FI NAL REPORT

NOAA- OCSEAP  Contract: 03-7-022-35140

) . Research Unit: 196 .
Principal Investigator: G.J. Divoky

BIRD USE OF COASTAL HABI TATS | N NORTON SOUND

By

Doug Wodby and George Divoky

Col | ege of the Atlantic
Bar Harbor, Mine 04609

April 30, 1982

353



ACKNOWLEDGEMENTS

We are thankful to the people of Norton Sound who granted us access
to their lands. Special t hanks to White Muntain Wagers for allowing our
intensive studies on the Fish River Delta. We are also grateful to the
people of Golovin for accepting us into their community, where we lived in

1981.
Henry Springer was of immense help; he provided us with his home in
1980 and shared his extensive knowledge of local birds. Weare likewise
grateful to Forence Doyle for alowing us to live in her Golovin home.

William Drury provided insights into bird distributions and appropriate
sampling schemes. Dave Norton of the OCSEAP Arctic Project Office
provided moral and other support during the course of the study. Dan
Brooks,then OCSEAP Arctic project Office logistics coordinator, frequently
assisted with equipment and field support needs.

Field assistants with the project were Steven Allison, John Blackham,
Sally Blackham, David (Jim) Blick, Steve Chance, John Drury, Mary Haudler,

and Ken Warheit.
of al the people who helped us, David Olson was most instrumental.

His skill in flying made our surveys safe and his knowledge of the coast
and hird concentrations simplified our wor k.

- 354



TABLE OF CONTENTS

LIST OF FIGURES. . . torscses asases suons?* 20 208 trunaees % eacsonssssncasare 9000 400 ssontsyyy,, 359

LIST OF TABLES e se0 ssv0 sc0ss 00 aavnionnn. »xxvns x5 ® susesso ssosoescesce 0000088, xixririin g x %3
LIST OF APPENDICES ***** o ceees ooereces 3T

l. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
W TH RESPECT T0 0CS O L AND GAS DEVELOPMENT ............. e

| | ) |NTRODUCT|ON 6. 0.00.  Sevesecsse €00 eea seess  seessoeraceneee oo 00s w:@
A. General Natureand SCOpe. ... ..ovvvoiie e S e NQ
B. Specific Objectives. . ..............oveeinn.. s swneee R j'z(
C. Relevance to OCS Development . ... . .. i sessenesssasees A0

1. CURRENT STATE OF KNOWLEDGE .. ... ... L e o, 7

|V STUDY AREA seseeere 96 4600008300100s sueoancasencnng o e 31/ 3
A. Physiography of Coastal SeCtions. .............covvviirnerestom o 374
B. Coastal Habitat Descriptions . . .. .....ooveeeee e 36
C. Wetlands of Norton Sound****=*............ o .o vecsssoases S

V. RATIONALE, SOURCES, AND METHODS OF DATA COLLECTED , 399
A, Ratlonale ........... I AT ossessasessuacs oe 0900 w 399

B SOum% AL e saenN0 " e e . LLILILLIIELL LLL Yy Y Y [,{Oq

CGMethodS. ... M e 401
VI. RESULTS, Part One;  Bird GroUPS=* . .. ...\t vvvi et ssnsssnsmronsnsrs 411
A, All Birds:  AnOVEIVIEW . ... *" 411

1. Relative Abundances of Eight Bird G oups: APPFO'
priate Census Techniques. . ... R A B |
LHabitaUse................... e R . wo 413

3. Seasonal Use., . »weee. e e T e e 416
4. Geographic Distribution . . .......... L R s 419

B. LOOnS-***O Oeﬂ( *0 *% % *eee , *% * k% k% % ceses ¢ T ,;_”:)
1' Habltal U%’ IIIIIIIIIIIIIIIIIIIIII e e . 425

2- %awnal U% L L LA AL L 0003640009900 gog YY) eesseanng 427

3. Geographic Distribution*. . ............... L M e 427
4. NeStiNgPhenology . . .. vovvvvevereeannen ™ L T

35s



TABLE OF CONTENTS (Continued)

Page

G Wafe!‘fOWI G90003Q0¢0T3AEILCABICIOTIL aesy ° ° .xf'f. 3‘.)

Il Habitat Use .o.ooo'uoonooooccoootocﬂonInooooeeooooooaelooeﬁcoooonabecaaoo 1','. 32
2; Se&son&l USB -caoqanuquwaunc-mnoswwnnﬂcooeloeancooeoonoo.oeooanoueaaz;,35
3¢ Geog!‘aphic Distributiﬁn !0000008000'0&GQOQOQOGGOOOQQOGIQOODOIIMOGOQI;35
4, Subsistence USE wecsovescscscs sosvosssosasssae 7h()

DO swans .ﬂU.Qﬁ'al.Q.ﬂﬂ..aﬂ',‘.'@e@".‘.‘.U0'.0".oﬂ.Qn'."5'5‘0.'0."Q’Q.'O‘.QOQ.OODDDDOOA4 3
10 Habitat Use °°'°.°00°00v0°.°’°ﬁ!.ﬁ.ﬂﬂ'ﬂﬁ@:ﬂﬂﬂlﬁe'-ﬂﬂﬂﬂ..5‘.“.5.0.‘05“"0’ /.'.4 3
2. Geogl'aphiC‘ Distributien oaodtoao»ootaﬂo"ulooo»looﬂ.eoscco..ncocooaaoooo443
3. SEaSonal Use VCENEBIBLRIERBOGOOD L] GQBG"....Q'°/+43

E. Geese 9008000002020 00000008232000000 3 od 9.005.!‘00.‘&01000.DB.O!O.‘IQ4 50
1. Canada Geese ...'ﬂ.l0000OOQOOOGOQQGOOCQQOGOO0.0.Q.O.GO0.000QQOOIGOOCOOOOO450

(a) Habitat Use CO0E0I008PL00DEITED0RNR00A0E00000R06Q0600008CGARLOCCERS 450

(b) Seasonal Use CCVOCOAGURO0EAI00000DO00VIUNESTIOEOORO0CR0326000020 452

(¢) Geographic Distribution ceeese . ascossaceses ;57

2. Brant G29E0eC3C0C0260OURR0OG20800 (-1 39T03Q8060000 1] 456

(a) Spring Migration ccecsesscsescccssssessoscssssssosscossasecses,56

(b) Late Summer Migration.sssscsseesssccensossascsssossacoss 460

3, Snow Geese seroscsasscoe ss00escessscerscessansasaasanss 4G50

4. Emperor Geese wescoes aseso cossasasensensassessase /(5]

(a) Spring GA0000B0O0DUTOSELPNORGT0OGRICOLIOIIROEECE0000050292R22083008D f‘\’b?

(b) Breeding PP HIIRO00TIITINALIABORODOENCOCUGUIBICCOOCESEOCOI0EIGVRORT0 40 2
(c) Late Summer 29820000 ROCHIRCHDRIGRADDGERNDOIIGOUETTIOOTOG20REQOES ;;_(’) N
5. White"Fl‘Oﬂted Geese 00aR00CELENRROREY000CCIeRAEOCE002000300066P00000 4() N

Fo DUCkS nnnnn 0080000000000 00C200000060300000008 oe 4_65

1. Relative ADUNAANCE sesosssssorssoseasssoassansosasassscssasesssessasna 4(55
20 H‘abitat Use ....'.00..llo!.DQD‘OOQ"O‘..OIWOEQB.O'1G..GQOOQOOD...OOOOBQDUO 4_()7
3" Se&sonal Use .'0.0lI!'.'GOOOQOIBaﬂ'ﬂBB.&QOQ.O..O.'&.O..GOOODECD.IOGQOOOOO 4”70
4, Geographic Distribution sescesssesesccescessascoscssssassasssasccesce 477
5» N%ting tholcgies E0UPGICSA0N0TGRENES00OP000900000058D6ADDARECIONI0CS 4_8_’3
6. Prairie Drought Populations cccesossssssesscessssacssssccsscnsanse /85

G. Sandhill Cr AN S s000a00a00000080006000060606986603060000050000644069080890380030¢ 489
1. Habitat USE ecn0e0000000a060006060000000000006960000008000600¢00000800000 489
2. Season&l USE ceccossacsacassoncococaenscesseessssscossasaseassasssansass 489
3. GEOgi‘aphiC DiStI‘ibUtiOﬂ $60008000000€0000G0C0000000800803000006346000 492
4. NeSting PhenOIOgy €80006000500003000004000200000080005000NEEE00000000 495

356



TABLE OF CONTENTS (Continued)

Page

HO  Shorebirds. ..om .o e, sosanensssesens 4R
1. RelativeAbundance . L Y RS
2. Common Wetland Breeders. . ... e oevasessnes 200

(a) Habitat USe ccosrcs ecoee o0 cocnes aase cesossoeren cesssocoes svesgees J U
(b) Seasonal Abundanc © 000000000000,,4,000000008800000 000000 71,)
(c) Geographic Distribution e oo 1
(d) Nesting Phenologies . . . ... .v v e 500
3. Uncommon Wetland Breeders. . ... 5%
A Upland Bresders. . ..o
5. 00CasIoNal BIRURIS . . ... 530
B MIgTANES . e T

Io JBegeI‘S B s AL PR s nnuunounuﬂ?‘
J. GU”S T T L R TTT TR AL AL L TYTTITT I :j ;4
1_ GlaLICOUS Gu”s . . UNeD GeROR Ree . esase T R .__**.__ ascesse < avoss 2 34

() Habitat Usesessrsioo veme svessonsnsosses, D34
(B)SEasoNA USB. ...\ 537
(e) Geographic Digtribution . .. ... 537
(d) NestingPhenology... ..., 5
() Food Habits sesessecessasnns, P <.
(f) Population Increese«- L vaos 9]
Zo ME\NGUH ............... L ] L N R R RN R e um:?»;
3. Sabine's Gu” T YT 2 T JROUOMN T L PP, A
4, Black-1 egged Kittiwake . ... ...ovoe et 540

K. Terns . N T P S X/
LATCHCTEIIS e wwiee 547

() Habitat Use. »es ... vvvvae e e ™ veosss 57

(b) Seasonal Use........... 0.......... ¥rk KEX ****** *** 547

E Geographic Distribution. ... 550

NeStING Phenclogy . .. ..o 550

LAl AN TENS . .ot I T R 1
% %l COI on stes (1] 800 0300 680 g50009 9908 90 000 144000000, coc*te 5 53
) Nesting Phenology ........................................ 554

L. Passerine.....« w— o WO o wnsssasnes 556
LHADB Use . ..o « 556
2. Seasond Use .. ... o T A 11
3. Geographic DIstribution . . ......ooooo e 58
4, NESINg Phenologies . . ..o vvv e e T S

M. Peregrine Faleonssesss . . . swseos ... B . i}

357



TABLE OF CONTENTS (Continued)
Page

VI' RESULTS, P&I‘t WO: Tl"OphiC Systems ooaooooooeovonocoeacooeo-aﬁ-oneaonoo 5(’4
A, PPOdUCﬁVItY Of Hab]tats 00900969000099880004969000060000090090e8 45000500000 I/
Bo Ene!‘gy Demaﬂds Of Bil‘dS 2000RSCIOATNPRR000O009ICR000CO0PE00RG0CIIRORDOCOS 3()_’)
C‘ Shorebird Food Habits 0RRCOBINDOTVCRR00PIPONICEERARAOILALO0O0BVODAVOE0IOROODO 56('

lo Wet Tl.lndl‘a FOOdS SORN08P00000300002000000008000089006000090000680608d09 r’()‘)
2. Littoral FOOdS PPODSOANIEENNOCROPIFOIRNEVNNOODI0000000AN2EERAACORIEHADRCD 574
3. Wet Tundra and Littoral Habitats Compared..esescsseceses 576
4, Stomach (jontents 200002200 0NEC0CE0E08000E3500NG00000000320000800060000 580
Do Dl.lck FOOd HabitS B0IRABEGLVPOE000II0000000000CRACN008000000ILONBITAEVEP00A0000 58()
1. Tundl'a Foods 00008000000 EE006800000000600000000600000080PR000TAN0000680G0 586
2. LittOral FOOdS P9IE0P0S00000GR000PNN000R0096009000009000UFORI0O0G06086080 590

Vl I . Dl $U88| ON OF RES[J LTS AND IMPAC’I‘S PR0000603000020Q080000Q00RD0G0000 591

A, Digtribution of Habitats. ........................ B ... 501
B. Habitat Use, Seasonal Abundance, and Geographie Distri-

bUt| On Of Bl rdS ................................................. 92 9960 gogpoene 5 95
C. Norton Sound Waterfowl Populations .. ............ccoviviiiiinin... 613

DO Major Wetlmds 6000050900000 RACRANO0UCBUNHOVEDARIENUO0C0CARARQI0GCCRAROOROOGCRS 615
E. Oil Development ImaCtS V8CQ0GC000RE00EHONNENOOEBHOE00PRHCE0R000003000000800 6]_6

VII IQ NEEDS FOR FIJR’IHER S’I‘IJDY VOPOONORPICVE0000GDERO0SCO90ENRITARRGUAEALCS0DOQ00DD 6?4
L I TERATU RE CI TED Dﬂ.Ol'!.O‘.O’..‘WIU!BO..C00“9.6.9..900‘.5.000..ODDU0.0.00."6.00@85"0‘0-:.n¢n()27

158



Iv.

VI.

LIST OF FIGURES

Page

STUDY AREA

1. Coastal SECtiONS = eeo  eecececeer sece  svens me . wr X5
SOURCES, METHODS . . .

2 LoGiiors Of Wl serel SIS o
RESULTS. Part One: Bird Groups
A, AU Birds

4, Relative abundance of eight bird groups with three sur-

veymethodS. ... 0008 1000000690000990 1pugaquane /|

5. Seasona abundance of GlauCOUS Gulls .«sescossscscesassassencanense /1,
6. Shoreline habitat use by all birds seen on shoreline
aerial surveys . eseeses eee sescssnennonees  qquensonennce 415
7. Habitat use by all blrdScensused on land surveys ........... /18
8. Seasonal abundance of all birds with three census
Methods esesess . ves ... sevecos . 900000880000008800 444055 / ()
9. Geographic distribution of all birds seen 0N shorellne
aerial surveySee e oo avosecess sessssananonsonss,g, /0]
10. Geographic dlstrlbutlon of all blrds on Wetlands censused
onwetland aerial SWveys ... sssssssnao )90
11. Geographic distribution of all birds censused on land
SUIVEYS sseooss . osonss . eoee O
B. Loons
12. Habitat use by Arctic andRed-throated Loons. ............ .. 426

13. Seasonal abundance of Arctic and Red-throated Loons 0-.428
14*  Geographic distribution of Arctic and Red-throated Loons ;22

15* Nesting phenologies of Arctic and Red-throated Loons . .. <78
C. Waterf owl

16. Relative abundance of waterfowl ... 43
17. Habitat use by waterfowl e eeo.. . o cooessss /3
18.  Seasona abundance of waterfowl . ....... ... .o 4y,
19. Maximum late summer densities of waterfowl on wetlands. 43L?
20.  June dengities of waterfowl «s. ... 4

359



LIST OF FIGURES (Continued)
Page

D. swans

21. Habitat use by SWHENS cooseccesnscsancecerossceoceesssosnsre0ss00c0066000e300 444
220 Nating phel’lology of swal.ls COCIONIUEILACTACIINIGQIDOLIRORORROONOCOE60000 446
23. Seasonal abundanCe of Swarls POQLICEPONANCCOOIVCR0AGTQ06QICH0EH0000T0ND 448
24, Seasonal asbundance of swans at the Fish River Delta,

Koyuk’ and Stebbim P¢0RRHISENEAIDGEOSAATANIVIIIPAINASLVOPVIDRANROOGADRGOOG 449

E. Geese

25_ Habitat lse by C&nad& Geeseconnuu-uoouuoaouoo'o_.ooe ..... 008 451

26. Seasonal abundance of Canada Geese ... 453

27. Migration routes of Canada Geese through Norton Sound
inlatesummer and fall ... ... o 455

28, Seasonal abundance of Brant . . ....... ... 457

29. Migration routes of Brant through Norton Sound in
spring and 1h late summer and fall ceccosecen seossassasassescassse 458

F. Ducks
30. Habitatusedbydueks.........oooiii 469
31. Habitatuse by divingducks. ... in
32. Seasonal abundance of Pintails, American Wig eon, and

Mauards B LT £ L L L w .., W L. .. LITTELLTT) Lo, toeer 472

33. Seasonal abundance of Green-winged Teal and Northern
Shovel &S . eea. . cevsssssae . . eoncoea  seaess cuoauooaeonn,"."",.,473

34. Seasonad abundance of divingdueks.. ... ... 474
35¢  Geographi c distribution ofducks..................... 478
36. Geographic distributionof diving dueks . . ........................ 480
37, Nedmgphemlogiesel ducks . . . ... iy
G. Cranes

38. Ha.bl tat use by CPANnes eevcasa 090008 DN00ANR0 060GTE0008E000008S09 40080 490
39. Seasonal abundance Of eranes. . sssscsescosssce . sssessss. . sssossasas 491
40. Geographic distribution of cranes in spring and late
sumer' 1980 o0 .. GEACULEGOREISENCHODNEOSIGCIIVAV0IVHO0SINILCOQIAIGT . GEEROOCED 493
41. Geographic distribution of eranes in Spring and late
Summe[" 1981 ... %000000¢ 080 _€9000 000250008068 000000  000000@80806000 494

42 . Migration routes of cranes in Norton Sound ................... 496

360



LIST OF FIGURES (Continued)

Page

H. Shorebirds

43* Habitat use by the eommon wetland shorebirds in June ee... 501
44, Habitat use by the common wetland shorebirds in July seese 503
45. Habitat use by the common wetland shorebirds in August.. 505
46, Habitat use by the common wetland shorebirds at Koyuk

in Julyn ,,,,,, B L e e e e 200006019300 506
47. Habitat use by the common wetland shorebirds at Koyuk
1n Augug . 000000 00080 0000090 o0€bR0000 V0D S9000A000002000¢ Gpu0ONESD
48, Seasona abundance of the common wetland shorebirds on
tundrahabitatSe . . ... e e e 511
49. Seasona abundance of the common wetland shorebirds on
shoreline habit@tSesse. ssec  cossens  oseoe . ese0e oge 512

50. Nesting phenologies of the common wetlands shorebirds . . . 523

51. Brlstle-thlghed Curlew e . oo ... weose . soscessecace ssessas 928

52.  Seasondl abundance of uplend Shorebirds . . . . .. 528

J. Gulls

53, Habitat use by Glaucous GullS. ... ... 536

54. Seasonal abundance of Glaucous GUHS. . ............. ... .. ... ... 538

55. Geographic distribution of GlaucousGulls . . ..................... 539

56. Nesting phenology of Glaucous gulls on Norton sound
WEHANS . . 540

K. Terns

57. Habitat use Dy ArCliC TEIMS. .. oo 548

58. Seasona abundance oOf ArCtiC TernSeees . esees. . ccoss eoos D49

59. Geographic distribution of Arctic Terns on Norton Sound

wetlands................ P e 551
60. Nesting phenology Of ArCtic TernS. ...t 552
61. Nesting phenology of Aleutian Terns ... .. .. 555

L. Passerine

62. Habital USE by PaSSENINE . .. .o\ttt e 557
63. Seasonal abundance of passerine. . ... 559
64. Geographic distribution of passerine on Norton Sound
WeﬂandS ........ 0 s 80e . ese 000 . 06308 geo0ecs0s8008a0eN 560
65. Nesting phenologies of Savannah Sparrows and Lapland
Lonspurs . ®ocseee L1 L €3000000820000000  FECOREICOBE0000 g, 562

361



Vi

Yii.

LIST OF FIGURES (Continued)

Page

RESULTS, Pert Two: Trophies

66.

67,
68.

69.
70,
71.
72,
73,
74,
75.

Common insect larvae eaten by shorebirds in Norton
SOund TEGO000NEBOL00000000RHERS
Life cycle of mldges in Norton SOUN ssossssssessesessrsssosenssess
Seasonal sbundance of midges and consumption of midges

by shorebirds on wet tundra ponds ce. v
Seasonal sbundance of midges and consumption of midges
by shorebirds in littoral habitats vossssas

Frequency distribution of invertebrate densities in mud
samples from wet tundra ponds and littoral habitats.ceeeese
Stomach econtents of Semipalmated Sandpipers from wet
tundra and littoral habitais.cecosscoscsssocscse

Stomach contents of Western Sandpipers frem wet tundra
and littoral habitats ... .

