gunnel 0 0 3 3
Snake prickleback ! 0 77 78
Sockeve salmon adult 0 386 (4) 0 386 (7)
Sockeve salmon juvenile 738(1) 8,498 (1) 3 9.241 (2)
Staghorn sculpin 2 1 49 52
Starry flounder 0 6 610 (3) 616 (6)
Sturgeon poacher 0 1 3 4
Threaded sculpin 0 0 1 !
Threespine stickleback 2 3 3 38
Unidentified cod 0 () 4 4
Unidentified greenling 0 ( !
Unidentified sculpin 0 0 1
Unidentified smelt 0 b 0 6
Walleye pollock 0 15 2 17
Whitespotted greenling 4 121 3 128 (9)
Yellowfin sole 0 7 20 27
Total 2.732 10.988 16.266 £9. 986

*Numbers in parentheses represent ranking r)t'catches.

near shore and on the northern transects. Reported
large spawning populations of capelin in the area
(Barton et al. 1977) were apparently missed by our
sampling.

2.3.3 Salmon

1984—Cruises 1, 2, and 3.—Despite the fact that
over half of the 1984 effort (158 of 277 sets; Table 2.1)
was With gear types selected to catch juvenile salmon,
this group represented only about 1% of all fish cap-
tured. The average catch of juvenile salmon in purse
seines wasonly 8.21/set. Catches were verv patchy

and the conclusions regarding catch patterns are
correspondingly weak. During Cruise 1 (late June to
mid-July), the purse seine catch of salmon (8.60/set)
was dominated numerically by coho (Oncorhynchus
kisutch)(78% ; primarily because of one large catch
otf Port Heiden), followed by sockeye (23'%) and
chum (O. keta: Fig-. 2.2). The Cruise 2 (late July to
mid-August) purse seine catch (9.86/set) was domi-
nated bv sockeye (34%)and chum (34% ). Juvenile
coho and chinook (O. tschawyisha) were also com-
mon: pink salmon juveniles (O. gorbuscha) were onlv
taken during Cruise 2. The purse seine catch rate
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Figure 2.2 — Purse seine catch of juvenile salmon by cruise, all transects and stations
combined, 1984.

during Cruise 3 (5.82/set) was substantially lower
than during Cruise 2, despite one very large catch of
chum salmon juveniles.

During Cruise 2, when the most complete purse
seining coverage was achieved (three stations on
each of five transects), there was a steady increase in
the numbers of sockeye and total juvenile salmon
with distance offshore. The overall purse seine catch
rate (all species and stations combined) generally
declined with distance down the Alaska Peninsula.

Our low catch rate for juvenile salmon in 1984
(compared to that of earlier studies; e.g., Straty
1974, Hartt and Dell 1978) was attributed to smaller
seine size and to our late start which likely missed
peak sockeye migrations. Calculations of the loca-
tion of the migrations from various river systems at
probable speeds of ocean migration indicated that
the majority would not have been in the study area
at the time of sampling (Isakson et al. 1986). It was
also thought that our catch rates (e. g., Cruise 2

purse seine results) might reflect less preference for
shoreline areas (which are extremely dynamic in the
Bering Sea) than is the case for other areas (e.g.,
Simenstad et al. 1982).

| 985—Cruises 4a and 4b.—Systematic coverage
of the study area from mid-June through July 1985
revealed that large numbers of juvenile salmon sea-
sonally occupy the nearshore waters of the North
Aleutian Shelf. A total of 15,619 juvenile salmon was
caught in 97 large purse seine sets, 34 small seine sets,
and 41 beach seine sets (Table 2.2). Approximately
59 % were sockeye, 331% were chum, 6% were pink,
2920 were coho, and <0.1 % were chinook.