Stomach contents of Dunlin from wet tundra and littoral
habltats BGORORDGPOORDOOC0IDGLOSGNOLETGOODO0CPILODIVILDUER
Stomach contents of Northern Phalaropes from wet
tundra and littoral haebitatS.eescesce °
Mare's Tail (Hippurus yulgars)..

DISCUSSION

76.

Seasonal ebundance of loons, waterfowl, cranes, shore-
birds, jaegers, Glaucous gulls, Arctic Terns, and
passel‘ines ln Nm‘ton sound BROBROLBDABRIROOCECIRBOLNBIVPOSIROB0008900CO000

362

568
27

573
575
579
581
582
584

585
588

592



V.

V.

VI

LIST OF TABLES
Page
STUDY AREA
1. Habitat lengths in 15 coastal sections of Norton Sound . .. 337
SOURCES, METHODS . . .
2. Lengths of coastal habitats censused by I and _surveys,

1980 and 1981 oo see oo sesossessnenane eeed 0
3. Lengths of shoreline habltats surveyed by ar in Norton
Sound, 1980 and 1981 eees. ... .. eos__sessvosn, .. 407

RESULTS, Part One: Bird Groups

A. All Birds
4. Habitat use by alt birds on shoreline aerial surveys. ....... «17
C. Waterfowl
5. Maximum late summer waterfowl population on wetiands . . . 437
6. Waterfowl populations in June, projected mean values . . . . .. L4
D. Swans
7. Peak numbers of swans observed on wetland aemal sur-
VWS o ocececescoes 2e000  eeg0sedvess 90080830008 0054 445
E. Geese
8. Mlax(ljmum counts of Caneda Geese at Norton Sound wet- -
o |10 15 L TUT LTI T T DL LN LU R L seasae00e
9, Maximum counts of Brant at Norton Sound Wetlands ........ 459
10. Snow Goose sightings in Norton Sound, 1980 and 1981 . . . . . 462
11. Emperor Goose sightings at Norton Sound Wetlands 1980
and 1981 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e L, seeee 209800030 08000¢ 4()4
F. Ducks
12. Relaglve abundance of dabbllng ducks |n coastal Norton
SOUND. ™ o e e e L6
13. Relative abundance of diving ducks |n coastal Norton
%und llllllllllllllllllllllllllll L seesee eassneesses I6Q

363



LIST OF TABLES (Centinued)
Page

14, Maximum projected duck populations at 12 wetlands in
NOI’tOﬂ SOtlnd 8¢, , , 9aweD so0seuI0  eeosb G¥deee eb B050F | | 4020099006 00000CNE 481

15. Nesting phenologies of eleven duek species in Norton

Sound, 1980 and 1981 00008000 0O EI00000000 200806000900 9000930090095A00eG g
16. Canvasback sightings in Norton Sound, 1880 and 1981 . . . . . 486
17. Redhead sightings in Norton Sound, 1980 and 1881 weeessesse 487

[

G. Cranes
18, Maximum projected crane populations at 12 wetlands in
Norton &)und W, eaceceooeaseoer BUGBPEVO0I00E008000 400000000004000 497
H. Shorebirds
19. Relative abundance of shorebirds in coastal Norton Sound 499
20. Summary of shorebird migration'in NortonSound . ............ 509
210 Shorebird breeding populations on Norton Sound wetlands
In June, 1880 . . . . . oo L e 00800 900958099R80002 5000 510

22. Shorebird post-breeding populations on Norton Sound
Weﬂ&nds ln July and August, 1980 uu"eouen-cuonaooooou@.,,,Q“ 519
23. Small shorebirds on wetland air surveys in September

1980 B8 000FNB88006EC0N008 44,,00000C8060C0 2eo 2000682020008 521
J. Gulls
24. Relative abundance Of gulls, 1980. .. ... .. o soven seses D3O
25, Glaucous Gull population ege Structures. .. ..........ovvvenn. .. 543

26, Sabine's Gull sightings in Norton Sound, 1980 and 1981 . 545

VI. TROPHICS
27. Shorebl rd fQOd habl tS &Jmmarl ZEd 0% 0080099000006  390008005000000 55’/

28, Prey avalability in pond margin mud and littoral mud . . . .. 570
29. Stomach eontent, wet tundra pond edge and littoral .
feeding shorebirdscompared . . . .........ooi 577

30. Faunal comparison eof mud substrates from wet tundra
ponds and |ittoral SNOrES . ess. . essssscassccsre consoncessusns 57%
31. Stomach contents of adult and juvenile dabbling dueks ... 9587

VIL DISCUSSION

32. Summary of shoreline habitat lengths in northwestern,
northeastern and southern r eg 1ons of Norton Sound.. . . . 503

33, Surface areas of lagoons and other proteeted marine
waters in the northwest, northeast, and south coastal

reg 1dns Of Norton Sound R o0 SO0 GRNGHS GERODATONNAINHOD g4, 594

364



34.
35.
36.
37.

38.

39.

40.
41.
42.

LIST OF TABLES (Continued)

Patterns of habitat use and seasonal abundance for
eight bird groupsin coastal Norton Sound . . . . ecess . . ssese sessos
Habitat use and activities of Norton Sound birds during
spring migration, breeding, and post-breeding period s.....
Spring migration and breeding populations of the eommon
birds on Norton Sound wetlands, 1980 and 1981..., .. .........
Post-breeding populations of common birds on Norton
Sound wetlands, 1980 and 1981eseescssseesoescosossscescassessssesscen
Populations of selected bird species which were most
abundant in habitats other than wetlands, by coastal
section, Norton Sound, 1980 and 1981. - -~ s o-o-omese ssoo
Regional populations of birds during the breeding and
post-breeding periods in coastal Norton Sound in 1980

ar] 1981 0000 G000 CO ABVNO0GOND 5 000 J000F QA4S CODITA0 06 | | 40000 I090 o0 , , , PONNAN 000D

A comparison of Norton Sound waterfowl populations to
those of the entire eastern BeringSea . . .........................
Relative susceptibility of common Norton Sound birds to
disturbances in nearshore habitats., . . . ...
Expected levels of oil development related impacts on
common birds in Norton Sound ...

365

Page

596
59%
600
602

605

60?
614

620



LIST OF APPENDICES

Page

Land surveys, 1980 «....... D W e 0 30
Land surveys, 1981 . ..o LN
Aerid surveys 1980 . .. oo e s,
Aedsnes 1L, ——
Wetland aerial SUNVEYS, 1980 o . .. oo eeosoconsons ssnsosorns suvesnsnsnnes (145
Vetland aerel SUrveys, 1981 . w11
Birds col lected S ser  wesssseoresssses ()R
Semip mated Sandpiper stomach contents, adults . .. ..........:52
Semipalmated Sandpiper stomach contents, juveniles.......... 65 3
Western Sandpiper stomach contents, @dultSee. 652
Western Sandpiper stomach contents, juveniles................ 655
Dunlin Stomach contents, adults . . esesese | ooe | osasercosoranas 0
Dunlin stomach CONtENtS, JUVENIIES . . ... .. oo 657
Northern Phaarope stomact®contents.,. . g5
Northern Phalarope stomach contents, juveniles............... (50
Mallard stomach contents . . . . ... .. ... M ML
Pintail stomach contents........ one L, e i asesnsesunsens (1 1
American Wigeon stomach eontents - T
Northern Shoveler stomach contents .« ... ... .. 0 @A 3
Green--winged Teal stomach contents . . . . . . £.000...00..00...0 ¢,
Aleutian Tern colony locations, Safety Lagoon. . .............. 06h
Aleutian Tern colony locations, Brevig Lagoon . ............... 66
Aleutian Tern colony location, MosesPoint . . ................... e
Aleutian Tern colony location, Unalakleet . ...................... (o8
Aleutian Terneolony location, Golovin . .. ... 0
Specieslist of birds, seasonality andhabitats . . . . . . . ... ... ... ‘

Map of coastal habitats from Walesto Brevig Lagoon ese. §
Map of coastal habitats from Brevig Lagoon to Woolley
Lageon, including Port Clarence, Grantley Harbor,

Tuksuk Channel, and Imuruk Basin. . .............cooiiiiinn.s. woees £30)
Map of coastal habitats from Woolley Lagoon to Nome . . . 681
Map of coastal habitats from CaPe NometoBluff ........... 082
Map of coastal habitats from BIUff tOElim . ....................483
Map of coastal habitats from Elim to Point Dexter,
including Norton Bay .. ... seasaasasnseron ;0
Map of coastal habitats from Cape Denbeigh tO Una-
lakleet e, ., oo, oo L, - B, #eRIEORSIES pupuseserines ¢
Map of coastal habitats from Unalakleet t0 St. Michael :
Bay 0.... . 0..000.. *PeeSeReReReY .. 580

Map of coastal habitats from St. Michael Bay to Apoon
Mouth of the Y ukon River, including Stuart Island

367



LIST OF APPENDICES (Continued)

36. Pelagic bird observation in Norton Sound
cent Bering Sea, July 1975 and September

368

and
1976

Page

the adja



I, SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

This project's primary objectives were the delineation of coastal bird
habitats in Norton Sound and documentation of their bird use.Observations
of temporal and geographic patterns of bird abundance were made from May
through October 1980 and May through September 1981 to provide OCSEAP
with date on the habitats and areas most important to lerge numbers Of
birds. With this information OCS-relat ed impacts on Norton Sound birds can
be anticipated and mitigated.

The coast of Norton Sound from the eastern margin of the Yukon
Delta to Bering Strait contains many habitats: eliffs, uplands, wetlands,
lagoons, and embayments. Itis perhaps the most varied shoreline in Alaska,
Unlike other extensive coastal wetlands of the state, the wetlands of
coastal Norton Sound are located in pockets between eliffs and other raised
relief. These wetlands (wet tundra) had the highest bird densities of all
habitats in Norton Sound, supporting major populations of breeding shore-
birds and some breeding waterfowl, as well as shorebirds, eranes, and water-
fowl migrating to or from mostly arctic breeding grounds.In other areas
(except cliff colonies) bird use of Norton Sound coastal hebitats was sparse.

The littoral habitats of Norton Sound showed major variability in bird
use, Protected (lagoonal) waters supported many swans, geese, and ducks
In late summer, especially near areas of wet tundra. Unprotected (exposed
to surf) littoral habitats typically had low densities (except for eliff
colonies, larg € gulls in fall, and shorebirds feeding at Koyuk from June
through August). The low bird densities of the exposed littoral and
offshore (Appendix 36),in contrast to the high densities of wet tundra,
demonstrate the low productivity of the Sound's marine waters.

The areas of Norton Sound richest in birds were found between Cape
Nome and Cape Denbeigh in the northeast and immediately southwest of
Stebbins in the south, Except for the Imuruk Basin in the interior of
Seward Peninsulg, the northwest was relatively bird-poor. Most waterbirds
of the Norton Sound coast were found in the twelve wetland sreas iden-
tified in this report. Therefore, many impacts of OCS develoment on Norton
Sound birds eould be decreased by not siting activities in wet tundra.
There are other habitats in Norton Sound with low bird densities where OCS
development impacts on birds should be minimal.

The potential impaets of oil spills in wet tundra areas are large, Since
oil adheres to the vegetation and sediments of wet tundra, and many of
these sreas are associated with lagoonal systems periodically flooded by
autumn storm surf. Low offshore and littoral bird densities in Nerton Sound
mean that spills not entering lagoons or fouling mudflats or wet tundra
should affect relatively few birds (except for spills near seebird cliff
colonies). This is true only in the Sound proper, as the adjacent open
ocean supports high bird densities. Development may also impact wetland
bird populations indirectly through increased hunting and other abuses
accompanying growth in the 1oe al human population.
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II. INTRODUCTION
A. General Nature and Seope

This project was designed to delineate the coastal bird habitats in
Norton Sound and to document their use by censusing bird populations found
in those habitats. In 1980 and 1981 coastal habitats of Norton Sound were
censused from Cape Prince of Wales south and east to the northeast end of
the Yukon Delta. Emphesis of fieldwork was placed on bird use of shore-
lines and littoral habitats with special attention given to larg e areas of
wetlands.

Maps delineating ecosstal habitats based on topography end our obser-
vations are presented, Habitat use, seasonal abundance, and geographic
distribution are described for the ecmmon wat erfowl, shorebirds, gulls, loons,
cranes, and songbirds. An analysis of food habits of the more eommon
ducks and shorebirds is given as well.

B. Specific Objectives

(1) To identify and delineate the major bird habitats present on the
Norton Sound coast.

(2) To assess the seasonal abundance of birds in these habitats.
(3) To determine those areas and habitats of coastal Norton Sound
that are most eritical to birds.

(4) ‘1’0 assess the food dependencies of the most common birds.

C. Relevance to OCS Development

Oil exploration, exploitation, and transportation will have & wide range
of impacts on coastal ec osystems, M any of these impaets will be planned,
such as the location of onshore facilities. Knowledg e of the areas and
habitats that are most important to birds will ailow the placement of facil~
ities in locations where impacts will be low. For unplanned catastrophic
events, such as oil spills, knowledge of an area and its habitats will allow
the impact of an unplanned event to be anticipated, and thus mitigating
measures can be used to M ni m ze the impaet. Thi S report al SO provides
information that can be conpared to post-development data to assess
changes sssociated with devel opnent. Impacts on specific birds and
habitats are elaborated in the discussion section.
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IIl. CURRENT STATE OF KNOWLEDGE
A. Early Work

Knowledge of the seasonal abundance of birds end their habitat use
has been an integral part of the consciousness and lifestyles of the native
peoples of Norton Sound for several millenia. The earliest evidence of
human occupation of Norton Sound dates to 5,000 years ego (Giddings
1967). Native awareness of bird life was, andis, traditionally utilitarian,
though legends and mythology about animals were also part of native
cultures.

Western science made its first observations of bird life in Norton
Sound when Turner (1886) and Nelson (1883,1887) recorded their obser-
vations of birds, mostly at St. Michael. Nelsonfs (1883) note on Spectacle
Eiders west of Stuart Island remains one of the few records of molting
areas for these ducks. Grinnell (1900) made observations at Cape Nome
while gold mining, and MeGregor (1902) collected a variety of birds in
Norton Sound, though his notes offer little insight into their abundance.
Hersey (1917) made useful observations of abundance for the St. Michael

and Stebbins area. Murie visited St. Michael in 1920, obtaining a few
observations (Gabrielson and Li ncol n 1959).

B. Recent Work

Bailey (1943, 1948) made extensive notes on birds at Wales and points
north, providing a sound basis for comparison with more recent observations.
Birds of Sledge Island were reported by Cade (1952), while Kenyon and
Brooks (1960) published observations of birds on Little Diomede Island.

Kessel (1968) has listed birds observed on the Seward Peninsula during
extensive surveys, and made an outline of the bird habitats in Alaska based
in part on this work (Kessel 1979). A complete report of her work is
forthcoming. H. Springer (formerly of Nome) is also preparing a publication
on Seward Peninsula avifauna gleaned from numerous years of residence and
travels there,

Much of our understanding of the bird life in Noerton Sound has come
during the pest two decades, with ANSCA (Alaska Native Claim Settlement
Act) and OCSEAP work. Cliff colonies received careful study by Drury
(1980) for the OSCEAP. His aerial surveys of the major wetlands in Norton
Sound and identific ation of major information gaps provided direction for
the present study. Another OCSEAP study (Shields and Peyton 1979)
described the abundance and seasonality of birds in the Inglutalik Delta



south of Koyuk; this provided site intensive data on & small area. Other
OSCEAP work includes Woodby's shipboard observaetions in Norton Sou nd in
September 1976 (NOAA ship Diseoverer), observations from 2 June ‘to 10
September 1977 by Woodby and Hirsch at Wales (in Connors 1978), and
related work by Flock (1972) and Flock and Hubbard (1979) on spring
migration at Wales. Erckmenn (1981) reports a study of shorebird ecology
recently completed at Wales.

A summary catelog of seabird colonies of Alaska was recently
essembled by the US Fish and Wildlife Service (Sowls et al. 1978). USFWS
indices of waterfowl populations, derived in pert from flights in the Norton
Sound area, are published yearly in their Pacific Flyway Waterfowl Reports
end Waterfowl Status Reports (USFWS and CWS 1981).

Summaries of waterfowl resources by King and Dau(1981) and of
shorebirds by Gill and Handel (1981) for the eastern Bearing Sea (including
Norton Sound) emphasize littorel habitat use. These two works provid € &
broad perspective lacking in the present. report,
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v, STUDY AMA

Norton Sound iS a shallow embayment of the Bering Sea, approximat ely
220 kmin east-west length and 150 km in north-south length. it lies at
the northern edge of the Pacific Basin just south of the transition zone
from the subarctic to the arctic bioregions. The coast surrounding the
Sound encompasses as great a diversity of habitats as can be found any-
where along Alaskats shoreline. These include eliffs, bays, lagoons, dry
rocky tundra, moist tundra, wet tundra, broad river deltas, and spruce
forests. Norton Sound shores are quite different from the coasts to the
north and south. To the south the great expanse of the Yukon-Kuskokwim
Delta, with low coastal relief, is one of the most important wet tundra
areas in North America, To the north the south side of Kotzebue Sound is
characterized by abarier island chain and associated lagoon backed by
sand dunes and wet tundra  Both these coasts have rather homogeneous
shores when compared to the diversity found in Norton Sound.

Norton Sound shorelines have several gradients from the southeast
corner at the edge Of the Yukon-Kuskokwim Delta to the Bering Strait.
Large expanses of wet tundra lagoons and broad river deltas are charac-
teristic of the eastern section of the sound, while west of Nome the shore,
in general, lacks such features, with headlands being more common. There
IS also a change in vegetation, with the flora becoming more arctic in
nature closer t0 the Bering Strait.

While Norten Sound is part of the biologically productive Bering Sea,
the Sound itself has a rather unproductive marine environment. This is due
toits shallowness (20 m) and a Stratified water column t hat has little
vertical mixing except at the western edge of the Sound (Muench et al.
1981). Tidal amplitudes are low, averaging less than a meter.

Ice first forms in protected waters in October, with extensive ice
cover over the Sound by December, generally lasting through April. Snow
cover onland persists from late September or Octcber through May.

Norton Sound lies at the junction of a number of important flyways
for migratory birds. Many Species that breed on the extensive tundra areas
of the Alaskan North Slope, Arctic Canade, and Siberia use the Bering Sea
as a migratory pathway and pass through the rather narrow Bering Strait-
Seward Peninsula area on their migratory passages. There iS aso the nove-
ment of species that winter in either North America or Asia and breed on
the other continent. Many of these species cross the Nearctic-Palearctic
boundary in the region of Norton Sound.

The study area covered by this report is the coast from Cape Prince
of Wales south and east to the Yukon-Kuskokwim Delta. Note that a strict
definition of the Norton Sound coast would be the area from Cape Rodney
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to the north edge of the Yukon-Kuskokwim Delta. Our inclusion of Cape
Prince of Wales to Cape Rodney was done in order to obtain an overview of
bird use of the south side of the Seward Peninsula. We ignored the Yukon-
Kuskokwim Delta, since bird use of habitats there has been well studied by
t he USFWS service, which has jurisdiction in the area (Gill and Handel 1981;
King and Deu 1981),

For the purposes of discussion we have divided the study area ¢ ocast-
line into 15 geographical sections (Figure 1). An attempt has been made to
make each Section as homogeneous as possible with reg ard to physiography
and habitat, although the sections are primarily geographic in nature. In
the following descriptions of each section, the perc entag e of shoreline
hebitats in each as well as the areas of "wetlands" in each will be g iven.
The habitats mentioned are defined in the next section of the report. A
brief indication of bird and human use is given.

A. Physiography of Coastal Sections

1., Wales to Brevig Mission
Shorelines:
31% Exposed moist tundra/uplands
19% Protected spits
18% Exposed spits
15% Protected moist tundra/uplands
13% Exposed eliffs
3% River delta
1% River mouths
Wetland Areas:
6.6 km2, Brevig Lagoon.

Cape Prince of Wales marks the western terminus of the North
American continental divide. This coastal section is typified by rocky and
mostly barren ground with Steep terrain in the western part and a lagoon
system in the east.