Strong trends in relative abundance were apparent
in the sockeye catch data. High mean purse seine
CPUEs (88.5 fish/set in the large seine and 22.4
fish/set in the small seine) compared to those for the
beach seine (0.1) describe a coastal distribution for
sockeye with relatively little use of littoral habitats
(Fig. 2.3). Purse seine CPUE declined with distance
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Figure 2.3 —Juvenile salmon mean catch by gear type.1985.

down the Alaska Peninsula. distance offshore. and
time (Fig. 2.4 ). Comparatively larger catches of sock-
eve juveniles at inner bav transects (off Ugashik and
Port Heiden j suggested a migration corridor less
than about 15 nmi wide. whereas smaller catches at
outer bayv transects indicated that the migrating fish
had either dispersed or were displaced offshore be-
tween Port Heiden and Izembek Lagoon,

A series of paired purse seine sets indicated that
sockeve catches were g-eater when the set was made
facing toward Bristol Bay (northeast] than awav
(southwest), and on ebb tides than flood. This sug-
gests a constant orientation of the juveniles. and per-
haps a movement offshore on ebb tides and onshore
during flood tides.

Small numbers of juvenile coho salmon were taken
routinely, but not consistently, at all locations in 1983.
The mean CPUE for the survev (all gears combined)
was 1.7 fish/set. Abundance generally increased over
time and with distance out of Bristol Bay. Coho were
rare 01- absent in beach seine and small seine catches
at Ugashik and Port Heiden at all times. but were

common in all gears and at all times at Port Moller.
suggesting that this is an important secondarv rear-
ing area for juvenile coho salmon.

Juvenile chum salmon were present only in inter-
tidal habitats inside Port Moller during the first half
of the 19835 survey period (16 June-7 July), but be-
came relatively abundant throughout the study area
in the second half (8-28 Julv; Fig. 2.5). The mean
CPUE for chum salmon was 30.5 fish/set (all gears
combined), although much of this was due to a single
beach seine catch of nearly 3.300 fish. A shift from
intertidal to subtidal and offshore habitats wasev-i-
dent from changes in the CPUE of each gear tvpe
over time. The pattern of habitat use in Port Moller
clearly shows this estuary to be a seasonally impor-
tant nursery area for local chum salmon stocks.

Pink salmon were not widely distributed in the
study area in 1983. The mean CPUE for this species
was 5.7 fish/set (all gears combined). Juvenile pink
salmon were taken only at Port Moller and Ugashik
on the last days of the survey. The low incidence of
migrating juvenile pink salmon in purse seine catches
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probably was due to the termination of sampling
early in summer before Bristol Bay pinks had arrived
in the study area.

Only six juvenile chinook were taken by all gears
during the 1985 survey. Four of the six were taken
near Ugashik Bay, which is known to support a run
of adults. It is possible that juvenile chinook migrated
out of the study area earlier, perhaps at depths inac-
cessible. to the purse seine, so that small catches do
not accurately reflect the relative abundance of this
species along the north side of the Alaska Peninsula.

Statistical evaluation of differences in fish growth
by analysis of scale patterns was used to attempt to
distinguish individual stocks from mixed stock sam-
ples from the Ugashik and Port Heiden transects. A
linear discriminant function analysis of scale mea-
surement data revealed that differences in scale
growth patterns were not as distinct in 1985 as had
been expected: Ugashik, Naknek, and Wood River
scales were virtually indistinguishable. Poor reliabil-
ity of parent stock separation precluded any con-
clusive statements regarding stock composition of
catches at Ugashik and Port Heiden.

Adult salmon. —Adult salmon were not specific-
ally targeted in this survey. However, adult sockeye
salmon captured off Ugashik Bay on 20 June and 12
July 1985 were found to be aggressively feeding on
euphausiids. Evidence of feeding within the influence
of fresh water was unexpected, although the ultimate
destination of feeding fish could not be determined.

2.4 DISCUSSION

Virtually all of the 1985 sampling was completed
in water temperatures lower than those recorded at
the beginning of Cruise 1 in 1984. Thus, it is more
appropriate to view the results of 1984 sampling as
an extension of 1985 activities rather than to com-
pare results across years. The relative climatological
(and, presumably, biological) timing of 1984 and
1985 sampling periods was almost without overlap.
Therefore, the results of the 1985 survey should be
viewed as representative of conditions that may have
existed in 1984 prior to our sampling. Similarly, the
1984 results may represent biological patterns that
existed in 1985 after the termination of sampling.
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The results of the 1984 sampling raised some
doubts about the capabilities of' the gear to catch tish
and/or the importance of the nearshore zone to juve-
nile salmon. Alternativelv. the low catches could
have indicated that the sampling was begun after
peak periods of sockeve juvenile abundance in the
area. Since sampling began much earlier in 1985

relative to peak migratory activity of juvenile sock-
eve salmon. itconfirmed thatpeak abundances of
sockeye undoubtedly had occurred in the studv area
in 1984 prior to the start of survev activines Fur-
thermore, comparatively large catches of salmon in
1985 demonstrated that nearshore and estuarine
waters are verv important rearing and migration
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routes for juveniles, especially sockeye and chum.

The model of sockeye salmon migration proposed
by Straty (1974) is largely supported by our results,
to the extent that the surveys overlap. The intensive
inshore coverage in the 1985 sampling complemented
the intensive offshore sampling in the earlier survey.
Major trends in the migration patterns of juvenile
sockeye in 1984 and 1985 were nearly identical in
many cases to those documented by Straty; for ex-
ample, the strong shoreward bias of catches in the
northern part of our study area. This tended to
break down farther to the southwest wherein Cruise
2 catches increased with distance offshore. Chum
salmon were shown to be more shoreline oriented
than sockeye, coho, and chinook salmon early in
their marine residency but also move offshore with
size and as they move down the peninsula.

We would amend the Straty model only to point
out that the interannual variation in the factors in-
fluencing the time/space patterns of migration can
be quite pronounced; thus they may substantially
modify details of the general migration patterns
concluded from a short-term (1- or 2-year) survey.

Coastal embayments adjacent to the North Aleu-
tian Shelf were shown to be highly important season-
ally for juvenile chum, pink, and coho salmon. Data
for chinook salmon are inconclusive on this point,
but we know that locally important runs of adults
return to both the Nushagak and Ugashik systems.
Port Moller supports impressive numbers ofjuvenile
salmon, especially pinks and chums, and appears to
be more important in this respect than other embay-
ments along the north side of the Alaska Peninsula.
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Chapter 3

Relationships of Growth and Survival
of Pacific Herring to Environmental Factors

MicHAaeL D. McGURK

Triton Environmental Consultants Limited,
205-2250 Boundary Road, Burnaby, B. C., Canada V5A .3Z3

3.1 INTRODUCTION

Stocks of Pacific herring. Clupea harengus pallasz. in
Alaska have fluctuated considerably in size due to
exploitation and to variation in recruitment (Reid
1971: Fried and Wespestad 1985). Environmental
factors are presumed to be the ultimate causes of
variation in recruitment. The question of how
closely the recruitment of Alaska herring and
environmental factors are related is important
because the development of the oil and gas reserves
on Alaska’s continental shelf has the potential to
reduce the quality of inshore habitat. thereby
reducing herring recruitment or at least increasing
its variability. Pacific herring are expected to be
vulnerable to changes in inshore habitat because
they spawn in the intertidal zone and their larvae
and juveniles feed and grow in estuaries and
embayments.

This study was designed to identify the biological
factors that are responsible for vanations in the
survival of herring larvae. The primary objective
was to measure the relationships between growth
and survival of herring larvae in Auke Bay, Alaska.
and environmental factors. particularly the concen-
trations of prey. the concentrations of predators. and
water temperature.

3.2 STUDY AREA

Auke Bay (38°22° N 1347 40" W) is a small bay of
11 km- located 20 km north of Juneau (Fig. 3.1). It
is part of” the home range of the Lvnn Canal -Auke
Bav herring stock. one of five separate stocks in
southeast Alaska(Carlson1980). The water column
in Auke Bay is unstratified from \-o\-ember to
March. Stratification begins in April and is com-
plete by July. Surface temperatures rise from 3-5°C

in March to 14°Cin July; surface salinities fall from
31 ppt to 10-15 ppt. The pycnocline is at 20 m;
temperatures and salinities below this depth average
4-5°C and 31 ppt. respectively (Shirley and Covle
1986). During summer the upper water layer of the
bayv moves in a counterclockwise gyre; water flows
into the bay along the eastern shore between Spuhn
Island and the Mendenhall Peninsula and exits
between Coghlan and Spuhn islands.