Ten km of bedrock eliffs and sloping talus hillsides extend southeast
from Wales ending at near vertical ¢liffs of basalt immediately west of’ Tin
City; a small colony of Horned Puffins, Pelagic Cormorants, and Glaucous
Gulls nests on these outcrops. Dry and mostly barren talus slopes inter-
spersed with steep cliffs abut the shore from Tin City east to Brevig
lagoon, These are backed, in places, by a 200 meter high plateau with
higher mountains to the north.
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Figure 1., Coastal sections; based on physionraphy and used as divisions

for shoreline aerial surveys. See Appendices 31 and 4 for survey dates.



Brevig Lagoon is over 20 km long end is protected by a gravel
barrier beach strip with a single channel on the east end, allowing
exchange of lagoon and Bering Sea water. The lagoon is a concentration
point for small numbers of waterfowl and shore birds, whereas the nearby
substrates @re rocky, dry, and sparsely veg etated, thus limiting productivity.

Bird use is generally low W i t h occesionally high populations of
migrating sea-birds and waterfowl in spring and late summer. Settlements in
this section are Wales, the Tin City Air Force station, and Brevig Mission.
Ground surveys were walked on the beaches and low tundra immediately
north of Wales and along the shores and low tundra of Brevig Lagoon. No
wetland air surveys were flown in th is section.

People of Wales and Brevig practic e relatively traditional subsi stence
lifestyles.

2. Brevig Hission to Cape Douglas; Port Clarence Area

Shoreliness

30% Protected spits
22% Exposed spits
19% Protected moist tundra/uplands
13% Protected wetlands
8% Exposed moist tundra/uplands
3% Protected cliffs
3% Exposed wetlands
1% River mouths
Wetland Areass
134 kmz, along south shore of Port Clarence.

The spit of Point Spencer encloses the 18 km wide embayment of Port
Clarence, which has a variety of surrounding hebitats and supports a
moderate population of migratory and nesting birds.

The bay itself reaches depths of 10 meters and provides the best
sheltered anchorage in the Bering Strait region; 19th century whalers used
it regularly (Brower 1842). Shore ice is retained leter here than on nearby
exposed waters, lesting into early June in both 1980 and 1881. The long
western 8pit iS of coarse sand and fine gravel with poorly vegetated beach
ridges serving primarily as roosting sites for gulls and waterfowl. South-
western shores are low and oceasionally flooded by high wind-blown tides
and are thus vegetated by salt tolerant plants, Shorebirds and waterfowl
concentrate there. Southeastern shores are backed by higher moist tundra
and protected by 6 km long Jones spit. Seventy-meter cliffs meet the
eastern shore south of Teller spit end support a colony of cormorants,
gulls, gufllemots, end puffins.
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Teller is the only native village in this section, and it lies on the gpit
separating Port Clarence from Grantley Harbor, It is home toa small
population of people on a subsistence economy though it is connected by
road to Nome and the people make more use of commercial resources than
do people of more isolated villages. Several dozen Coast Guard personnel
staff a Loran station at Point Spencer.

Ground surveys were walked on the marshy wetlands along the south
shore of Port Clarence and along the beaches of the long spit of Point
Spencer, Wetland aerial surveys were flown over the same marshy wetlands
as were walked.

3. Grantley Harbor and Tuksuk channel

Shorelines:

95% Protected moist t undra/ upl ands
2% Protected cliffs
2% River mouths
1% Protected spits
Wetland Areas:
Few and small.

Grantley Harbor is a well prot acted embayment that receives fresh
water from Imuruk Besin via Tuksuk Channel and drains into Port Clarence
at Teller spit. Shorelines are mostly gravel with sloping and well-drained
tussock tundra. We noted minimal use by waterbirds, although spring ice
openings at the mouth and in Tuksuk Channel had resting ducks. About 1
km of low cliffs at Six Mile Point support a very few nesting cormorants,
Pigeon Guillemots, and Horned Puffins. Human use during the ic e-free
months is mostly by Teller residents summering at fish camps.

The area was visited on land for two days only (June 30 and July 1,
1980), when a few transects were walked along Tuksuk Channel. No wetland
aerial surveys were flown in this section.

4, Imuruk Basin
Shorelines:
60% Protected moist tundra/uplands
30% River delta
7% Protected wetlands
3% River mouths
Wetland Areass
41.0 km?, Agiapuk Delta, Kuzitrin Delta.
This shallow basin is well removed from the sea and is enclosed by a
veriety of hebitats with a uniquely inland character. Thenorth and east
shores are backed by low delta wetlands along distributary streams of the
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Agispuk and Kuzitrin Rivers; these are sandier and shrubbier than other
coastal wetlends of Norton Sound. Other shorelines are bounded by higher
steeper slopes and moist tundra uplands.

Migrent waterfowl and cranes pass through in large numbers, and
shorebirds make extensive use of the lowlands for nesting and feeding.
There are no permanent settlements today, though the besin is rich in
history of Keuwerak peoples (Oguillok 1973).

Ground surveys were made on the Agiapuk Delts on the north side of
the basin, and wetland aerial surveys were flown over both the the Ag iapuk
and Kuzitrin Deltas.

5. Cape Dougles to Nome
Shoreliness
46% Exposed moist tundra/uplands
16% Protected moist tundra/uplands
13% Exposed spits
13% Prot ected spits
10% Prot ected wetlands
1% River mouths

Wetland Areas:

6.8 km?2, on east shore Of Woolley Lag eon.

This section has a low profile of sandy beaches and occasional reek
outcrops that projects into & narrow stream of Alaskan coastal water. Most
of this coast is fully exposed to the brunt of Bering Sea weather, except
for a narrow 20 km long lagoon Stretching south from Cape Dougles to
Cape Woolley. Locally known as Woolley Lagoon, this shallow, brackish
enclosure receives fresh water fram the Feather and Tisuk Rivers end drains
via twoO channels cutting through the beach ridge. The Sinuk iS the only
other mejor river, and drains directly into the sea southeast of Cape
ROdneYQ

‘Terrain behind the coast rises gently to |imestone hills several
kilometers inland, between the Feather and Sinuk Rivers. Coastal tundra is
well drained and somewhat xeric with a stony substrate and a thin soi |l
layer. Wetlands ere mostly limited to the shores of Woolley Lagoon, a n d
these eare salt-washed pool complexes with wet sedge meadows. Aquatic
productivity at Woolley Lagoon appeared low, and this is possibly due to a
nutrient-poor, highly inorg anic sediment load delivered by the two rivers
and various small streams. The lagoon substrate is sandy with few or no
rooted plants, Waterfowl| and cranes use the Woolley Lagoon area mostly
es a stopover, particularly in spring, though year tO year use may be quite
veriable (H. Spring er, pers. comm.).

378



Series of narrow pools and lakes on the frozen tundralie behind the
beach fram Cape Woolley to Sinuk. These are fed by small ereeks but have
no outlets to the sea other than seepage through the sand.

Bird use of this coast is moderately low, while offshore to the north
on King Island and to the south on Sledge Island are major seabird
colonies.

Human use of this section is greatly limited by access. Some Nome
residents regularly travel the coast to Sinuk, and a camp on the beach
strip of Woolley Lagoon near the Feather River mouth is occupied
seasonal |y by King Island people. Subsistence on local game is of prime
importance to them

Ground surveys were walked along the beaches and nearshore tundra
of Woolley Lagoon, as well as on the beach north of Woolley Lagoon to
Cape Douglas. Wetland aerial surveys were flown f rom Cape Woolley to
Sinuk, approximately 1 to 2 km inland of the shore.

6. Nome to Cape HNome
Shorelines:
90% Exposed moist tundra/uplands
7% Disturbed beach
3% River mouths
Wetland Areas:
Few and small,

This short coastal strip is backed by & raised and sloping plai n of
moist tundra. This terrain has been heavily excavated by gold dredging,
creating one of the moat heavily modified landscapes in Alaska.

The Snake River mouth onthe west end of Nome is contained by
concrete and steel jetties, riprap and a breakwater stretches east 2 km to
protect the Nome waterfront. The sea beach is backed by a gravel road
from town to Cape Nome with conerete bridges crossing several streams.

Bird use is quite low. Local dependence on waterfowl for food is low,
mostly because birds do not abound in this region. Much of the hunting
near shore is recreational or concentrated to Safety Lagoon east of the
cape.

Ground surveys were walked on the raised moist tundra approximately 5
km north of Nome and along the Nome River on both wet and moist tundra
Beach transects were walked 2 km east and west of Nome. No wetland
aerial surveys were flownin this section.
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7. Cape Nome to Rocky Point

Shoreliness

26% Exposed moist tundra/uplands
21% Protected spits
21% Exposed spits
17% Protected moist tundrs/uplands
8% Exposed cliffs
6% Protected wetlands
< 1% River mouths

Wetlend Areas:

54,8 kmz, along shores of Safety Lagoon and mouths of Flambeau
end Eldorado Rivers.

This Section resembles a flattened crescent wedged between two high
capes. It presents a diversity of lend forms and habitats with heavy bird
use and easy access for people,

Safety Lag oon provid es the principal wetland habitats. A sandy spit
swings northeast from Cape Nome to enclose the lagoon, and freshwater
input IS provided by the Flambeau and Eldorado Rivers. Bonanza Slough and
Taylor Lagoon extend the Safety wetlands in a narrow band east towards
Topkok. Lagoon waters drain through a main channel mid-lagoon, and
Solomon River water drains southeast of the old Solomon town site. Depths
in Safety Lagoon average less than 2 meters, and extensive mud flats are
exposed atlow tides. Widespread eelgrass beds develop over the summer,
thriving on the brackish bath of nutrients and rich sediments.

Steep cliffs at Topkok and Bluff highlight @ rocky shore extending
east from Taylor Lag oon to Rocky Point. These are the summer home for
lerge colonies of seabirds, principally murres and kittiwakes, es well a S
¢ ormorants, puf fins, and gulls.

The road from Nome runs along the beach spit to Solamon, providing
ready eccess to the wildlife resources at Safety Lag oon. Subsistence
activities ere concentrated near the road and upstream slong the Flambeau
and Eldorado channels. A relic mining cemp at Solomon is occesionally
occupied. Subsistence peoples from White Mountain hunt seals between
Topkok and RocCKky Point and in the past people from Nome, Golovin, and
White Mountain have gathered eggs from the seabird colonies.

Ground sSuUrveys were walked on the beaches, wetlands, and moist
tundra surrounding Safety Lagoon, at the mouths of the Flambeau and
Eldorado Rivers, end neer Solomon. Wetland aerial surveys were flown from
Teylor Lagoon to the northeast end of Safety Lagoon and over the
Flambeau and Eldorado River mouths.
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8. Rocky Point to Cape Darby; Golovin Bay
Shorelines:
72% Exposed moist tundra/uplands
20% Exposed cliffs
3% Exposed spits
2% Protected moist tundra/uplands
1% Protected spits
1% River mouths
Wetland Areass
Few and small.

Two rocky headlands project south into the Sound to form Golovin Bay,
providing only limited protection to the enclosed shores from stormy
weather. The bayis shalow with maximum depths less than 13 meters.
Terrain behind the beaches is steepest near the capes with low extensive,
sloping cliffs near Rocky Point and Cape Darby. Terrain is progressively
gentler towards Golovinat the head of the bay. Shrubby, moist tundra is
the predominant habitat on the slopes, and is home to songbirds, ptarmigan,
and other landbirds. Coastal waters near the capes are feeding grounds
for diving ducks and cormorants. Narrow eelgrass beds are found near
shore at the head of’ the bay.

Peoples of Golovin and White Mountain hunt seals along the ice edge
on the bay's mouth and fish the bay for salmon in the spring and summer
and for other food fishes at other times. Mudflats exposed at low tides
provide clams (Mya sp.), particularly in fall.

Ground surveys were walked immediately east of Golovin; no wetland
aerial surveys were flownin this section.

9. GQGolovin Lagoon
Shoreliness
52% Protected moist tundra/uplands
26% River delta
13% Protected spits
9% Protected wetlands
1% River mouths
Wetland Areass
38.5 km?, Fish River Delta, including Kechavik wetlands,

A sand spit at Golovin pinches the head of Golovin Bay and
concentrates outfiow from Golovin Lagoon, a shallow, tidally washed
enclosure. The Fish River Delta caps the head of the lagoon and provides
freshwater and mutrient inputs. Distributional mudfiats extend 2 to 3 km

southeast of the delta at low tide, Both the bay and lagoon were river
valleys during glacial time.
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Shrubby, moist tundra backs the beaches between Golovin and t h e
delta on both sides of the lagoon; eelgrass beds are found near shores,
Nesting and migrant waterfowl and shorebirds ebound Cm the delta wetlands,
and the lagoon shores and nearby tundra ere importent feeding and
gathering sites for swans, geese, and cranes, particularly in late summer.

White Mountain and Golovin peoples depend on waterfowl concentra-
tions for their subsistence harvest and on salmon runs for commercial as
well as subsistence fisheries.

Ground surveys were walked on the Fish River Delta and nearby shores
and moist tundra within 6 km of the lagoon shore; wetland aerial surveys
were flown over the same ares.

10. Cape Darby to EKoyuk

Shorelines:

28% Exposed eliffs (generaly low)
23% Exposed moist tundra/uplands
20% Exposed wetlands

10% Exposed Spits
10% Protected spits

8% Protected wetlands

1% River mouths

Wetland Areas:

49.9 km?, Kwiniuk end Kwik Rivers, west of Koyuk; 15 .4 km?,
southwest of XKoyuk to Isaac's Point (Bald Head).

Low cliffs and uplands dominate the southwest end of this seetion with
forests of white spruce. Wetlands back the low coast to the northeast
where wat erfowl and Sandpipers are seasonally ebundant.

A sandy spit stretches 11 km to Moses Point, forming Kwiniuk Inlet.
Depositional fans of the Kwik, the Kwiniuk, and Tubutulik Rivers bound the
inlet with productive marshy tundra. Low tide exposes extensive mudflats,
particularly ‘between the Ewik River mouth end Bald Head (Isaacs Point).
Further to the northeast, in Norton Bay, & narrow band of low, wet tundra
borders the mouth of Koyuk River inlet on the west, This receives moderate
use by waterfowl, particulerly in late summer and fall. Mudflats are
exposed at low water and the beach is an eroding peat bank.

People of Elim hunt in the Kwiniuk inlet wetlands and seasonally
inhabit a smell village on the Moses Point spit for commercial fishing.
Access is now eesier via a new road from Elim to the former Moses Point
FAA station and landing strip on the sand beach.

Ground surveys were walked on b eaches and wetlands at the Kwiniuk
and Kwik River mouths, Wetland aerial surveys were flown over these same
sites, s well as over Kwiniuk Inlet inside of the Moses Point spit.
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11, Eoyuk to Cape Denbeigh

Shorelines:

34% Exposed moist tundra/uplands
29% River delta
17% Exposed wetlands
16% Exposed cliffs
1% Exposed spits
1% Protected Spits
1% River mouths

Wetland Areas:

61.4 km2, south of Koyuk River to Inglutalik wetlands; 9.4 kn,
from Ungalik River southwest to Island Point.

Extensive wetlands bound the east shores of Norton Bay. ©On the
south end the high eliffs of the Reindeer Hills and Cape Denbeigh mark the
bay's boundary,

The Koyuk River feeds freshwater into shallow Norton Bay, and over
time, has deposited its heavy load of fine—grained sediment into a broad fan
stretching south from its mouth. It joins the Inglutalik fan to form a low
wetland coast 16 km long, providing productive nesting grounds for
shorebirds and some ducks. Low eroding peat bluffs interface with
extensive mudflats that are exploited by birds when exposed at low water.

Raised moist tundra and high peat bluffs extend south from the
Inglutalik fan to the Ungalik River mouth where a small delta system marks
the eastern boundary of the low wetlands on the Roland Point Peninsula.
Reindeer Cove, south of Islend Point is a shallow embayment serving as a
stopover site for migrant waterfowl, Its south shores are backed by raised
moist tundra running west to Point Dexter.

CQiffs and steep terrain descend from the west face of the Reindeer
Hills, providing well-populated ledg e sites on the south end for nesting
murres, kittiwekes, puffins, and cormorants.

Bird life is particularly rich on the northwest shores of Norton Bay.
Koyuk people harvest wat erf owl from the nearby wetlands, and Shaktoolik
people have traditionally egged the Denbeigh colonies. Southeastern shores
of Norton Bay are productive salmon waters, particularly near the Ungalik
River,

Ground surveys were wal ked onthewetlandswithiné km of the shore
south from Koyuk to the Akulik River. Aerial wetland surveys were flown
over the same site and further south to the Inglutalik River.
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12. Cape Denbeigh to Tolstol Point

Shorelines:

26% Exposed moist tundra/uplands
16% Protected spits

15% Exposed cliffs (generally low)
14% Exposed spits

10% River delta

9% Exposed wetlands

9% Protected wetlands

1% River mouths

1% Disturbed beach

Wetland Areas:

513 km?, from Denbeigh to Beeson Slough; 14.6 km?, behind
Unalakleet.

This eoastal section features a low-lying, boggy wetland in the north,
high earth cliffs to the east, and low basalt cliffs to the very south.
Malikfik Bay and the Sineak River inlet receive drainage from the moist
tundra of the Reindeer Peninsula and are fronted by mud flats at low tide.
Shaktoolik spit encloses Shaktoolik Bay, which receives fresh water from the
river by the same name. The spit also directs the flow of the Tagoomenik
River, which serves as & harbor and freshwater supply for the villag e.
Beeson Slough, 10 km south of town, is & brackish "lagoon" with no outlet
save for possible seepeg e through the beach ridge. Nesting populat jons of
waterfowl and shorebirds are rather low here for sucha seemingly pro-
ductive expanse of wetlands. Migrant waterfowl come in moderate numbers
in both spring and late summer.

Crumbling cliffs back the shore from Beeson Slough south to
Unalakleet, except for & shallow cut at Egavik. ‘T’ he Unalakleet River winds
through a broad valley south of which earthen cliffs again hang behind t he
shore. These give way to low besalt cliffs at Tolstoi Point. Mixed alder
and spruce woods dominate the vegetation on the uplands above the cliffs
south to Poker Creek, immediately northeast of Tolstoi Point.

Besboro Island lies 16 km offshore of Junction Creek and is Steeply
shored. Horned Puffins, Pelagic Cormorants, and Glaucous Gulls nest there,
while a small colony of cormorants, gulls, and puffins has been reported at
Tolstoi (Sowls et al. 197 8),

Coastal bird use is generally low throughout this section. Waterfowl
are taken for subsistence purposes, perticularly near Shaktoolik, and
commercial fishing is 8 main source of eash income for many residents.

Ground surveys were walked from the tip of Shaktoolik spit south to
Beeson Slough on wetlands, moi st tundra, end beaches. In the Unalekleet
area, surveys were walked from town 27 km south to Poker Creek on
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beaches and nearby moist tundra and lakeshore. Wetland aeria surveys

were flown fram Shaktoolik north over Malikfik Bay wetlands and also along
the Unalakleet River upstream f rom town for 10 km.

13 . Tolstol Point to Cape Stephens

Shorelines:

88% Exposed moist tundra/uplands
8% Exposed eliffs
3% River mouths
1% Exposed wetlands
Wetland Areas.
Few and small.

Thisis a rocky section with low basdtic eliffs extendin%_its entire
length, save for the low shores along St. Michael Bay. ird use is
moderate to low.

A multitude of convoluted bays and rocky heads provide feeding waters
for Common Eiders, scoters, and other diving birds. These shores are
backed by raised, shrubby, moist tundra with numerous volcanoes and ancient
lava flows far to the south. Small seabird colonies occur at t he more
prominent eliffs including Cape Stephens. Egg Island, 15 km offshore at
Wood Point, hosts a moderately large colony of murres, kittiwakes, and
puffins (Sowls et al, 1978),

Saint Michael Bay is shalow with extensive mudflats at low tides, as
well as tidal canals and narrow wetlands. St. Michael Island is high ground
with low waterbird populations.

Subsistence waterfowl use by people of St. Michael is concentrated on
the wetlands to the west and south of Stebbins as described in the next
section. EgQg Island is so named for its traditional use by natives.

No ground surveys were walked in this section, and no wetland aerial

surveys were flown here, The St. Michael area was visited occasionaly by
small boat.

14. Stebbins to Apoon Bouth, Yukon River
Shorelines:
58% Exposed wetlands
3 7% Exposed moist tundra/uplands
5% River mouths
Wetland Areas:
169.0 km?, southwest of Stebbins to Nokrot.
Low peat shoresline this section of low relief. Birds concentrate on
shore, especialy towards the northeast on some of Norton Sound's moat
productive wetlands.
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Southwest of Stebbins, the lake-studded and canal-ridden wetland plain
is home to dense nesting populations of shorebirds and some ducks, and
serves as & feeding site for many waterfowl. At Nokrot, the land rises
slightly to became shrubby moist tundre; & fan of coastal wetlands reaches
14 km east of Apoon Mouth to meet this. Low tides expose a narrow band
of peaty mudflats along the shore and mud banks on the canals. These
canal banks receive concentrated use by feeding shorebirds, while the
shoreline flats are rarely visited by waterfowl or shorebirds.

People of Stebbins and St. Michael hunt extensively on the flats
southwest of St. Michael Island for waterfowl.

Ground surveys were Walked on the wetlands and nearby moist tundra
southwest of Stebbins and mostly north of the St, Michael Canal. Wetland
aerial surveys were flown over the seme area.

15, Stuart Island
Shorelines:
93% Exposed moist tundra/uplands
3% Exposed cliffs
2% Exposed wetlands
1% River mouths

Wetland Areas:

22.0 km2, along the cross-isand eanal.

Shorelines of this island are low rocky cliffs, similar to those east of
St. Michael, A wide canal euts the island-into eastern and western halves,
providing rich wetlands along its shores. Bird use parallels that of the
Stebbins area, though at a lower level, and is especially prominent during
migration,

Tundra above the cliffs is well drained with occasional shrubs., A few
small groups of puffins and cormorants nest on the northwestern and south-
western shores (Sowls et al. 1978),

The canal is a popular route for subsistence waterfowl hunters, and
the uplands have been used for reindeer grazing e

B. Cosstal Habitat Descriptions

Potential bird use of an area depends on the types and amounts of
habitat available, and the availability of habitats is dictated by physi-
og raphy and erosion patterns. With this in mind, we identified 14 separate
habitat types along the Norton Sound coast. Eleven of these ere along
shorelines; these are linear and contain the littoral zone. Three are areal
and refer to tundra habitats adjacent to the coast. Descriptive accounts of
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L8E

Teble 1. Hsbitat lemgths (km) in 15 coastal sections of Norton Sound.
Exposed Shores Protected Shores Other Shores
Area d m?Z2 w & Jd w2 W & w » D Total
1. Wales to Brevig 16*8 41.3 24.0 20.3 24.8 4.5 1.4 133.1
2. Port Clarence 88 3.2 25.0 34 216 15.0 338 0.7 111.5
3. Grant ley larbor and 1.4 69.2 1.0 1.4 “23.0
Tuksuk or
4. Inuruk Basin 456 5.5 22.4 1.9 754
5 C. Douglas to 76.2 21.6 269 16.8 21.6 1.0 164.1
(Woolley Lagoon

6. Nane to C. Name 17.9 06 1.3 19.8
7. C. Nome to Rocky Pt. 14.4 50.2 40.0 315 12.3 40.8 0.6 189.8
8. (olovin Bay 12.5 44.0 1.9 1.0 0.8 0.8 61.0
9. Cblovin Lsgoon 288 48 1.0 14.4 0.7 55.7
10, c. Darby to Koyuk 387 314 270 13.8 11.2 13,6 1.7 137.4
11. Koyuk to C. Denbigh 176 37,1 184 0.8 0.8 08 320 1.5 109.0
12. C. Dembigh to Tolstoi Pt. 21.6 394 142 21.0 13.3 25.3 155 1.7 1.4 1534
13. Tolstoi Pt. tO Stebbins 96 100.0 0.8 3.6 114.0
14, Stebbins to Apoon Mouth 24.0 37.8 3.2 65.0
15. Stuart Island 2.2 69.0 1.8 1.0 74.0

Total

133.4 539.3 103.2 148,1

48 5.1 789 169.5

888 218 27 15354

Ioifts. ZMoist Tundra/Up lsnds. Swet1ands., 4Spi'ts. SRiver Delta. CRiver Mouth. ‘Disturbed.



each are given below. Table 1 lists the lengths of the shoreline habitats
in each section of coast.

Our basis for segregating habitats was guided by descriptions of
Kessel (1979) and of Holmes and Black (1973); though the coastal and
broad-scale nature of our surveys limited us to broad habitat categories.
An oil spill vulnerability essessment is given below for each shoreline
habitat; this is taken directly from Hayes and Gundlach (1980)

Coastal hebitats are mapped in Appendices 27 through 35; these
distinguish wet tundra, moist tundra, cliffs, and spits.

1. Clessification Scheme
A, Shorelines — Shoreline habitats were classified by exposure:
(1) Exposed coasts; open to strong wave action.
(2) Protected shores as in lagoons or sheltered embayments.
Each of these two classes is divided into four habitat types,
based onthe terrain behind the beachs
(a) Shoreline backed by eliffs.
(b) Shoreline backed by moist tundra or uplands With
shrubs or spruce.
(¢) Shoreline backed by wet tundra (wetlands).
(d) Shoreline on a spit.
(3) We identified three additional shoreline habitats w thout
regard to exposure:
(a) Disturbed beaches, e.g. at Nome and Unalakleet.
(b} River mouths.
{c) River deltas.

B, Tundra — We clessified near shore tundra habitats according to
wetness. T hese are areal in nature and do not inelude the
littoral zone:

(1) Wet tundra (or wetlands).
(2) Salt-washed wet tundra — atype of wet tundra (wetlands).
(3) Moist tundra.

It is important to note that while the shoreline habitats are linear,
the tundra habitats are areal of often extend several kilometers inland from
the beach, The differences in sampling these two eclasses of habitats will
be discussed in the Methods section.
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Descriptions.

A. Shoreline Habitats
(1) Exposed Coasts

(a) Exposed coasts with eliffs

Extent — 8% of shoreline.

Deseription — Nearly vertical rocks a least 5 m
high abutting the sea, sometimes with a narrow rocky,
gravel, or sand beach. Often with moist tundra,
shrublands, or spruce forest above the eliffs.
Substrate — Rock.

Veg etation — Sparse on eliff faces and below.

Bird Use - Principaly used by local concentrations
of seabirds, murres, kittiwakes, Glaucous Gulls, and
cormorants for nest sites inace essible to mammalian
predators.

Loeations — Extensive cliffs near Tin City, at
Topkok and Bluff, Rocky Point, Cape Darby from Pt.
Dexter to Cape Denbeigh on the Reindeer Peninsula,
and at Cape Stephens.

Oil Spill Vulnerability — Low due to wave washing,
though seabirds resting on water near cliffs would be
highly susceptible.

(b) Exzposed Coasts with Moist Tundra or Uplands

Extent — 35% oOf shoreline.

Description — A general habitat including all

exposed shores backed by fairly well-drained ‘terrain
with a gentle or steeply sloping surface; often with
sedge tussocks and occasional tundra polygons. This
coastline includes many projections of  rocky
shorelines.

substrate — Gravel or sand, sometimes with a

sloughed peat layer from eroding peat bluffs, or
possibly with rock.

Vegetation - Scarc e on the beach, often limited to
Sandwort (Honckenya peploides), Beach Pea (Lathyrus

maritimus), and various grasses (Elymus arenarius and

Calemagrostisspp.) on sandy beaches; with alders
(Alnus spp.) and willows (Salix spp.) abutting the

beach where steep ground is present.
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(c)

Bird Use — Limited to larg e gulls, and occasional
use by sandpipers and songbirds for feeding in the
drift zone; occasional use by diving ducks and loons
offshore. ~ Rocky shorelines are important feeding
areas for diving sea ducks,

Loecations — Ext ensi ve and throughout the Sound.

Oil Spill Vulnerebility - Usually low on sand
beaches, moderate on gravel beaches, and high where
the shore is a peat plstform (Norton Bay) or along
basalt boul der beaches (Tolstoi Point to St. Michael).

Exposed Coasts with Wet Tundra (Wetlands)
Extent - 7% of shoreline.

Description — Shorelines backed by poorly drai ned
marshy terrain dotted with ponds and lakes. Nearly
identical to river delta shorelinesbut not bounded by
river channels. This is one of the three wetland
shoreline’ habitats,

Substrate — Peat (often from a low eroding peat
bank) or sand, rarely gravel.

Veg etation — If the nearshore substrate is peat,
plant communities include various grasses (Elymus,
Calamagrostis, and with Puceinellia in salt-washed
areas) and/or various sedges (Carex spp.); if sand or
gravel beach, veget ati on is sparse and limited to
Sandwort, Beach Pee, and Lyme Grass (Elymus
arenarius).
Bird Use -- Variable; sometimes used as & feeding
area for shorebirds and waterfowl if mudflats are
exposed at low tide.

Locations — Mostly in Norton Bay near Shaktoolik,
and southwest of Stebbins.

Oil Spill Vulnersbility = Usuelly low on sand
beaches, moderate on gravel beaches, and high along
peat banks (Norton Bay and fraom Stebbins southwest
to Apoon Mouth).
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(9

Exposed Coasts with Spits

EBxtent - 10%of shordine.

Description - Sand or gravel beaches ON narrow
spits protecting a lagoon or within a similar body of
water.

substrate — Sand or gravel.

Vegetation — Usualy bare or with sparse clumps of
Elymus or sandwort, With Elymus forming the most
visible layer. Ocec asionally With Crowberry (Empetrum
nigrum) and willow on higher beach ridges where the
spit is fairly wide (more than 100 m).

Bird Use — Nesting habitat for t erns; roosting area
for gulls, terns, and some weterfowl.

Loe at lons — Brevig Lagoon, Port Clarence, Woolley
Lagoon,Safety Lagoon,Moses Point, Shaktoolik, and
to a limited degree at Unalekleet,

Oil Spill Vulnerability - Usually low.

(2) Protected Shores

(o)

Protected Shores with Cliffs

Extent - 0.3% of shoreline.

Description — Nearly vertic al cliffs at least 5 m
high abutting a lagoon or other protected body of
water; sometimes with a narrow sand or gravel beach
at the base.

Substrate = Rock.

Veg etation -- Sparse.

Bird Use — Used for nest sites by seabirds that feed
in shallow water, e.g. Pelagic Cormorants,Pigeon
Guillemots, Horned Ruffins, and Glaucous Gulls.
Loecations — Restricted to Port Clarence south of
Teller,and at Six M e Pointin Grantley Harbor.

Oil Spill Vulnerability -- High due tolow wave
energy, though it is unlikely that oil woul d reach
these interior sites.
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{b)

(c)

(d)

Protected Shores with Boist Tundra or Uplands.
Extent — 16% of shoreline.

Dese ription, Substrate, and Veg etation — Similar
to those (iVenN for exposed eoasts backed by moist
tundra.

Locations — The predominant habitat in Grantley
Harbor, Imuruk Bsasin, and Golovin Lagoon, and
extensive in Brevig Lagoon, Port Clarence, Woolley
Lagoon, end Safety Lagoon.

Oil Spill Vulnerability — Moderate to high due to
low wave action, perticularly where substrate is peat
(some shores of Safety Lagoon).

Protected Shores with Wet Tundra (Wetlands)
Extent — 5% of shoreline.

Deseription — Similar to that for exposed coasts
backed by wetlands; this is one of three wetland
shoreline habitats.

Substrate - Almost always a low, eroding peat bank,
with either & sandy or peat-laden flat offshore.

Veg etation — A  grass-sedge community including
Flymus, Calamagrostis, Puccinellia (in salt--washed
areas) and various sedges (Carex subspathacea i f
salt-washed).

Bird Use - Often extensive use by feeding
waterfowl; less extensive use by shorebirds.

Locations — Port Clarence, Inmuruk Basin, Woolley
Lagoon, Saf ety Lagoon, Golovin Lagoon, Mocses Point,
Malikfik Bay, and Shaktoolik Bay.

Oil Spill Vulnerability — High; tide flats and
veg etat ed zones will retain ofl for several years,
g.rl_ass would die, and many birds would be exposed to
oiling.

Protected Shores with Spits

Extent - 11% of shoreline,

Description — Sand or gravel beaches on narrow
spits fecing a lagoon or other protected body of
water. Often a convoluted shoreline with side spits,
spurs, and small embayments, including pock ets O f
wetlands and muddy ponds.
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substrate — Sand or gravel, often withamud or
peat organic component.

Vegetation — Usually more richly vegetated than
exposed shores of spits, with Elymus, Calamagrostis,
Puccinellia, and sedges. Crowberry may epproach the
water's edge where beach ridge vegetation has
succeeded the dune grass stage.

Bird Use — Nesting habitat for terns and shorebirds;
roosting and feeding area for gulls, shorebirds, and
W at erfowl.

Locations — Brevig Lagoon, Point Spencer, Woolley
Lagoon, Safety Lagoon, Golovin Lagoon, Moses Point,
Shaktoolik, end Unalekleet,

(3) Other Shorelines

(a)

River Delta Shorelines

Extent - 6% of shoreline.

Deseription — All shores between river mouths of
branching channels of the same river; muddy sand
flats are often exposed atlow tide and may be
extensive.  This is one of three wetland shoreline
habitats. Extended to include similar habitat at the
edge of depositional fans in the Imuruk Basin, at
Koyuk, and near Shaktoolik, but not at Meses Point.
This was a somewhat arbitrary exclusion; the Moses
Point-Kwik River fan was considered to be best
described as wet tundra (wetlands).

Substrate — Usually peat and sand matrix.

Veg etation — Usually with a grass-sedge community
near the shore composed of Elymus, Calamagrostis,
Puccinellia, and sedges. Sometimes with a low marshy
mat of mosses and sedges beyond the grass-sedge
Zone.

Bird Use — Often very great for feeding birds,
particularly waterfowl and shorebirds. Waterfowl also
use it as an escape from hunters.

Loecations — Brevig Lagoon (California and Don
Rivers), Imuruk Basin (Agiapuk and Kuzitrin Rivers),
Golovin L agoon (Fish River), Norton Bay (Koyuk-
Inglutalik River complex), and Shaktoolik (Shektoolik
River and nearby streams to the north).
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b)

(e}

Oil Spill Vulnerability -— High due to organic
sediments and vegetation; also & high use area for
birds.

River Mouths

Extent — 1% of shoreline.

Deseription — Water and nearby shore at a river or
siream outflow, not ineluding chennel mouths or river
mouths of delta systems.

Substrate — Sand and/or sili.

Vegetation — Generally sparse due to flooding and
ice-flow at spring break-up

Bird Use — Ducks, gulls, and shorebirds concentrate
in these areas.

Locations — In all coastal sections.

Oil Spill Vulnerability — Low (with sand substrates)
to moderate (with gravel substrates); higher in
sheltered waters.

Disturbed Beaches

Extent — 0.2% of shorelines.

Description — Sea beaches with seawalls (Nome) or
road grades, disturbed by noise from generators and
vehicles, vehicle traffic, and human presence.
Garbage and junk litter the beach and wastes are
often dumped untreated into the sea.

Substrate — Sand, gravel, steel, and pampers.
Vegetation — Often removed; if present, usually
limited to Elymus and sandwort.

Bird Use — Roosting sites for larger gulls, visited
during quiet hours by ravens.

Loeations — Larger townsites, notably Nome and
Unelakleet,

Oil Spill Vulnerability — Low to moderate.

Tundra Habitats, The tundra habitats listed below refer to
areel habitats extending from the coast inland. They differ from
the preceding coastline habitats in that they do not contain the
littoral zone, nor are they linear. Throughout this report we
often use the term "wetlands” to refer to wet tundra habitats.
Note that "wet tundra"™ and "salt-washed"™ wet tundra"™ are lumped
in all analyses of habitats and that the areal tundra habitats
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occur inland of other shoreline habitats, discussed above.

(1)

(2)

Wet Tundra (Wetlands)

Deseription — Low, poorly drained ground usually with an
abundance of lakes and smell ponds and wet, grassy
meadows. Includes wet meadows and small paiches of grass
meadow described by Kessel (1979).

Substrate - Organic layers.

Vegetation — Sedges, cottongrass (Eriophorum spp.) with a
moss (Sphagnum most common) underplayer dominating the
wetter areas., Dwarf birch and heath mats cover dlightly
raised terrain.

Bird Use — Principal nesting grounds for small sandpipers,
many waterfowl, and loons.

Locations — Throughout the Sound, particularly the
eastern end, On river deltas and near |agoons.

Salt-Washed Wet Tundra.

Description — A type of wetland (we sometimes had
difficulty distinguishing this type from rarely flooded
wetlands, and they are lumped in all analyses of habitat
use by birds). Low-lying terrain subject to saltwater inun-
dations, usually at the highest tides or during periodic
storms. These inundations generally oeecur one or more

times each year. Equivalent to the salt grass meadow of
Kessel (1979).

Substrate - Often sandy, with silt and some org anies.
Vegetation — Characterized by salt-tolerant grasses and
sedges (Pucc inellia phryganodes and Carex subspathacea).

Bird Use — Nesting area for some shorebirds, wat erf owl,
gulls, and terns.
Locations — Limited to the lowest areas Of wetlands,

including those at Wales, Port Clarence, Woolley Lagoon,
Safety Lagoon, Golovin Lagoon, Moses Point, Koyuk, and
Stebbins. AlSO very common coastally On the Y-X Delta.

(3) Moist Tundra or Uplands

Deseription - Raised, gently to steeply sloping ground
with hummocks and/or tussocks. Thisis mainly the dwarf

shrub meadow and dwarf shrubmat habitats of Kessel (1979),
but also includes her taler shrub habitats.
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Substrate - Organic, probably thinner than on wetlands.
Vegetation -- On moderate slopes, tufts of cottongrass or
other sedges form tussocks with interstitial mosses and
lichens. Flatter ground is usually covered by a dwarf shrub
and heath mat with a basal layer of mosses and eolorful
lichens, The dominant shrubs are prostrate willows, dwarf
birch (Betula nana), Crowberry, Labrador Tea (Ledum
palustre), and bluberries (Vaceinium spp.).
Loeations — Covers extensive areas in coastal Norton
Sound.

C. Wetlands of Hortom Sound

Most of Norton Sound's birds {except cliff’-nesthg species) concentrate
on th e low wetlands near the coast. These Wet| ands are primarily expanses
of wet tundra (wet meadows and salt grass meadows of Kessel (1979)),
although each wetland is unique from all others due toits: size, substrate,
vegetative cover, frequency of coastal flooding, number and density of lakes
and ponds, and presence of a river delte, lagoon with barier spits, and tidal
canals or channels, These wetlands are presented below and our census
methods are indicated (land survey = LS, wetland aerial survey = WAS, see
Chapter V). Someof the information given below appears in Section A,
"Physiography,” of this chapter and is repeated here for clarity.

Wales — many kmZ, surveyed by LS. Wetlands here are at the margin
of our study area and extend far t0 the northeast towards Kotzebue Sound.
Vegetation is lush and the terrain is dotted with many lakes and ponds.
Landward of t h e sea beach are brackish pools, and mudfiats are common
along the lagoons here where salt-tolerant plants indicate occasional
flooding.

Brevig Lagoon - 7 km2, censused by LS. Thisisa minor wetland
area bordering a brackish lagoon. Vegetation is sparse and a gravel
substrate is predominant, especialy elong the braided streams.

Port Clarence -- 13 kmZ, censused by IS end WAS. This is a small
but productive wetland on the south side of the embayment. There are
many lakes and ponds. Salt-tolerant sedges and grasses are croon,
suggesting frequent floodina.

Imeruk Basin — 41 km2, censused by LS and WAS. Wetlands are
most  extensive on the north and northeast sides of the basin at the
Agiapuk end Kuzitrin River Deltas. Water was fresh (where visited in June)
and the area is characterized by the dominance of shrubs. Leakes and
ponds ebound at this inland site,
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Woclley Lagoon — 7 kmZ, censused by LS. Substrates surrounding
the lagoon ere generally sandy or stony and ponds are relatively few., Wet
meadows are not as lush here as at wetlands to the east.

Cepe Woeolley to Sinak - 30 km2, censused once by WAS. This
not a very "wet"” wetland, rather it is a series of lakes and ponds about 1
K m inlend that often attracted small flocks of waterfowl in late summer.
Surrounding vegetation is more Similar to moist tundra/uplands.

Safety Lagoon — 55 kmz, censused by LS and WAS, This includes
the wetlands around Safety Lagoon, near Solomon, eround Taylor Lagoon,
and at the mouths of the Flambeau and Eldorado Rivers. Vegetation is
usually a lush sedge meadow (with a lush organic substrate) mixed with
patches of moist tundra near uplands or with low salt-washed flats nearest
to the water. Lakes and ponds are numerous and there are afew brackish
channels.