3.3 MATERIALS AND METHODS

Five stations were sampled every 3-7 days from
15May to 27 July 1988. At each station, three tows
were made with a 3-m-long bongo net in a double
oblique pattern from the surface to 30 m and back
(Fig.3.2). The first two tows collected herring larvae
using a 333- or 305-p m-diameter mesh and the third
tow collected zooplanktonusing a 165-pm-diameter
mesh.

Herring larvae from the first tow were preserved
in 3 % seawater formal in and then counted and
measured for length. dry weight, and morphometry.
These data were used to calculate age-specific rates
of total mortality. population rates of growth in
length and weight, and condition factor (McGurk
1983). Condition factor was used to estimate the rate
of mortality of herring larvae due to starvation,
using the assumption that all starving larvae died
within 6.5 davs of entering that category,

Larvae from the second tow were stored in 37 %
isopropyl alcohol in order to preserve the twosagit -
tal otoliths. Thev were then counted. measured for
length. and measured for the radii of each otolith,
the number of rings in each otolith. and the width of
the outermost ring with an optical pattern recogni-
tion system (Biosonics Ltd.). These data were used
to calculate specific growth rates.
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Each sample of zooplankton was preserved in 5 %
seawater formalin, then split several times into
subsamples, one of which was completely identified
and enumerated. A prey field of 19 components,
consisting of copepod nauplii, copepodites and
adults, cladocerans, mollusc veligers, polychaete
trochophores, and small fish eggs, was identified
from the zooplankton samples. Identification of the
prey species was based on studies of the diet of
herring larvae in southern British Columbia waters
and on relationships between prey width and
herring length reported by Checkley (1982) for
Atlantic herring larvae, Clupea harengus harengus. A
separate prey field was assigned to each length class
of herring larvae (divided by 3-mm increments) to
account for changes in diet with size and age.
Densities (number/m?) of each component of the
prey field were converted to prey concentration (mg
dry weight/m?®) using weight-length equations
taken from the literature.

Densities of copepod nauplii, which were not
accurately measured by the 165-pm-mesh samples,
were estimated from 30-liter water bottle samples
passed through 24-um-mesh bag nets. These bottle
samples were collected weekly at 5-m depth intervals
from O to 30 m at three stations in Auke Bay by
personnel from the APPRISE (Association of
Primary Production and Recruitment in a Subarctic
Ecosystem) project. Temperature and salinity data
were taken from measurements made at ABM
station by APPRISE personnel.

Three classes of predators were identified from
the macrozooplankton samples: gelatinous preda-
tors, including 10 species of jellyfish; semigelatinous
predators, including the chaetognath Sagiita elegans;,
and crustacean predators, including hyperiid amphi-
pods of the genus Parathemisto. Densities of these
three classes were converted to concentrations using
weight-length equations taken from the literature.

Growth curves were extended to the early juvenile
period by measuring lengths of juvenile herring
captured with dipnets off the docks at the head of
Auke Bay in late August.

3.4 RESULTS

Five cohorts of herring larvae were identified
from modes in the length-frequencies of the
formalin and alcohol samples. They hatched in or
near Auke Bay at an average interval of one every
18 days from 18 April to 30 June. Five cohorts per

season are not uncommon in Atlantic herring, and
a spacing of 18 days falls within the range of 17-19
days reported for Atlantic and Pacific herring.

Growth curves constructed from length-frequency
analysis showed that the first four cohorts grew at an
average rate of 0.31 mm/d from hatch to the early
juvenile stage (Fig. 3.3).