Fish River Delta - 39 km?, surveyed by ISand WAS A gradual
rise from the lagoon shore towards the trees to the northwest dictates the
wetlands characteristics here. Mudflats are extensive atthe terminus of
the delta, with frequently flooded grass and sedge meadows to landward,
Lakes and ponds are common, and marshes border quiet banks of the
numerous river channels, Wet meadows give way to drier grassy meadows,
and them shrubs, before the tree border iS reached upriver. Substrates are
richest along pond mergins and silty or sandy on slightly higher ground.

Moses Point — 50 km2, surveyed by LS and WAS. Wetlands here are
in two units. One is at the mouth of the Kwiniuk River, where many ponds,
lakes, and chennels are protected by short spits. This extends eastward to
Kwiniuk Inlet. The other borders the Kwik River mouth, and this has a
greater mix of moist tundra patches with scattered shrubs and small
spruces. Mudflats border the mouth of the Kwik River and Moses Point spit
offers some prot ection from southwest weather.

Eoyuk - 61 km?Z, surveyed by LS and WAS. Wetlands border the
Koyuk River Inlet to both the southwest and southeast, and are most exten-
Si Vv e in the latter direction. lakes, ponds, and channels abound.
Vegetation is lush and marshy, and the area is underlain by a deep peat
layer. Mudflats are extensive to the southeast.

Shaktoolitk - 51km2, surveyed by LS and WAS. Wetlands here are
extensive but quickly grade into moist tundra inland. Lekes, ponds, and
channels are common, and some protection is provided by intermittent spits;
mudflats are exposed at Jow tides near major river channel mouths.

Unalakleet — 15 kmZ, surveyed by LS (only once by WAS)., The small
but heavily channel ed end pond-rich Unalekleet River Delta is protected by
short spits, Unalekleet is the larg est town adjacent to any wetland in the
Sound, and the area is disturbed by jet traffic and numerous outboards.
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Stuert Island — 2 2 kmZ, surveyed by WAS. Wetlands are confined to
a strip 1 km oOn either side of Stuart Island Canal, which divides the island
in two. Ponds, lakes, and mershy channels are common,

Stebbins — 169 km2, surveyed by LS and WAS. Extensive wetlands
stretch from St. Michael Bay, south of Stebbins and to the southwest.
Relief is low and ponds, lakes, and channels are abundant, with many kilo~
meters of wide canals. Mud canal banks are exposed at low tide; and with
storm surges, the entire wetlands floods eesily due to the low, level relief.
Vegetation and substrates are richest along leke and pond margins and the
area is underlain by a deep peat layer.
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V. RATIONALE, SOURCES, AND METHODS
OF DATA COLLECTED

A, BRationale

The diversity of coastal habitats along the Norton Sound shoreline as
well as its great length present a number of magor sampling and logistical
problems when attempting to assess the seasonal importance of specific
habitats and areas to birds. These are compounded by the relatively short
period when large numbers of birds are present (May through October) and
the changes in habitat and geographical area use that occur during this
time. The activities of birds while in Norton Sound inelude spring
migration pre-nesting activities, nesting, post-nesting movements to feeding
grounds, pre-migratory staging, and fall migration. Frequently the
different requirements of birds during each activity and seasonal differences
in the productivities of habitats mean that a species will occupy different
habitats and areas as it progresses through these activities.

In order to deal with the above problems and with the limits of the
tinme and resources that eould be spent on this project we attempted to
obtain a broad overview of the seasonal abundance, habitat use, and geo-
graphic distribution of birds in Norton Sound. Large-scale surveys were
conducted, instead of site-specific work that would allow a loOk at the
processes determining bird sbundance and patterns of habitat use. We hope
the data presented here provide a background for sueh st udi es. 1In order
to maximize the amount of data directly related to OCSEAP concerns the
following decisions and assumptions were made:

(1) Cliff colonies of seabirds would not be included in O u r
surveys of coastal bird use. Theseabird nesti ng ecliffs and
adj acent nearshore waters as well as offshore feeding areas used
by eliff nesting species are areas of high bird use and high
sensitivity to oil spills and other disturbances. This appears to
be a generally accepted fact. We did not want to compare the
bird use of habitats such as lagoons with nesting cliffs since
any sort of quantitative differences would be worthless due to
the different processes involved in each habitat. The locations
and sizes of eliff colonies are given in Drury (1980) and in Sowls
et al,(1978).

(2) Regular aerial surveys of shorelines would be conducted
along the coast to provide general information on habitat
and geographie wuse. This would allow broad-scale deter-
minations of habitat use and the locations of any large bird

aggregations.
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(3) Large areas of coastal wet tupdra (wetlands) would be
given special attention. Wet tundra areas identified by Drury
(1980) and by our coastal habitat mapping were sampled both on
nom-shoreline aerial surveys (wetlend aerial surveys) and on
ground-based surveys (land surveys).  Both of these census
methods provided information on densities for the areal ‘tundra
habitats of the wetlands. In addition, the land surveys provided
shoreline densities. No other areas received censusing of birds
from the air in habitats adjacent to the shore and few other
areas had ground-based surveys. We gave these areas extra
attention because:

(a) Drury (1980) found them to be important to larg e numbers
of birds when compared with other areas and habitats of
Norton Sound.

(b) We felt that for many species the majority of their Norton
Sound populations are found in the wetland areas we
stud ied.

(c) These areas trove little coastal relief and ar e periodic ally
covered by storm surges, thus, they are more vulnerable to
merine pollution than aress with eliffs or bluffs abutting
the sea,

(d Many of’ these areas have regular eontaet with seawater by
tidal movement through lagoonal systems, river deltas, or
canals (Stebbins). Such protected littoral aress are the
most sensitive to oil spills in Norton sound (Hayes and
Gundlach 1980), since their fine sediments and vegetation
entrap the oil, causing it to persist for a much longer
period than in areas with more wave action and unvegetated
rocky shores.

Thus, for many species all or much of the data we present are from
wetland aerial surveysor fromland surveys condu cted either in wet| ands or
in shoreline habitats dir eetly adjacent to wetlands, The reader should thus
limit extrapolation of most of this data to other wetland areas only.

B. Sources

The primary sources of informat ion for this report are two seasons of
fieldwork: 5 May to 27 October 1980 and 29 April to 12 September 19$1.
Extensive coastal surveys by air and land dominated the first year of
fieldwork. This required clear definitions and delineations of coastal hab-
itats, which are presented in Chapter IV, Section B, “Coastal Habitat
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Descriptionse” Many of the 1980 surveys were repeated in1981 to measure
yearly variability. The second season of fieldwork also allowed us to study
prey availability and trophic preferences for two maor bird groups.

Previous air surveys of waterfowl concentrations by Drury (1980) in
1975, 1976, and 1977 provide a firm base of comparative data, as well as
clear insights into habitat use. Anayses in the present report that include
Drury's data are clearly noted. Additional data were gleaned from obser-
vations by Woodby at sea in September, 1976 (NOAA ship Diseoverer, RU
196) and at Wales on the Bering Strait from 2 June to 10 September 1977
(RU 72).

Habitat lengths were measured by hand with a map wheel from USGS
1:63,360 series maps. Wetland areas were measured from these same maps
by tracing wetland outlines on graph paper and counting the enclosed
squares. Ground-based knowledge of habitats and extent of wetland ai ded
t hese measurements considerably.

C. Methods

1. Habitat Use Surveys

Surveys were designed to anal yze three patterns:

{1) BHabitat Use — variation inthe numbersof bi rds in the 13 hab-
itats descri bed in Chapter IV, "Study Area."

{2) Sessonal Use — population changes from May through October
onanmont My or twie e-nonthly basis,

(3) Geographical Area Use - variations in the numbers of birds in
each of 15 coastal sections and 12 wet| ands (see Chapter IV and
Figuresito3), and al so wetlands northeast of Wales.

Survey techniques are described below, followed by a listing of the

technique used for specific groups or species of birds.

(a) Land Surveys. Land surveys were done at 14 sites (al wetlands
except at Nome) from Wales to Stebbins (Figure 2; see also Chapter IV,
‘Study Area™). We virtualy ignored large expanses of raised moist tundra
and uplands. We consider this prudent for two reasons. First, low-lying
wetlands are more vulnerable to oil on water than are raised areas; and
second, low wetlands are the richest nesting and feeding sites for water
birds. The high density of birds requires more frequent sampling because
of the tendency for natural variation in numbers to increase with the mag-
nitude of the populations. Thus, more samples are needed to make reliable
estimates of average bird use. Our sampling effortin land habitats reflects
this (Table 2).
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Teble 2. Lengths of ecoastal habitats censused by land surveys,
1980 and 1981,

o ——— - B e o T A o S Y ot . S e e Y s S T e e e e St A o e o e i M TR R S e e A St B Mo S S M s e B o ek e e e T e e Mt S s
e e m S N R R s L S SN RS SRS S R R s s C RS S IS =T SO m o= ==t

Em Walked
Hab { tat Type 1980 1981 Total %
Shorel i nes
Exposed Shores:
With Cliffs 5 0 5 0.2
With Moist Tundra/Uplands 82 9 91 4.5
With Wet Tundra 52 16 68 6.3
On Spits 220 16 236 11.6
Protected Shores:
With Moist Tundra/Uplands 25 15 40 2.0
With Wet Tundra 21 11 32 1.6
On Spits 174 11 i85 9.1
Other Shores:
River Mouth 19 0 19 0.9
Disturbed Shore "7 3 78 3.8
Shorel ine Subtotal 673 81 754 40.0
Tundra
Moist Tundra/Uplaends 210 118 328 16.1
Wet Tundr a 716 234 950 46.8
Tundra Subtotal 926 352 1,278 59*9
Total 1,599 433 2,032 99.9
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Most sites were visited monthly in 1980 (see Appendix 1), except where
we were limited by poor weather or lack of personnel. Imuruk Basin was
surveyed only once because of its relative remoteness from the impacts of
offshore oil development. Fewer Sites were visited in 1981 (see Appendix 2).
In 1981, the Fish River Delta was visited two to three times e month except
for July, and Stebbins was visited once a month in June, July, and August.
Safety Lagoon was visited twice, and Koyuk and Shaktoolik once.

Transects were used as our sampling unit on land. These provide an
index of abundance for birds in each habitat expressed as a number of
individuals per linear kilometer. Our technique was adapted from prior
studies of’ shorebirds in arctic Alaska (Connors et al.1979), simplified for
the wide varieties of terrain in Norton Sound. The technique consisted of
walking a staked line from 1 to 4 km through Oone or more habitats,
counting birds al ong the way. Notes were made on species, numbers, age,
sex, and behavior. Transects were 50 m wide on beaches, including 500 m
of nearby waters, and were 100 m wide on tundra.

The difference in transeet widths necessitates caution when comparing
shoreline and tundra data; this is compounded by the conceptual distinction
between linear and areal habitats. Birds concentrate along the shore
because of the narrow littoral interface of land and water. Birds using the
tundra are more dispersed, and are responding to habitat values broadly
spread over two dimensions. This distinction is made elear in our analysis,
though we do compare shoreline and tundra use where appropriate.

Transects are Most appropriate for eensusing snal | birds such as sand-
pipers terns, and songbirds. Larger birds, part icularly wat erfowl and
cranes, are easily frightened and flush atgreat distances from a walking
Observer,  This creates gross underestimates of their abundance when
counted from land.

Besides transect data, land surveys provided parameters on nesting
phenology for most tundra nesters. Whenever possible, we determined the
dates of egg laying, egg hatching, and ehick fledging. If these data were
not observed directly, we aged eggs by floating (Westerkov 1950) or,
rarely, candling (Weller, 1956). Chicks were aged by approximation using
keys for waterfowl (Gallup and Marshall in Giles 1969), or estimates for
other groups, For almost all species we extrapolated unknown laying,
hatching, or fleding dates from known dates.

(b) Aerial Surveys. We made extensive surveys of Norton Sound
shores from small planes, Vvisiting many otherwise inacc essible areas. These
surveys were of two distinct types: (1) along shorelines, and (2) over wet-
lands; each of these required different techniques and analyses. The
shoreline surveys, described first, were intended to completely sample all
shoreline habitats on a regular basis. The wetland transects, described
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last, were aimed at sampling significant portions of the mest productive
wetlands where birds were most abundant.

All habitats covered on shoreline aerial surveys were censused in close
proportion to their frequency (Table 3) by surveying the entire coast in one
flight. This was not always true for lagoon habitats. 1Inlagoons, we
centered the flight path over the barrier spit so &s to census both the
lagoon side and the sea side of the spit, and only occasionally flew the
intand shores of lagoons. In 19880, shoreline aerial surveys were flown at
least once a month in all coestal sections, and more frequently in those
along the north shore of the Sound (Appendix 3). This was due in part to
the high cost of long flights away from our base in Nome (1980) and
because we flew surveys Whenever we transported personnel by air charter
to our numerous field sites on the north shore. Fewer surveys were flown
in 1981 (Appendix 4), covering all coastal sections in May, June, August,
and September’.

(i} Shoreline Aerial Surveys. \Where surveying the coast we flew
about 50 m offshore parallel to the coastline with an observer on each side
of the plane, counting birds within 200 m of the flight path. Air Speed
averaged 200 km/hour, and altitude averaged 40 m. Datafrom shoreline
aerial surveys are expressed in birds per kilometer of habitat, allowing com-
parisons between habitats, areas, and months.

(ii) Wetland Aerial Surveys. These were flown repeatedly et 13
sites in Norton Sound, and once along the Shishmaref coast (Figure 3)
These wetland sites ere described in Chapter IV, "Study Aree.” Ninety-two
were flown from 31 May to 27 October in 1980 (Appendix 5) and 50 from 6
May to 15 September in 1881 (Appendix 6). These were most frequent from
Safety Lagoon to Koyuk in late summer, when waterfowl were most
abundant. Our efforts add considerably to those of Drury (1980) from 1975
t0 1977 and used the same methods and approximately the same flight paths
as his surveys. Together our data provide the best description of water-
fowl distributions in Norton Sound.

On wetland aerial surveys birds were censused from the same altitude
and over the same transect width as on shoreline surveys, but the speed wes
slower (177 km/hour) and the density of birds was computed as the number
per minute of flight time. In some cases we converted birds per minute to
birds per square Kkilometer to compute the total population for a wetland.
A slower speed than used on shoreline aerial surveys was necessary because
birds are more concentrated in wetlands. Data from wetlands transecis are
not directly comparable to those from eoastal surveys due to the conceptual
difference between linear and areal habitats.
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Table 3. Lengths of shoreline habitats surveyed by air in Norton
Sound, 1980 and 1981.

Total

Percent
Percent Availsble

1 Em Flown

Habitat Type 1980 1981
Exposed Shore:

Cliffs 828 433

Moist Tundra/Up lands 2,666 1,389

Wetlands 575 360

Spits 833 262
Protected Shore:

Cliffs 22 7

Moist Tundra/Up lands 906 192

Wetlands 298 95

Spits 678 197
River Delta 364 201
River Mouth 60 34
Total 7647 3,321

1,261
4,055

935
1,145

29
1,098
393
875

12.1 8.7
38.8 35.'2
8.9 6.7
11.0 9.7
0.3 0.3
10.5 16.0
3.8 5.1
8.4 11.0
5.4 5.8
0.9 1.4
100.1 99.9

!Does not include disturbed beach, which was not censused by air.
Frguentlgndings_and takeof fs of our survey
magde it impractical to backtrack to these shorelines to census such short

distances (sum = 2.7 km).
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{¢) Survey Techniques for Specifie Groups or Species. One or
more of our survey techniques, shoreline aerial surveys (SAS), wetland gerial
surveys (WAS), or land surveys (LS), were used to census the following
species or species groups:

(1) Loons — LS.

(2) Waterfowl -

swans.
Hebitat use - SAS,
Seasonal abundance and geographic distribution -
WAS.

Geese:
Habitat use - SAS.
Seasonal abundance - WAS (SAS for Brant).
Geographic distribution — WAS.

Dabbling Ducks:
Habitat use - SAS.
Seasonal abundance - WAS (LS for Green-winged Ted
and Northern Shoveler).
Geographic Dsibribution - WAS.

Diving Ducks - SAS.

(3} Cranes --

Habitat use - SAS,

Seasona abundance snd geographic distribution — WAS.

(4) Shorebirds -- LS.

(5) Jaegers — LS.,

(6) Gulls —

Habitat use and geographic distribution - SAS (LS for
Sabine's Gull).
Seasonal abundance — SAS, WAS, LS.

(7) Terns - LS.

(8) Passerines - LS.

The above list gives the primary method(s) only; supplementary data is
occasionally presented from other methods.

(d) Projected Populations. Land and air surveys of wetland hab-
ftats and shorelines provided us with bird densities that lend themselves to
extr apolat fon, Extrapolation is justified when the following eondit ions are
met s

(1) The density applies to a representative sample of the wetland or

shoreline habitat.

(2) The area (km2) or distance (km) of habitat to which the density

applies is well delineated.
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Multiplying the density by the area Or linear distance yields relative
population estimates only as reliable as the density and delineation on
which they are besed. The wetland sites for which densities can be most
reliably measured are the moat monotypic in habitat. The Stebbins wetlands
are especially homogeneous, and since our transects of this area were well
dispersed we are most confident of’ our projected populations for that area.
This is fortunate, since this area is aso the larg est and had some of the
greatest densities, and therefore very large populations.

Our most uncertain popul ation values are derived from surveys of wet-
lands at Shaktoolik, Moses Point, and Safety Lagoon, since these sites have
a conglomerate of wet and moist tundras, making habitat delineation diffi-
cult. Data for the remaining sites are more reliable.

2. Trophies Studies

Bird densities are frequently related to the distribution and abundance
of prey organisms and thus an attempt was made to ascertain the primary
prey of common Norton Sound birds. There isa fair amount of literature
describing avian foods, demonstrating that food habits depend greatly on
locale and prey availability. Our intent was to secure modest samples Of
the commonest bird species to determine the primary prey items by stomach
contents analysis. To assess the availability of foods we sampled mud sub-
strates and pond surfaces as described below. AU trophies studies were
performed in 1981,

(a) Food Habits. We collected 157 birds using a shotgun, 55 ducks
and 102 shorebirds (Appendix 7). Most were secured at the Fish River Delta
or southwest of Stebbins. All were taken when they appeared to be
feeding, and immediately after retrieving each bird the stomach and
esophagus were removed and preserved in isopropyl aleohol. Contents of
the tract were sorted, identified, and counted, and voucher specimens of
common or unusual prey types were saved within a week of collection.
Analysis was based on the total numbers of each prey type and the
frequency with which it was found. A biomass anaysis was not made,
although average lengths are given for each type of food. Gizzard as well
as esophageal contents were combined for ducks despite the biases intro-
duced using gizzard contents, particularly seeds, which may be relatively
indigestible (Swanson and Bartonek 1970). This was done because few ducks
had sizeable quantities of food in their esophagi, and because we based our
composition analyses on non-seed items.

(b) Food Availability. Mud substrates of the intertida zone and
pond margins were sampled to measure food availability for probing and
pecking shorebirds. Five cores 20 x 25 em and 4 em deep were collected
in each of the two habitats every 10 days et the Fish River Delta on
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Golovin Lagoon. The same sample size Was obtained once per Vvisit at other
sites. This scheme was patterned after the methods of Holmes (1966a).

We made infrequent plankton tows on ponds using 2 20 X 60 em
‘floating net towed by hand. These gave only qualitative information on
surf ace-active forms, aiding our stomach contents analysis.

We attempted to sample emergent insects using funnel traps (McCauley
1976) because of the dependence of young ducklings on these foods. Our
attempt failed due to the fragility of the traps, and information on
duckling foods is still needed.
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VI. RESULTS
Paert One. Bird Groups

A, All Birds: An Overview

Our discussion Of all birds provides an overview of results and intro-
duces the presentations of data. The first purpose is met by examining the
overall patterns of relative and seasonal sbundance, habitat use, and
g eographic distribution for all birds (excluding eliff nesting species) in
Norton Sound. The second purpose IS met with explanatory comments accom-
panying figures and tables of data.

Caution is advised when interpreting patterns for all birds considered
tog ether since some species or groups of species exhibit trends out of
synchrony with the those of other species. Thus individual species or group
trends may be masked. This is especially true for the less common birds.
Therefore, discussions of each group or principal species will often be more
revealing than the general discussion for all birds presented here.

1. Relative Abundance of Eight Bird Groupss

Appropriate Census Techniques

We grouped birds into eight texonomic categories for the purpose oOf
analysis: (1) loons, (2) waterfowl, (3) cranes, (4) shorebird% (5) jaegers, (6)
gulls, (7) terns, and (8) songbirds. See Appendix 26 for species included in
each group. Note that certain species, notably grebes and hawks, are not
included in this scheme because Of their relative scarcity in coastal
habitats. Peregrine Falcons are discussed briefly in a later Section due to
their endangered status. (Agein, see Drury (1980) for a discussion of cliff
colony birds.)

Relative abundances for these groups were derived using the three
census techniques. (1) land surveys, (2) shoreline eerial surveys, and (3)
wetland aerial surveys (Figure 4). Each survey technique gsve different
results due to:

(1) Size: Large birds are easier to see from the air than small

birds.

(2) Warinesss Waterfowl in particular flush far from walking
observers, making them difficult to census from land.

(3) Location: Wetland aerial data were gathered only over wetlands,
biasing them towards waterfowl; while shoreline aerial data were
gathered only along the shore, biasing them towards such birds
as gulls, Land data were gathered for both shoreline and non-
shoreline habitat but surveys were done only on and adjacent to
wetlands.
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Figure 4. Relative abundance of eight bird
groups W th three survey methods. Data are
from 1980. ‘|’ his shows that wetland aeria
surveys census mostly waterfow, shoreline
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Clearly, shorebirds and songbirds are more easily censused on |and
than from the air, and we used data gathered by ground surveys to discuss
patterns for these groups. Diving ducks are principally coastel birds, and
as with gulls, shoreline aerial survey results describe their patterns best
because we flew many coastal areas where we could not walk. Terrs and
jeegers were censused best from land, though aerial dateis sometimes
adequate and is referred to occasionally. Loons were adequately censused
by all methods, whereas eranes and most waterfowl (excluding diving ducks)
were best censused by aerial surveys over wetlands.

Land and aerial survey data rarely agree exactly on bird densities.
An exception is for Glaucous Gulls seen along shorelines {Figure 5). When
on tundra, these gulls exhibit great curiosity (or animosity) near their nests
and will fly towards walking observers. This tends to exaggerate estimates
of their abundance. Along shorelines, however, they usually ignore walking
bird counters, except to fly away on close approach, and are therefore
more accurately censused on the coast.

2. Habitat Use

Shoreline aerial surveys (Figure 6) reveal the habitat preferences
primarily of gulls, waterfowl, and other larg e birds. These data are
densities averaged from both the 1980 and 1981 surveys, and are best used
t o conpare concentrations between habitats. Aerial surveys ar e better than
ground surveys in this regard, because they covered the entire ecoast,

River delta shorelines and river mouthsr ecei ved the most concentrat ed
use, followed by protected wet tundra shores (on lagoons). Exeept for river
mouths, these habitats are the characteristic types fronting wetlands, and
for this reason we concentrated our land surveys there, and this is why we
employed wetland aerial surveys.

Sea cliffs were also well used, particularly by gulls, and the murres,
kittiwakes, cormorants, and various aleids not dealt with in this report.
Their average densities typically exceeded 200 birds per km of all eliffs in
Norton Sound, and would be far higher than the values presented in Figure
6. Cliffs on lagoon shores recelved low use;, these are principally confined
to Port Clarence and were inhabited by gulls and over 200 cormorants.

Moist tundra, t he conmobnest coastal habitat in both protected and
exposed areas of Norton Sound, were sparsely used, as were spit habitats.
Exposed beaches fronting wetlands were moderately used, though those at
Koyuk were shown to have high densities of smaller birds as censued by
land (see below).

Overall, shoreline aerial surveys showed approximately equal use of
protected and exposed shores by non-cliff nesting birds (17.5 birds/km
compared to 16.5 birds/km). When cliff habitats are excluded from this
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Figure 6. Shoreline habitat use by all birds seen on shoreline
aerial surveys; 1980 ans 1981. Shorelines of river deltas and
wet tundra are wetland shorelines, and these had high densities.
Ri ver nouths also had high densities yet these are limted in extent.
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comparison, prot ected shores received greater use (17.2 birds/km) than
exposed shores (12.8 birds/km). In general, use of exposed shores iS mostly
b y gulls, except at Koyuk, and these use the beach (the high littoral).
Protected shores receive greater use by waterfowl, and overall the exposed
waters are little used by birds actually on the water, except for eliff -
nesting species.

Shoreline aerial surveys can provide total numbers of birds in each
habitat. River delta shorelines and exposed coests backed by maist
tundra/uplands each supported nearly one-quarter of all birds seen (Table
4). Shores with tundre/uplands had high numbers because of their expanse
(35% of shorelines), whereas river delta shores (only 6% oOf shorelines) were
highly productive.

Birds observed onland transects, particularly shorebirds, waterfowl,
and songbirds, showed habitat preferences as depicted in Figure 7. These
land data primarily describe habitat use near wetlands, as this is where we
put our effort. Protected shores had concentrations slightly greater than
exposed shores (43.6 birdskm compared to 35.4 birds’/km, respectively).
Landward of the beach, wet tundra supported over twice the densities
observed on moist tundra. This reflects the greater abundance of insects
and food plants in wetter habitats.

3. Seasonal Use

Spring came early to Norton Sound in 1980 and 1981. Various esti-
rat esby r esi dents placed snowmelt and bresk-up at one to two weeks
earlier then in "averag e" Ye&S.  Birdg respond to an early spring by
migrating north and nesting early, and our observati ons are of early bird
chronolog ies. Years with later springs could be expected to have later
chronologies. A late spring is likely to reduce the nesting success of
certain species, notably swans (tensmk 1973)s

Compounding this yearly variation are the seasonal differences between
east and west sectors of the Sound. Sea ice remains from Port Clarence to
the Bering Strait a few weeks after ice clears from seacoasts in eastern
Norton Sound, and ice may remain at Wales until mid or even late June
(AEIDC 1975). Snow cover also remains late on the west end of the Seward
Peninsula, delaying nesting by tundra breeders. A similar but more
moderate cooling effect is felt on the Y-K Delta, causing laeter sSnow
retention than on more inland Sites.

Few birds were present near shore or on land before Mey each year.
King Eiders moved north through leads offshore of western Norton Sound at
that time, and some murres and cormorants moved north into the Sound as
the ice retreated. By the sec ond week of May, wat erfowl, not ably Pint ails
and Canada Geese, arrived and occupi ed iee openingsand flooded areas
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Table 4. Habitat use by all birds on shoreline aerial surveys.
Data are average values for 1980 and 1981 uncorrected
for effort in each habitat.

Percent of Percent of

Habitat All Birds Shor eline
Protected Shores

Cliffs 0.1 9

Moist Tundra/Uplands 6.9 35

Wet Tundra 95 7

Spits 55 10
Exposed Shor es

Cliffs 9.6 0.3

Moist Tundra/lUplands 22.1 16

Wet Tundra 14.3 5

Spits 4.8 11
Other Shorel ines

River Del ta 23.0 6

River Mouths 3.2 1
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Figure 7. Habitat use by all birds censused on | and
surveys s 1980. Protected shorelines had sonmewhat

4

hi gher densities than exposed shorelines, and wet

tundra had over twi ce the density of birds found on
moi st tundra. Shoreline and tundra densities cannot

be directly conpared; see nethods for explanation.
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near river and stream mouths. Cranes were migrating in numbers by this
time, traveling west towards Siberia along the north coast, many passing by
Nome.

An increase in bird numbers through June is shown by all census
methods (Figure 8).  This represents breeding populations as well as
migrants moving farther north. Numbers drop in July, when only the locally
nesting birds are present, At this time many shorebirds have begun heading
south, and waterfowl begin their molt, becoming inconspicuous.

Populations build agein in August, reaching a peak in September when
waterfowl| stage before heading south. This is the prime use of Norton
Sound wetlands. Smaller birds, shorebirds, and songbirds are on the decl i ne
in Sept enber as shown by lend surveys. In Oetober gulls are abundant
along shores, having come south as ice advances in the Beaufort and
Chukehi Seas. Many are immatures.

4. Geographie Distribution

Populations vary considerably between coastal sectors, and these
differences can be shown with data from all of our survey methods. The
choice of data set depends on the bird group in question. This section will
look at distributions of all birds along Norton Sound coasts, with all three
methods, to explain the interpretation of each. Note that our data may be
expressed as either densities or total numbers. Densities are useful when
comparing the relative uses of unequal areas, such as coastlines while
totals make it easy to compare the absolute use of discrete geographic
units. Since it is not possible to count all birds on a wetland area from
the air or the ground the samples taken must be projected to totals (see
Chapter v, "Sources, Methods, and Rationale of Data Collected’), and the
results MYy not always be reliable.

Shorel i ne gerial surveys averaged for 1980 and 1981 (Figure9) show
peak shoreline densities in Golovin Lagoon (86.2 birds/km), with next highest
densities from Koyuk to Cape Denbeigh (33.7 birds/km). The lowest
densities were found from Nome to Cape Nome (5.0 birds’/km). The average
number of birds per flightin each section was highest along the shores of
Golovin Lagoon (4,800 hires) and nearly as high from Cape Nome to Rocky
Point (Safety Lagoon area) and from Koyuk to Cape Denbeigh (about 4,000
birds each).

Wetland aerial data are given in Figure 10, These data describe
populations on the wet tundra landward of the beach, as densities of birds
(birds per minute) and also as projected totals. The highest densities are
found again at the Fish River Delta on Golovin Lagoon, with slightly lower
densities at Moses Point, Koyuk, and southwest of Stebbins. Due to the
very large area at Stebbins, itS wetlands harbored an average projected
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totel of over 12,000 birds in each flight. This result is quite different
from that found on shoreline surveys (Figure 9, Section 14), because the
shoreline southwest of Stebbins received low bird usage, whereas the wet-
lands behind the shore were heavily used,

Projected totals of approximately 3,000 to 5,000 birds per flight
resulted for wetlands at Imuruk Basin, Fish River, Moses Point, and Koyuk.
Lesser numbers were found at Safety Lagoon, with progressively fewer at
Shaktoolik, Stuart Island, the Flambeau/Eldorado Riversand then Port
Clarence. Unalekleet was little used. All these data were highest in late
August and September (except for Port Clarence, where spring totals are
highest), and primarily represent wat erf owl and gulls.

Land surveys (Figure 11) show peak concentrat ions of wat erf owl,
shorebirds and songbirds at Port Clarence, Safety Lagoon, Koyuk, and
Stebbins (70 to 80 birds/km), These data are for wetland transects in 1980
and do not include shoreline counts. The lowest concentrations were at
Nome and Shaktoolik (16.8 and 13.2 birds’km), with fairly low densities at
Woolley Lagoon (23.1 birds/km). The projected totals of birds on land are
quite high for the Stebbins wetlands (134,000), with large populations at
Koyuk (44,000), safety Lagoon (28,000), and Moses Point (24,000).
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B. Loons

Loons are a conspicuous part of the avifsuna Of Alaske. All four
species of loons occur in Norton Sound. The Red-throated Loon and the
Arctic Loon are common breeders and migrants, whereas the Yellow-Billed
Loon and the Common Loon are rare migrants or strays. Withlarge,
streamlined bodies they are adapted for swimming and diving, and are found
onland only when breeding. In the following discussion data from land
surveys are used almost exclusively because aeria densities were so low as
to be relatively uninformative.

In coastal Norton Sound, both Red-throated and Arctic Loons nest
predominantly in low-lying, coastal wet tundra. Red-throated Loons feed
almost exclusively atsea during both breeding and migration, while Arctic
Loons feed mainly in tundra ponds during breeding, and offshore during
migration (Bergman and Derksen1977), Both species vacate Norton Sound
from October through April, migrating down the coast to winter in neear-
coastal waters from southern Alaska to Baja California (Gabrielson and
Lincoln 1959). These patterns of habitat use make both species quite vul-
nerable t0 oil spills throughout their yearly cycle.

1. Heabitat Use

The most important breeding habitat for loons was wet tundra, with its
mosaic? of lakes, ponds, and channels (Figure 12). Arctic Loons select
larger, deeper, and more open lakes for nesting sites than Red-throated
Loons (Bergman and Derksen 1977). Moist tundra had low loon densities.

The two loon species often feed in different habitats. Bergman and
Derksen (1977) report that in the Beauf ort Sea Red-throat ed Loons, in
particular, feed mainly on marine fish, and bring these fish back to their
young. They found that Aretiec Loons feed both in marine waters and wet-
land ponds, and almost always feed their young invertebrates from tundra
ponds. Although we did no feeding studies of loons our habitat use data
suggest a similar pattern for Norton Sound. Arctic Loons were seen 80% of
the time on wet tundra, as compared to only 63% of the time for Red-
throated Loons. Arctic Loons were far more eommon on channels (e.g. at
Stebbins and the Fish River Delta) than were Red-throated Loons, although
we made no quantitative observations to support this. Red-Throateds were
seen more often (32% of observations) in shoreline habitats, particularly
exposed shores (29%), than were Arctic Loons (16% of all shorelines, 12% of
exposed shorelines), For both species, exposed shorelines were more often
used than prot ected lagoonal wat ers, indic sting that less prey may be avail-
able in the lagoons. Exposed shores of moist tundra/uplands and of spits
both hosted much higher densities than did exposed shores of wet tundra
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Figure 12, Habitat use by Arctic and Red-throated Loons. Data are from
1980 | and surveys. Exposed shorelines received greater use than did
protected shores, and on land, wet tundra had many nore | oons than did

noi st tundra.
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This implies that exposed shores of moi st tundra/upl ands andof spitsoffer
more food to loons than may be found along shorelines near their nests,

2. Seasonal Use

May loon densities were quite low (Figure 13) because loons were still
arriving from the south., Densities remained fairly constant in June and
July. Red-throated Loons began leaving Norton Sound soon after their
young fledged in early to mid August, thus the large drop in density from
July to August. Arctic Loon chicks did not fledge until late August, SO
densities remained ‘high until September,

3. Geographie Distribution

Stebbins had the highest loon densities in coastal Norton Sound.
Koyuk, Imuruk Basin, Moses Point, the Fish River Delta, and Port Clarence
also had high densities of loons (Figure 14), Stebbins had the largest
population of Arctie Loons (largest wetland and highest density), They
were much more common there than Red-throated Loons, though Hersey
(1917) and Nelson (1887) reported that Red-throated Loons were the most
abundant of the two.  Koyuk,Moses Point, and the Fish River Delta aso
had relatively high densities of Arctic Loons, The deltas of the Agiupuk
and Kuzitrin Rivers, which drain into Imuruk Basin, had the highest Red-
throated Loon densities. Port Clarence and Koyuk also had high densities
while those at Stebbins were quite low.

‘T'he differences seen in the geographic distributions of the two
species may be directly related to differences in their feeding habits.
Red-throated Loons are most common in the western Sound where the marine
environment is most productive; they are principally marine fish eaters (see
the "Habitat" section, above). The areas where Arctic Loon densities were
highest are where ponds and lekes associated with wet tundra are most
common; these loons feed mainly in tundra ponds and channels (see the
"Habitat" section). Waterfowl densities were highest (see Figure 20 in the
"Wat erfowl" sec tion, below).

4. Nesting Phenology

Arctic Loons arrive one to two weeks later than Red-throated Loons,
and also have alonger fledging period, Consequently, they leave |ater
t han Red-throated Loons. Both species leave shortly after their young
fledge. Few hirds of either species were seen in winter plumage, so they
apparently do not molt in Norton Sound.

The first Red-throated Loons were spotted on 11 May 1980 and 6 May
1981, We found four nests in each year. Eggs were laid as early as 24
May, with peek laying around 29 May (Figure 15). The normal clutch size
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was two. These began hatching 19 June, with peak hatching around 24
June. The incubation period is 24 to 29 days (Harrison 1978); a 27 day
period was assumed for Figure 15, Although both chicks generally hateh
out one of them usually dies before it is 14 days ald (Bergman and Derksen
1977, Bundy 1976). Fledging began about 31 July, with a peak around 4
August; this happens about 6 weeks after hatching (Bundy 1976). Loons
left the breeding grounds shortly thereafter, and failed br eeders may | eave
even earlier. No Red-throated Loons were seen after 6 September 1981 (no
record, 1980).

‘I"he first Arctic Loons were seen on 19 May 1981 (no record, 1980).
They appear to be paired when they arrive, or pair shortly thereafter. In
each year we located 4 nests. We found the first eggs on 27 May, with
peak laying around 31 May. The incubation period is 28 to 29 days
(Harrison 1978).  Hatching began 23 June, with a peak around 28 June.
Eggs that hatched later than 7 July were probably replacement clutches.
Normal clutch Size was 2 eggs, but Arctic Loons will lay a single egg to
replace a cluteh lost in the first week of incubation (Bergman and Derksen
1977). Fledging occurs about 8 weeks from hatching (Harrison 1978). The
first fledglings appeared 22 August, with most fledged by 27 August.

Arctic Loons began leaving the area at the end of August, though some
birds were seen on 29 September 1980.
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C. Waterfowl

This section examines the general trends of seasonal abundance,
habitat use, and distribution of all waterfowl in Norton Sound. waterfowl
will be discussed in three groups: swans, geese, and ducks. The swan group
contains one species, the geese five, and ducks 24. Ducks are further
divided into dabblers and divers based on feeding strategies. More detailed
accounts Of’ each of these groups will be found in subsequent sections,
Trends unique to any of these groups may be masked in the following
generalized account. This section ends with an overview of subsistence
waterfowl use.

Ducks made up 69% of the total waterfow!| populationin the study
area (Figure 16), with Pintails being the most sbundant. Geese accounted
for ebout 26% of the totael, and Canada G eese were the most abundant of
these. Whistling Swan, the only species of swan in Norton Sound, totaled
5% of all waterfowl. These proportions are virtually identical to those
found by Drury (1980) for surveys from Point Spencer to Shaktoolik in late
August, 1977,

Norton Sound was most important to waterfowl during fall migration
when thousands of ducks, geese and swans converg € upon the wetlands,
developing fat reserves before their trip south. Norton Sound plays & rela-
tively minor role in the production of waterfowl in Alaska, while the nearby
Y-K Delta and areas north of the Sound are prime nesting grounds (King
and Lensink 1971; King and Dau 1981). The birds that did breed in Norton
Sound began nesting by the third week in May, and the first chicks
hatched during the second week in June. Most chicks fledged during late
July or early August. Swans did not fledg e until late August or early
September.

Wetland aerial transect data and shoreline aerial survey dsta were
used to analyze patterns of waterfowl use in Norton Sound. \tland aerial
transects were mostuseful for examining differences between areas and
differences in seasona use, because the vast msjority of waterfowl occurred
in wetland habitats. Shoreline aerial surveys were best used to describe
differences in shoreline habitat use, while land transects were most useful
for collecting nesting deata.

i. Habitat Use

Waterfowl were most abundant on river deltas and wet tundra
(wetlands) adjacent to lagoon shores (Figure 17). These habitat types
provide suiteble nesting areas and adequate food supply for most species,
The many ponds act as refuges and feeding areas for, juveniles or molting
birds, Wetlands adjacent to sea beaches were fairly important for water-
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fowl, but less so than the wetlands associated with lagoons. River mouths
were used regularly by waterfowl, but mainly for feeding purposes or when
these sites offered the only open water in early May. Moist tundra
contains ripe berries (Crowberries, Empetrum nigrum, and blueberries,
Vaccinium spp.) IN the fall and was frequented by Canada Geese. These
berry-rich areas next to | agoons were preferred over the same habitat next
to exposed coasts,

Shorelines associated with eliffs were used by diving ducks but only as
feeding areas. Consequently, these ducks were present at cliffsin very low
numbers throughout the season. Late migrants used this habitat through
October, since the water around cliffs was some of the last to freeze, The
sand spits associated with lagoons were used chiefly by ducks for molting
and roosting, and these areas were of minor importance to wat er f owl in
general. Before break-up, ice-free areas on or near wet tundra were used
extensively while little use was made of the offshore ice edge.

2. GSeasonal Use

Spring populations of most wat erf owl were far [ ower than in late
summer (Figure 18) The arrival of nost waterfow to Norton Sound in
spring coincided Wi th the breakup of river and sea ice. In early May, open
water Was scarc e, and waterfow were mostly restricted t0 these openings.
Most migrants had passed through Norton Sound by the first of June, and
those birds that remained were either paired adults that nested in the area
or flocks of non-breeders (see "Ducks - Prarie Droughts’ later in this
report). Nesting occurred between late May and mid-July and was followed
by a month-long molt, when most waterfowl were flightless. Some males and
non-breeders left coastal wetlands and sought out inland sites to molt,
while those that remained, including parents with broods, became incon-
spicuous and sought eover in tall vegetation until they sprouted new flight
feathers. These phenomena caused the July low in our census estimates,

Waterfowl began to concentrate in Norton Sound in early August. By
late August, many large flocks of staging birds were present in the river
deltas and wetlands. These huge aggregations remained in the area until
mid to late September, and some species stayed into October.