Regressions of the number of rings in the sagittal
otoliths against date of capture showed that rings
were not deposited at daily rates, but at average
rates of 0.91, 0.75, and 0.84/d for cohorts 1, 2, and 3,
respectively (Fig. 3.4). Only the rate for cohort 2 was
significantly (p < 0.05) lower than I/d. Therefore,
otolith age was calculated as the mean number of
rings divided by the cohort-specific slope of the
regression of ring number on date. Average rates of
growth of otolith-aged larvae were 0.37,0.33, 0.34,
and 0.50 mm/d for cohorts 1, 2, 3, and 4, respective-
ly (Fig. 3.5), None of the rates within the two sets of
population growth rates are significantly different
from each other, and all fall within the range
reported for other natural populations of Pacific and
Atlantic herring larvae.

Specific growth rates (G,,, % dry weight/d) of
individual herring larvae were calculated from the
width of the outermost ring of the sagittal otoliths
using a fish length-otolith radius regression and a
weight-length regression (Fig. 3.6). The G,, ranged
from 2.8 to 22.5 % per day and was correlated only
with length of the larvae: it was low at hatch, peaked
at a length of 20.1 mm (or an age of 38 days, assum-
ing that length at hatch is 8.8 mm and growth is
0.3 mm/d), and declined in larger larvae (Fig. 3.7).
A similar result was reported by Oiestad (1983, cited
by Kiorboe and Munk 1986) for Atlantic herring
larvae reared in large enclosures and fed on natural
zooplankton.

The absence of measurable relationships between
G,, and prey concentration, and between G,, and
temperature, was due to a lack of contrast in the
environmental data. Average temperatures of the
upper 20 m of the water column fell within a narrow
range of 7.2-8.2°C. Mean prey concentrations
ranged from 20.1 to 171 mg dry weight/m®, but
Kiorboe and Munk’s (1986) feeding experiments
with Atlantic herring larvae reared in laboratory
aquaria on copepod nauplil indicate that this is the
prey range over which G,, begins to slowly ap-
proach an asymptote (Fig. 3.8).

In order to compare the G,, of Auke Bay herring
with the predictions of the regression model reported
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larvae of cohorts 1, 2, and 3 as a function of their date of capture. Lines are
linear predictive regressions of ring number on date.
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Figure 3.5—Growth in length of cohorts 1 to 4
based on the mean number of rings in the sagittal
otoliths, where age (t, d) = number of rings/aver-
age number of rings deposited in 1 day. Average
growth rates, G, are shown. Curves are linear or
Gompertz growth models:

Cohort1: L =

9.3exp ((0.049/0.039) (1-exp (- 0.0391))).

Cohort 2: L =

8.6exp ((0.048/0.037) (1-exp (- 0.037¢))).
Cohort 3: L =

8.4exp ((0.064/0.056) (1-exp (- 0.0561))).
Cohort4: L =

7.9 + 0.50t.
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by Kiorboe and Munk (1986), G,, was adjusted to
that of a 13-mm-long larva (their model was devel-
oped from 1- to 3-week-old herring larvae with an
average length of about 13 mm). Auke Bay herring
larvae had an average G,, that was 2 %/d higher
than the average G, predicted by the model, which
suggests that Auke Bay herring larvae were feeding
on patches of prey of higher concentration than was
measured by towed plankton nets. This observation

does not invalidate Kiorboe and Munk’s (1986)
model. Rather, this study supports the application of
their model to natural environments. Scaling the in-
tercept of their equation by the regression of G, on
length measured for Auke Bay herring larvae leads
to an equation for critical prey concentration—i. e.,
concentration at which G,, <0 mg/m’(Fig. 3.9).
This equation predicts a Cei; of 18.3 mg/m? for
newly hatched herring larvae 9 mm long, which is
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Figure 3.7—Specific growth rate (G.,,% dry weight/d) of herring larvae as a function
of length (L, mm).

lower than 96 % of the mean prey concentrations
measured in Auke Bay.

The fitness of herring larvae, as defined by a
morphometric condition factor, CF, increased with
increasing mean prey concentration, C (mg dry
weight/m?®), according to the regression equation:
CF = 2.269 - 0.867InC. This equation predicted
that fitness would fall below the level of starvation
(CF = O) at a critical mean prey concentration of
13.7 mg/m®. The relatively close agreement in C_;,
between two different methods strongly supports the
conclusion that prey concentrations, growth rates,
and fitness of herring in Auke Bay were high in the
spring and summer of 1988.