3. Geographie Distribution

Late summer distributions are discussed before spring distributions
because thatis when waterfowl populations in the Sound are greatest. In
late summer waterfowl were concentrated at wetlands in northeastern Norton
Sound and at Stebbins. Projected populations (Table 5), based on wetland
aerial survey densities were great est a wetlands of Stebbins, Moses Point,
the Fish River Delta, and Koyuk, though there was mueh variation between
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Table 5. Maximem late summer waterfowl populations on wetlands.

Vet | and Area

Port Clarence
Imuruk Basin

Cape Wooll ey to
Sinuk

Eldorado and
Flambeau Rivers

Safety Lagoon
Fish River Del ta
Moses Point
Koyuk

Shak tool ik
Unalekleet
Stuart Island
Stebbins

20.2 710

34.6 1,199
38.5 6,381
49.9 8,734
61.4 3,174
51.3 896
14.6 30
22.0 422

p =g

1Birds per observer minute (wetland aerial survey densities).

2

3Data from Drury (1980).

4Actual count s are higher than proj ect ed values, due to | ong census periods.

88.8 1,510

85.6 2,688

145.0 6,381°

311.9 13,105
158.7 8,205
64.0 2,764
26.6 327
35.2 652
115.6 16,450

38.0 3,728

150.0 4,711
239.4 9,099
63.3 2,660
150.0 5,428
89.4 3,861

83.3 1,543
81.6 11,612

2,351

1,962
14,288
10,266

5,475

1,758

Based on BPOM, an aver age flight speed of 177 km/hr, and an observation swath of 400m for each observer.



1980 end 1981, particularly at Moses Point. We consider these projected
numbers to be reasonably representative of relative populations, as they are
based on systematic ally gathered densities projected over a reliable estimate
of hebitat area used by waterfowl. They are surely conservative, as we
have not used correction factors to account for the percentage of birds
missed by aerial surveys. Actual counts were highest at the Fish River
Delta.

Low counts on wetlands at Port Clarence, from Cape Woolley to Sinuk,
at the Eldorado and Flambeau Rivers, at Unalakleet, and at Stuart Island
are principally due to the small extent of suitable habitat in these areas.
Shaktoolik wetlends are not as favored by waterfowl as are similar areas at
nearby Koyuk, and we do not have an explanation of this. Drury (1980)
made the same observation and was also without an answer.

High populations at the heavily used sites may stem from their position
on migration routes, their attractiveness to waterfowl for feeding, and their
productivity of young waterfowl in summer. Migration routes are detail ed
later in the group accounts, Briefly, routes from the Are tic over the
Seward Peninsula mey channel birds into Golovin Lagoon and to Koyuk.
Stebbins may receive an overflow of birds from the Y-K Delta. High quality
habitat for feeding and nesting may be similar, possibly due to periodic
flooding, both from spring runoff and from coastal storms. ‘These floods
(discussed more in the ™Irophic Systems" section) serve to replenish wet ! ands
with nutrients.

Maximum late summer densities varied considerably between 1980 and
1981 for certain areas (Figure 19). A major gain from 1980 to 1981 was
shown for the Safety Lagoon system, and for the wetlands at Koyuk,
Shaktoolik, Stuart Islend, and Stebbins, The Moses Point area showed a
steep decline between years. These differences reflect the wvariability in
northern waterfowl populat ions, and in their choic e of staging and feeding
areas. Whether these reflect changes in wetland qualities or shifts in
migration patterns is not known,

Of note are the high counts of ducks, geese, and swans made in 1977
by Drury (1980, Table 5). These are higher than 1980 and 19881
numbers, partly because the flight covered more area at each wetland in
search of floeks, while our flights W er e over established courses. They
may, however, be higher because Of' actual differences in populations, and
this may be due to drought conditions in the prairie regions. Briefly, many
prairie ducks, finding dry conditions on their nesting grounds, continue
migration to the north and west, resulting in markedly higher populations in
Aleska, Although both 1980 and 1981 were dry years for prairie ducks, as
w as 1977, refugee populations in 1977 may have been greater. This pheno-
menon is more fully discussed in the duck section.
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Spring densities (June) ahowed great variation as well, generally with
higher densities in 1981 ('Figure 20). This was true at Moses Point and is
the opposite of the trend noted for late summer peak densities (Figure 19).
The Fish River Delta showed & decline from 1980 to 1981, and as for late
summer, the eastern wetlands at Port Clarence, Inuruk Basin, and Safety
Lagoon were relatively stable,

Projected populations for each major wetland in spring Show vyear to
year changes paralleling those of densities (Table 6). The biggest shift
was shown for wetlands at Stebbins.

4. Subsistence Use :

Subsistence use ef waterfowl deserves full attention when addressing
possible impacts of petroleum development and mitigating measures.
Weaterfow! are exploited by natives for subsistence purposes primarily during
spring and fall migration. Little hunting is done during the breeding
season, and egg ing is only occasional. During spring mgrati on where ice
covers much of the | and and sea, wat erfowl are concentrated in the few
areas of open water. Pintails are the main species taken during this time,
but Canada Geese and other species are also taken. During the last two
weeks of May, nigrating Brant funnel into wetland areas in northern Norton
Sound and western Sewar d Peninsula. The predictebility of their migration
paths makes them a mueh exploited speeies during their short passage.
Hunters told us of kills as high as 50 birds per day, and 10 per day is not
uncommon on Golovin Lagoon in spring. These Brent are an important
dietary item during these times.

During fall migrat ion, Pinteils are again the duck species most taken,
while Canada Geese are present in much greater numbers than inspring and
are an important food species as well. Brant are an important food at
wales*



D. swans

Swans reach Norton Sound via interior migration routes from the
Atlantic coast., 60,000 adult Whistling Swans oecur on Alaskan breeding
grounds each year, compared to 30,000 in Canada, and 40,000 of those
breed on the Y-K Delta. The estimated breeding population for the Seward
Peninsula (both north and south sides) is 1,000 birds, and for St. Lawrence
Island, 100 birds (King in Bellrose 1976).

Many of the swans encountered during this study were non-breeders,
i.es birds in their first or second year. These birds were seen in floecks of
up to 175 birds in late May, but those flocks dispersed into smaller flocks
numbering less than 15 birds each during June. The breeding adults, birds
three years and older, were mostly paired when they arrived on the
breeding grounds. Only three nests were found in 1980 and three in 1981,
although numerous broods were observed from the air.

1. Habitat Use

Habitats most preferred by Whistling Swans in Norton Sound during
migration and staging were shorelines of river deltas and similar wetland
habitats (Figure 21). Nesting occurred in wetlands as well as on lakeshore
well above wetlands; their preferred nesting habitat is a mixture of wet and
upland tundras (King and Dau 1981). Shallow waters provide the aquatic
tubers and other submerged vegetation that adult swans feed on almost
exclusively (Bellrese 1976). Larger ponds were also used asrefuge by the
unfledged cygnets as well as the flightless adults during mid-summer.

2. Geographiec Distribution

Swans were most numerous in the inner and southern sectors of the
Sound. The Fish River Delta, in particular, the wetlands of Koyuk, and
t hose southwest of Stebbins were the areas most used by swans (Teble 7).
These areas were especially important as staging sites in the fall (see
below), whereas the Fish River Delta was home to a small population of 200
or more non-breeders in spring and early summer before the molt,

Small numbers Seen in other sites may represent gatherings of local
breeders prior to staging with the larger congregations.

3. Seasonal Use

Swans that nest in Norton Sound arrive early. Though the tundra was
still under a nearly complete cover of snow, the first swan egg was laid at
Koyuk on or near the 10th of May, 1980 (Figure 22). First egg dates for
the Fish River Delta in 1981 were 17 May and 30 May. Early nesting is
highly advantageous for swans, as their nesting season may last 95 to 100
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Fiqure 21. Habitat use by swans.
surveys. This shows a strong affinity for wetland shores.
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Table 7. Peak numbers of swans observed om wetland eerial

surveys.

e e e T e e o e o e e e e e g e S A T e e e = T o e e e W= e A e - e S e s e = e o S o e M o= = Ty gt W W

1980
Me/ Dat e

No.

1981

Me/ Dat e

No.

1975 -1977
Mo/Dat e/Yr

Port Clarence
Imuruk Basin

C. Wooll ey to
Sinuk

Saf ety Lagoon
Fish River Delta
Moses Point
Koyuk

Shak tool ik
Stuart Island

Stebbins

150

1,602

54

57
1,085

8/11-20/76

8/29/75

8/26-31/77
8/26-31/77
8/26-31/77
10/1/76

8/26-31/77

‘Data from Drury (1980).
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days (Bellrose 1976). Late springs reduce productivity of swans, and Lensinx
(1973) has found the timing of break-up and snow melt on the Y-K Delta to

be a fairly reliable predictor of swan production there, having more effect

thanfactors such as predation. Thus, a lack of any aggregation of birds

in May (Figure 23) may be explained by breeders heading directly for their

nesting grounds. The small numbers present in coastal floeks in June and

Ju.1y are mostly non-breeders.

In July, after the cygnets hatch, all but juvenile swans enter a
molting period when they are flightless for 30 to 40 days (Bellrose 1976).
In preparation for the molt, non-breeding flocks apparently move to areas
with higher vegetation, causing a low in coastal populations in late July.
Swans present in coastal wetlands at this time may be mostly breeding
adults that remain with their young in the vicinity of the nest.

By late August and early September, most young began to fly, and
staging populations reached their peak in the first two weeks of September.
The sequence of fal events at the three mgor sites are as follows (Figure
24 and Table 7)%

Fish River Delta. = Swan numbers increased dightly in early August
and rapidly in late August, peaking in early September at 445 in 1980,
1,602in 1981, and 1,085 at the end of August in 1977 (Table 7). Numbers
dropped drastically in late September, and a few stragglers may have
remained into early October.

Koyuk Wetlands.  Numbers at Koyuk peaked somewhat earlier than
at the Fish River Delta but both areas had similar peak numbers on 3
September 1980 (Table 7). The 1981 maximum for Koyuk was considerably
below that of the Fish River Delta, however. Birds stayed lat er at Koyuk,
and 442 were observed there by Drury (1980) on 1 October 1977.

Stebbins Wetlands. Swans gathering here probably come mostly
from the Y-K Delta, as well as from nearby nesting areas. Numbers peaked
in early September as at the Fish River, and lingered as at Koyuk, with
maximum numbers of 50 on 6 September 1980 and 985 on 10 September 1981.
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E. Geese

Most geese seen in Norton Sound were either e N route te more
northerly breeding grounds during spring, or returning from those areas and
congregating in northern Norton Sound during fall migration. Few nested
in the study erea.

We observed five species: Canada Geese, Brant, Snow Geese, Emperor
Geese, and White-fronted Geese. Canadas were by far the most abundant,
making up 86% of all geese seen. Brant were second in ebundance at 10%,
followed by Snow Geese at 5%, Emperor Geese at 1%, and White-fronted
Geese were reare,

Except for Snow Geese, the mgjor nesting area for all species in
Alaska is on the Y-K Delta; Kotzebue Sound (Selawik area) also attracts
some breeding Canade and White-fronted Geese (King and Lensink 197 1), °
Only Canada and Emperor Geese bred within the study area, and the number
of nests wes minimal.

1, Canada Geese

At lesst two races of Canada Geese breed along the west coest of
Aleska. The entire population of one, the Cackling Goose, can be found on
a 16 km wide strip of coastel tundra between the Yukon and Kuskokwim
Rivers. Lesser Canada Geese, the race present in Norton Sound, breed
throughout interior Alaska as well as on the arctic coastal plain. They are
the only Canada Goose known to migrate north elong an entirely different
route from that used in the fell (Bellrose 1976). This clockwise migration
corridor leads t hem salong inland routes in spring. In fall, almost the

entire Alaska population of Lesser Canadas funnel south from Kotzebue
Sound through Norton Sound, to the Y-K Delta and Izembek Bay, where they
stag e before heading further sou th. This population numbers about 100,000
birds in fall (King and Lensink 1971).

As mentioned earlier, few geese nest in Norton Sound, and we found
only three nests in t WO years, all on the Fish River Delta. Two of these
wer e probably by the same pair nesting on a hummock used in both 1980
and 1881,

{a) Habitat Use. Canada Geese were in concentrated f| ocks during
their south migration with few habitats being expl oited (Figure 25).
Densities were highest at river deltas and similar wet| ands whiech offer the
aquatic plents, including eelgress, that many geese consume. Canadas were
also ¢ ommon on moist tundra, where they fed extensively on berries

DELrum mgrur aceinium: spp.) that grow abundantly on moist tundra
hillsids, We observed ﬂocks of several thousand on the southwest side of
Golovin Lagoon foraging in the moist tundrs, and t hese later noved to the
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SHORELINE HABITATS:
PROTECTED SHORES
CLI FFS none

MO ST TUNDRA
VWET TUNDRA

SPI TS

EXPOSED SHORES !

CLIFFS none

40IST TUNDRA .

VWET TUNDRA

SPI TS name

OTHER SHORELINES

RIVER DELTA

RveR ot
;
} . : ‘
0 2 4 6 8 10 12

BIrRDS PER KI LOVETER

Figure 25. Habitat usebyCanada Ceese. Data are from 1980 shoreline
aerial surveys. Highest dyen3| ties were along wetland shorelines (river
delta and wet tundra shores) and these were in late summer and fall.
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tidal flats at the head of the Fish River Delta. Daily movements from one
foreging erea to mother, or to roosting sites, are probably common for
Canadass, particularly With occesional blasts by hunters that may prompt
thousands of birds to teke to the air.

{b) Seasonal Use. Very few Canada Geese were present in Norton
Sound during spring of 1980 and 1981 (Figure 26), and no significant

migration was noted at the Akulik-Ingluteiik Delta south of Koyuk in spring

1977 by Shields and Peyton (1979), The few flocks seen by them and by us
were proebably stregglers from the inland migration routes used by birds en
route to Kotzebue Sound.

In July, the Canada GooOsSe population was near zero except for the
few br'ceders. By late August, they became increasingly ebundant in the
wetlands around the Sound, and in mid-September they reached peak abun-
dence, decreasing rapidly soon afterwards. We are not sure of the
residency period of a flock in Norton Sound. The evidence suggests
they may pess through in & matter of a few days, as there are from 70,000
to 100,000 passing through (Bellrose 1976), and our greatest counts do not
total more than 5,000 to 10,000 (see ™Distribution" below).

Shields and Peyton (1979) noted only a minor fall migration in 1977
south of Koyuk, and this peaked feirly early (16 August) with only 200
birds that day.

{c) Geographie Disteibution, AU ereas were used minimally by
Canada Geese in May, June, and July. In August, geese became common at
wetlands of Koyuk, Moses Point, and the Fish River Delta with lesser
numbers at all other sites and almost none near Stebbins and on Stuart
Island (Table 8). During pesk migration, the Fish River Delta and adjacent
areas of Golovin Lagoon received the heaviest use. This was also true in
1976 and 1977 (Drury 1980). Higher counts in those years are probably due
to more extensive surveying Of all available habitat on Golovin Lagoon, as
well as real population differences. Note that the high count of 5,600 (in
1879) was reached in late August, well before migration peaked in the later
survey years.

We observed Canada Goose flocks coming into Golovin Lagoon from the
northwest (9 September 1980) and reason that many of the geese there had
followed river drainages across the Seward Peninsula (Figure 27). A similar
situation is found at Koyuk, where geese probably arrive after flying from
interior Kotzebue Sound over the low pesses. Canada Geese my also fly

that

past the western tip of t h e peninsula and may then head south and east

towards the Imuruk Basin from Wales end then into Golovin Lagoon.
Otherwise, they may continue south from Wales, stopping along Norton
Sound's outer coast, or head directly south for Izembek Bay. A remarkable
lack of Canada Geese at Stebbins suggests offshore or far intand migration
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Table 8, Maximuwm eounts of Censda QGeese at Norton Sound
‘ wetlands. Data are from wetland aerial surveys im 1976,
1977, 1980, and 1981,

1980 1981 1916 pe77l
8/26-31

Vet and Ar ea No, Mo/Dat e No. Mo/Deate No. Mo/Date No.
Port Clarence 330 8/16 561 9/5 141 9/24 200
Imuruk Basin 200 9/2 331 9/5
C. Wooll ey 112 8/23 239 9/24 A7
to Sinuk
Fl ambeau and 430 9/24
Eldorado Rivers
safety Lagoon 600 9/23 240 /12 408 9/24 3?5
Fish River 1,935 9/10 1616 9/5 3,860 9/9 5,620
Del ta
Moses Point 872 9/23 574 9/10 8g2 9/9 1,630
Koyuk 1,019 9/23 1,025 8/28 570 10/1 719
Shak tool ik 608 9/29 572 9/10 185 10/1 854
Stuart Island 3B 9/8 50 98/10
Stebbins 0 100 8/28
1

Date from Drury (1980).
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routes that bypess thiS otherwise productive area.

2. Brant
Brant were migrants in Norton Sound end were not found to nest

there. They were mostly found along protected shorelines and along river
delta shorelines (73% of shoreline serial survey sightings).

{a) Spring Migration. They are most common in spring (Figure 28).
On their way north, Brant cross the Gulf of Alaeske from their Pacific coast
wintering grounds to gather at Izembek Bay on the Alaska Peninsula. In
mid-May, they depart northward (Gill et al. 1979) to breeding sites along
the ecoast of the Y-K Delta, Kotzebue Sound, end the arctic cossts of
Alaska, Canada, and Siberia.

Bailey (1948) judged that most Brant cut across the base of Seward
Peninsul a rather then passing through Bering Strait (Figure 29).
Observations by Woodby (unpublished) at Wales in 1977 support this, as few
Brant were seen from 2 June on into the summer.

Meny Brant ere seen {and eaten) each spring in eastern Norton Sound,
though our survey turned up large numbers only at the Fish River Delta
(Table 9). We did not fly wetland surveys until 31 May in 1980, so 1981
counts during Brant migration in mid to late May are higher. Shields and
Peyton (1979) noted @ peak migration of 1,800 Brant heading north along
the east shore of Norton Bay on 25 May 1977, and they estimate that 3,000
Brant used this route between 19 May and 2 June. These Brant may have
come vie the Yukon basin (interior Alaska) as noted by Cade (1955) and
Irving (1960). Many of these probably continue north of Koyuk across the
Seward Peninsula into Kotzebue Sound. An annuel spring migration of
Brant move west from inner Kotzebue Sound along the north shore towards
Cape Krusenstern {Bob Uhl, pers. conm.), and these may include the birds
passing through Norton Bay as well as birds coming from the interior and
bypassing Norton Sound.

At Golovin, Brant make an snnual passage in late May into Golovin
Lagoon and then on towards the northwest (David Olson, pers. camm.). We
observed this between 15 and 31 May, and on 18 May estimated a peak
passage of 1,500 birds with a maximum rate of 800 per hour. These ceme
from the southwest. Total spring migration through the Golovin area was at
least 4,000 birds in 1981, The first migrants are adults, while later birds
are immatures (less than three years old) end non-breeders (Gill et el. 1979;
Stanley Amerok, pers. comm.)

Migrants moving north across western Norton Sound may touch down at
Port Clarence end nearby areas before passing through the strait. We
noted small f| ocks totaling 101 at the base of Cape Spencer between 29
May and 3 June 1980, and spotted a flock of 117 from the air on 3 June
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Figure 28. Seasonal abundance of Brant, Data are from 1980
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Figure 29,

Migration routes of Brant through Norton Sound in spring and io

late summer and fall, Coastal areas are visited most heavily in spring.




Teble 9.

Maximum counts of Brant et Nortorn Sound wetlands. Data

are from wetland aerial surveys in 1980 and 1981.
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Port Clarence
Imuruk Basin

Cape Wool 1 ey
to Sinuk

Safety Lagoon
Fish River Delta
Moses Point

1980’

No Mo/Date
553 6/30

72 8/16

25 9/17
161 6/11
255 6/7
275 5/31
185 9/6

220
1,532
604

15

LEarliest survey date in 1980 was 31 May, and most adult Brant had
probably pessed north by then.
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1981,

Migrant Brant flocks appeared to remain along shorelines for short
periods and were not making extensive use of the littoral habitats.