All estimates of mortality of herring larvae
presented here are based on the assumption that
Auke Bay is a retention area for herring larvae that
hatch into it, and that losses due to advection and
diffusion are negligible. This assumption was based
on a graphical examination of the movements of the

centroids of the cohorts between sampling dates,
and on regression analysis of the change in spatial
variance of larval density with time. Both methods
indicated that there was no significant advection or
diffusion of herring larvae out of or into Auke Bay.
This argument is supported by the fact that the rates
of advection (0.2 km/d) and diffusion (0.1-0,2
km?/d) expected under the assumption of retention
are similar to the rates of advection (0.15 km/d) and
diffusion (0.08 and 0.48 km?/d) measured for
Pacific herring in the sheltered waters of Bamfield
Inlet, British Columbia, by McGurk (1989). The
mechanism of retention may be the counter-
clockwise gyre of surface currents that forms after
stratification of the water column.

Pareto-type population models: N(t) = Ny(t/ty) -b,
where N(t) = density/m’of larvae at age t (d),
Ny = density at age t;, and b = coefficient of mor-
tality, provided better fits to the density data of
cohorts 1 and 2 than did linear models (Fig. 3.10).
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Figure 3.8—Specific growth rate (G,,, % dry weight/d)as a function of mean prey concen-
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2.00 InC, that was developed from the growth of 1- to 3-week-old Atlantic herring larvae
reared in laboratory aquaria on a diet of copepod nauplii.

Estimates of mortality could not be calculated for
cohorts 3, 4, and 5. Total mortality (Z(t) = b/t per
day) of both cohorts was highest during the yolk sac
and first-feeding stage and fell rapidly with age (Fig.
3.11). Z(t) was higher in cohort 1 than in cohort 2,
but the average rate of mortality due to irreversible
starvation (M; (t) per day) was lower in cohort 1
than in cohort 2. Predation is presumably the cause
of all mortality not caused by starvation, and since
jellyfish made up more than9596 of the concentra-
tion of invertebrate predators in Auke Bay in 1988,
jellyfish are presumed to be the dominant inverte-
brate predators.

The magnitude of mortality due to jellyfish
predation was assessed using the results of enclosure
experiments of jellyfish predation on yolk-sac

capelin larvae, Mallotus villosus, that were recently
reported by de Lafontaine and Leggett (1988). This
study is the only one to date that has used enclosure
volumes large enough to avoid a container effect on
the predation mortality rates. The authors found
that the mortality, Z (per day), of capelin larvae
increased directly with the density, P (num-
ber/m3), of the jellyfish Aurelza aurita, according to
the regression equation: Z = 0.0014 + 0.1266P, and
that this relationship was independent of the initial
density of capelin larvae and of the presence of alter-
native prey. This equation was adjusted to take into
account the decreasing vulnerability of fish larvae to
jellyfish predation as the larvae grow in size, by
using the results of Bailey’'s (1984) study of the
effects of size of fish larvae on vulnerability. He
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Figure 3.9—Critical prey concentrations (mg dry weight/m*)at whichG,, = 0O as a
function of length of herring larvae.

reported that predation rate, Y (number of larvae
eaten per cross-sectional area of a medusa/h),
decreased with length, L (mm), of fish larvae
according to the regression equation: Y =
0.2397 exp(-0.1721L). Thus, Z was multiplied by
the ratio of the Y at length L to Y at the average
length of capelin larvae used in de Lafontaine and
Leggett’s (1988) experiments (L = 5.5 mm). The
predation mortalities predicted by this equation
from the concentrations of jellyfish in Auke Bay
(assuming 1 “*Aurelia’> = 0.384 g dry weight) and
the mean lengths at date of capture of herring larvae
in cohorts 1 and 2 exhibit trajectories that are
similar in shape to those of the total mortalities
measured from the population models, Predation
mortalities are als