{(b) Lete Summer Migration. Adults and young returning in late
summer may pess exclusively through Bering Strait. Wales people depend on
this heavy migrat ion in late August, for subsistence hunting. We found
very few in late summer in Norton Sound wetlands, and conclude that most
fly directly south towards Izembek Bay, where they stage for their
migration across the Gulf of Alaske., Norton Sound migration routes are
summarized in Figure 29.

The estimated adult population of Brant nesting in the arctic is
approximately 17,000 (King in Bellrose 1976). Since the estimates given
above f or migrant numbers at Koyuk and Golovin are low (&s uncorrected
counts inveriably are), it is reasonable to conclude that much of the arctic
Brant population paesses through eastern Norton Sound in spring -
Lehnhausen and Quinlen (1982) have evidence verifying overland migration
routes from the Bering Sea to the Aretic, bypassing their study site at ley
Cape in the Chuckehi Sea.

Brant are strictly sea geese and feed mainly on eelgrass in the winter
(Einarsen 1965). Eelgrass beds in Golovin Lagoon mey attract them there
in spring, since Brant commonly arrive at Golovin arcund 24 May (Phillip
Dexter, pers. camm.) shortly after the average date of ic e break-up (23
May, AEIDC 19875). McRoy (1969) found vieble eelgrass under the ice at
Safety Lagoon in March metabolizing and growing new tissue. Brant were
found to arrive at nesting grounds on the Colville River near Prudhoe Bay
where growth of sedge and gress shoots peaked (Kiera 1982).  Brant
stomachs tak en at Golovin are often full Of’ shoots (Tommy Punguk, pers.
comm,). Eelgrass may be important in their diet there, though Pinteils find
an adequate sedge shoot crop on flooded tundra in spring, and Brant may
do the same (see "Trophic Systems'}.

3. Snow Geese

Except for a few scattered pairs on the arctic coast and a small
cclony On Howe Island in Prudhoe Bay, virtually all Snow Geese encountered
in western Alaska nest on Wrangel Islend, in the Soviet Chukehi Seaqg In
Norton Sound, they are strictly migrents. Inspring, 8 segment of the
population follows an interior route from Alberta, across interior Alaska,
and then into Norton Sound (Bellrose 1976). A major corridor of migrants
heads north from the Alaska Peninsula then across the mouth of Norton
Sound passing through Bering Strait. These are joined by the migrants
from interior Alaska along & spur route. We probably observed part of this
spur route on 6 May 1981 along the south coast of the sound near the
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Pikmiktalik River (32 km southwest of Stebbins in Pastol Bay), where 300 or
more Snow Geese were moving southwest (Table 10 ).

The bulk of spring migrants entering Norton Sound from the interior
probably pass north over Koyuk and across the Seward Peninsula. Several
Koyuk residents spoke to us of this movement horth, and thought it was a
conmmon route for other species of geese as well (see "Brant®). Shields and
Peyton (1979) estimated a passage Of 5,000 Snow Geese at the Akulik-
Inglutalik Delta between 10 and 25 May 1977. Most of our sightings of
large flocks are from eastern Norton Bay,

The "great bands” seen by Bailey (1948) at Wales in late May are
surely an annual event. Most of these northbound migrants must stay
offshore, as we noted only 50 along the west coast from Wales to Brevig in
our two years of spring census work, and these were at the base of Point
Spencer on1 June 1880, During their passage inlate May, shore-fast ice
IS common from Sledge Island to the strait, end they may follow the ice
edge.

Few birds were seen in fall with most on Norton Sound's northwest
coast. 3,400 seen on central and southern St. Lawrence Island on 18
September 1980 lead us to believe that most Wrangel Island Snow Geese
head sout h towards the Alaske Peninsula via a mid to western Bering Sea
route; Palmer (1976) supports this. During the spring We found Snow Ceese
primerily in wet tundra and on river deltas. Al though their use of wetlands
does not last long, feeding stops for nort hbound birdsineastern Norton
Bay may be beneficial or necessary to their nesting success.

4. Emperor Geese

Emperor Geese are true sea geese. Their preferred habitats are rocky
shores and salt-washed meadows, and like Brant, they are principally
grazers of marine plants {Bellrose 1976), Their restriction to the coast has
subjected them to heavy subsistence hunting pressure resulting in currently
reduced populations (Lensink, pers. comm.). Emperor Geese were few in
Norton Sound With most breeding teking place tO the south. They are
essentially confined to the Bering Sea region all year. The vast majority
nest in Alaska (60,000 to 75,000 adults), with 80% of these on the YK
Delte and about 1,000 along the Shishmaref coast Of Kotzebue Sound (King
in Bellrose 1976). Small NnuMbers also nest along the Siberian Chukchi coast
(Kistehinski 1871). Almost all winter along the Alaska Peninsula and
Aleutians, except for 2,000 tO 3,000 in the Kodiak area (Bellrose 1976).
Fay (1961) estimated that less than 1,000 to 2,000 Emperors nested on St.
Lawrence Island and recent nesting there has not been substantiated
(Bellrose 1976).
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Table 18. Snow Goose sightings in Norton Sound, 1980 and 1981.

e > o 0 e e i e e oo o o e 2 e e Pt S 223 SRR o e e e o o e o e e e o o e

Spring Summer /Fall
Wetlang Ar ea No. Mo/Dea/Yr No. Mo/Da/Yr
Port Clarence 50 6/ 1/80 150 9/ 2/80_ T
55 9/ 5/81
175 9/17/81
Cape Wol 1 ey 46 9/ 2/80
20 9/17/80
Safety Lagoon 8 5/14/80 12 9/21/80
Fish River Del ta 50 5/21/81 2 8/ 6/80
Moses Point 100 5/18/81
Koyuk 21 5/ 6/81 190 9/ 3/80
640 5/ 8/80 20 9/29/80
800 5/18/81
Unal akleet 25' 5/ 6/81 20° 9/23/80
16 5/22/80
Stuart Island 25 5/ 6/81 25 8/ 6/80
10 9/23/80
Stebbins 300° 5/ 6/81 14 8/28/80
1 6/ 8/81
1 6/18/80

—— g e o

" e s A O s S S A A P i W o O S e Sy . SV 00 WO e S o o e o S —

1lO km south of Unalakleet.
2

k]

50 km southwest of Unalakleet.
Near Pikmiktalik River on Pastol Bay.
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(a) Spring. Inspring, Emperors migrate north from the Alaska
Peninsula along the coest to the Y-K Delta (Gill et el. 1979) and those
heading north to southern Kotzebue Sound prcbably cross over western
Norton Sound (Palmer 1876). The 24 Enperors we oObserved at Port Clarence
in late May 1980, in family f| 0oCk S and pairs, were probebly enroute to
Kotzebue Sound, es were the others seen in northern Norton Sound in
spring (Table 11).

(b) Breeding. We found twO nests of Emperor Geese near Stebbins in
1981, one with seven eggs (10 June) and the other with six eggs (13 June),
These were part of a small local population at the northern extent Of
coastal meadows of the Y-K Delta system. Minor patches of this salt-
washed wet tundra oceur in other wetlands of Norton Sound, though we
have no evidence of Emperor Geese nesting on these.

In mid-summer, near the time when young Emperor Geese are hatching,
a massive molt migration occurs from the breeding grounds on the Y-K Delta
to St. Lawrence Island. Thebirds involved are non-breeding immatures and
feiled breeders (Jones 1972). Fay (1961) reports between ten and twenty
thousand Emperor Geese mainly along the southern coast of the islend,
congregating in large ‘herds'during the molt. He estimetes that in a
flock of approximately 5,000 geese on 21 July, not more than 10 W er e
capable of sustained flighte From this evidence, Fay and Cade (1959)
suggest that St. Lawrence Island is the principal summering area for the
entire population Oof' non-breeders produced in Alaska and Siberia.

{e) Late Summer. Fall migration is usually more prolonged than
spring migration, comprised of family groups numbering less than 20 birds,
and spread OVer a greater portion of the range (Gill et al, 1979). Emperor
Geese W ere more common in fall then in spring, but still in very low
numbers and occurring sporadically throughout the wetland areas (Table 11).
Stebbins is the only area where they were regulerly seen.

S. White~fronted Geese

White-fronted Geese were sc arc e as migrants in Norton Sound during
spring and fall, and the nearest nest record iS 12 km northeast Of Wales
with six eggs on 18 June 1977 (Woodby, republished). Their major nesting
grounds in Nerth America are at the Y-K Delta where about 80,000 adults
gather (Bellrose 1978). Minor populations nest in Alaska's interior, around
Kotzebue Sound, on the arctic slope, and in the Canadian aretice. Smal |
numbers of migrants were observed in eastern Norton Bay by Shields and
Peyton (1879) in both spring and fall, and these migrate via interior routes
(King and Dau 1981), Nearly all of the White-fronted Geese we saw (99%)
were in late summer in the northern Sound, and these were flocks of no
more than 120 birds,
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Table 11. Emperor Goose sightings at Nortom Sound wetlands, 1980
and 1981,

Spring Summer /Fal 1

Wetland Area No.  Mo/Da/¥r No.  Mo/Da/Yr
Port Clarence 24 6/ 4/80 5 7/ 9/80
21 8/ 17/80
1 9/ 5/81
Cape Wol 1 ey 10 8/16/80
2 g/ 2/80
12 9/ 5/81

Safety Lagoon 3 6/13/80
Fish River Del ta 3 5/19/81 1 8/ 4/81
Moses Point 2 5/18/81 8 8/15/80

1 6/ 9/80
Koyuk 4 5/18/81 1 8/23/80
Shaktool ik 10 9/10/81
Stuart Island 6 8/10/81
Stebbins 51 5/31/80 5 8/15/81
3 6/10-14/81 80 8/28/81
2 6/21/80 10 8/29/81
87 9/10/81

1

One nest with 7 eggs on 10 June 1981 and another with 6 eggs on 13
June 1981,
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F. Ducks

Ducks are a dominant bird group in Norton Sound wetlends, parti-
cularly in late summer. Many come to nest, though the bulk are found in
Norton Sound after nesting in more northern and inland areas. We observed
a total of 23 species, § commonly and 13 with evidence of nesting
(Appendix 26).

We divided our analysis of duck populations according to the two
recog nized func tional taxonomic categ ories, dabblers and divers. The basis
for separation is feeding method. Dabblers are puddle ducks, typified by
Mallards and Pints.ik+ that often feed by debbling at the surfece Of lakes
or ponds, Their legs are centered amidships, allowing them to walk easily
on land and "tip up” to feed on the bottems of shallow ponds. We observed
SiX species of these, and they comprised 75% of the ducks on shoreline
aerial surveys. Thougha more diverse group in Norton Sound, the 17
species of divers CoOouUNted by us were only one-quarter of the duck
population. These typically stout birds have their legs mounted farther
astern, providing propulsion for deep dives to feed on benthos, fish, or
sometimes zooplankton. They also feed at the surface, particulerly o n
invertebrates of tundra ponds during the nesting and echick-rearing months.

1., Relative Abundanee

{a) Dabbling Ducks. Pintails far outnumbered asll other ducks in
Norton Sound and comprised at least three-quarters of the dabbling duck
population seen on wetlands (Teble 12). On the basis of 1880 wetland
aerial surveys, American Wigeon were the next most common at 17%, while
Mallards, Green-wing ed Teal, and Northern Shovelers together mede up less
than 6% of the dabblers, Gadwalls were rare.

Teal and Shovelers were usually underestimated by aerial surveys,
especially in late summer when they resemble Pintails. Relative sbundance
estimates derived from land surveys place their populations at 7% and 5% of
dabblers, respectively (Table 12, column 3). Land surveys may under-
represent wigeon and Mellards, es these often flocked in sites inaccessible
to walking observers.

Relative sbundance of nesting dabblers is best shown by proportions of
nests or broods found of each species (Table 12, column 4) This was
calculated by summing the number of NestS end broods observed in all areas
during both years. Clearly, Pintaills were considerably less important as
nesters than their total numbers would suggest (compare columns 3 and 4),
though still the most common nesting dabbler. This may indicate a surplus
of refugees from drought-stricken prairies (see below), as well as larg €
populations of migrants to and from major nesting grounds around Kotzebue
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Table 12. Relative sbundance of debbling ducks fn coastal Norton
Sournd,

Percent Percent Perecent Perecent No .
Total Tot. Debblers Nesting Nesting Nests and

Species Ducks! (a)? (b)® Debblers? Ducks? Broods
Pintail 58.5 77.3 77.6 34 1;- Z;‘:? ______
Amer ican Wigeon 10.3 16.8 8.0 5 3 5
Green-winged Teal 0.5 1.3 6.8 30 16 28

Nor them Shovel er 0.5 0.7 4.9 29 15 27
Mallard 3.2 3.9 1.6 1 <1 1
Gadwall <0.1 <O* I 0.1 1 <1 1
';;;-l”“ 73.0 100.0 100.0 100 . 53. | 94

> % Ohat Cons e e Y B e . e o o S e e s s S e
- o e G > s e 2 2 i G " o v - [t P o=y dingring iy

Ipata from shoreline aerial surveys, 1980; totel = 22,232,
2Da‘ta from wetland aerial surveys, 1980; total - 36,453,
3Data fram land surveys, 18980; total = 12,248,

4Data from nest and brood eounts, 1980 and 1981,
i
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Sound and the northern Seward Peninsula where at least 150,000 nest (King
end LenSink 1871), If Pintails are 77% Of the dabblers but only 34% Of
those that nest, than less than half Of the Pintails seen actually nest in
Norton Sound. Teal and Shovelers were relatively common nesters, wigeon
were uncommon, and we found only one brood each of Mallands and
Gadwalls. Abundance estimates based on nest records are biased, because
nests and broods are harder to find for some species than for others; teal
and wig eon hide th eir nests particularly well,

(b) Diving Dueks. Seventeen species of diving ducks comprised only
27% of all ducks (1980 coastal air surveys). Black Scoters and Common
Eiders were the most numerous of the divers, each totalling sbout one-
quarter of those seen (Teble 13). Greater Scaup and Oldsquaw were also
common, and Red-breasted Mergansers were fairly common. Twelve other
species made up only 11% of the diving duck populations, and these were
either members of small local populations or were vagrants from southern
and inland breeding grounds. An exception is the King Eider, which
migrates by the hundreds of thousands of f shore across the mouth of Norton
Sound and through the Bering Streit in early spring and late fall. They
were infrequent in the nearshore coastal waters from May through October,
except at the Strait.

Divers were common nesters, accounting for 47% of all duck nests or
broods seen. This perc entag € is nearly twice as great as their overall
sbundance relative {0 dabbling ducks (shoreline aerial surveys) and is due to
the preponderance of non-breeding dabblers.

Greater Scaup were by far the most common Of the nesting divers,
while Oldsquaw, Common Eiders, and Red-breasted Mergansers were fairly
common., Black Scoters, though common in some coastal waters, nest inland
and on reised tundra and were rarely found wWith eggs or young in coastal
wetlands. A lene nest and two broods belonging to Redheads illustrate the
rang e expansion capabilities of inland breeding ducks seeking refuge from
drought. Redhead heeding in Alaska usually occur only in the eastern
interior and they are typicelly found as breeders in the Canadian prairie
provinces (Palmer 1876; Weller 1864).

2. Habitat Use

Dabbling ducks showed & more specialized habitat choice than diving
ducks (Figure 30, top scale) and will be treated as a group because of the
similarity in hebitat preferences of all six species. They are typically birds
of wetlands (wet tundra), and we found high densities along the shores of
river deltas and lagoon wetlands. Moderately high densities occurred at
river mouths, though this actually represents only a few hundred birds in a
limited habitat.  Moderate densities were seen along exposed cossts
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Teble 13. Relative abunidance of diving ducks in coastal Norton

Sound.

Percent Percent Percent Perecent Number oE

Total Diving Nesting All Nesting Nests and
Species mm‘::!:s1 meks1 Divérsz D&st‘*zks2 Bmodsg‘
Black Scot er 6.8 25.2 1 <1 1
Common Eider 6A 23.5 20 9 17
Great er Scaup 4.6 17.0 40 19 34
Oldsquaw 4.1 15.0 24 11 20
Red-breasted Merganser 2.3 8.5 1 5 9
Surf Scot er 0.8 2.9
Harleguin Duck 0.6 2.2
Spec tacl ed Eider 0.6 2.1 i <1 1
Steller's Eider 0*4 1.6
Canvasback 0*4 1.6 1.3
King Eider 0.2 0.6
White-winged Scoter < 0.1 0.1
Common Mergenser <<0*1 <<0.1
Redhead <<0.1 <<0.1 4 2 3
Less er Scaup <<0,1 <<0.1
Common Goldeneye <<0,.1 <<0.1
Bufflehead f(ﬂ.} <<0.1
Totel 27.0 100.0 101 47 85

Data from shoreline aerial surveys, 1980; total = 6,017 divers.

Data from nest and brood counts, 1980 and 1981,
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DABBLERS PER Kl LOVETER ( Eusmmms )
2 4 6 8 10 12

0
SHORELINE HABITATS:: ¢ .
PROTECTED SHORES

CLI FFS
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WET TUKDRA

SPI TS

EXPOSED SHORES
CLI FFS

MO ST TUNDRA
VEET TUNDRA

SPITS

OTHER SHORELINES
RIVER DELTA

RIVER MOUTH

DI VERS PER Kl LOVETER ()

Figure 30. Habitat use by ducks. Data are from 1980 shoreline aerial surveys,
Note the difference in scale for dabbler and diver densities. Dabbling ducks
are co n al ong wetl and

hor el i t t
and r(13rll|)\s/|1ng ucks are fairly well roerp?re'sgﬁtsecg”éigrngelaﬁ‘ aggo\rN mg r}?/%ae%?”%)
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bordering wetlands. Lesser concentrations found in the remaining habitats
primerily represent resting flocks of migrant Pintails.

Diving ducks were less specific in hebitat selection than debblers and
were in moderately low concentrations throughout all haebitats (Figure 30,
bottom scale). Eiders and scoters were most common near exposed rocky
shores of cliffs and along moist tundre beaches, particularly near rock
outerops (Figure 31), sites that presumably offer the molluses and other
benthos associated with roecky substrates. Oldsguew were common along
spits in protected waters, particularly as spring migrants and during the
July molt st Port Clerence and Brevig Lagoon., Greater Scaup resembled
debblers in heabitat preference, choosing river delta shores with shallow
water and mud substrates to feed in. Mergansers were most concentrated
near river mouths; these areas apparently provide a reliable supply of small
fish, their major prey.

3. Seasonal Use

Ducks were most sbundant in coastal Norton Sound when staging (pre-
migratory flocks gathering to feed) after nesting (Figures 32-34.) They
were also common in spring immediately prior to nesting and appeared least
commonly during the brood and molt periods of July or August. Their abun-
dance is greatly dependent on nesting phenologies, as discussed later, and
will be Shorn to way between species, paralleling differences in
phenologies.

Molt schedules are an important factor in seasonal sbundance. All
edult ducks in Alaske shed their wing feathers during the summer and grow
new ones for the long trip south, leaving them flightless for several weeks
to over a month. This is a highly wulnerable time. Dabblers will remain in
coastal wetlands or move inland where they can hide in tall grass. Sea
ducks, notably eiders, may move to isolated nearshore sites, such as the
rocky headlands near Cape Woolley or Cape Nome, while Oldsquaws may
gather in lagoons as at Brevig.

Most meles leave their mates shortly after incubation begins to g ather
with other males in preparation for the molt. They lose much of their
bright body plumage, adding to their inconspicuousness, and are thus poorly
ecensused by aeriel survey as well as by land counts. Males of some species
do not ebandon their mates immediately but linger nearby for a week or SO.
This includes Oldsquaws, Common and Spectacled Eid ers, and Shovelers, while
all of the other dabblers, along with scaup, merg ansers, Redheads, and
scoters, depart more hastily (Bellrose 1976).

Hens generally become flightless shortly before their young ere able
to fly Wohnsgard 1875). This is not true for Common and Spectacled
Eiders, which lose their flight feathers when they are with their broods so
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El DERS AND OLDSQUAW GREATER RED- BREASTED
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Figure 31. bi t at duse by diving ducks. aa:efrom 1980 shoreljn %aerial
rv s ers and scoters WEre usin y shorelines, r[i)artlcu ar eé
ong ¢l |ffs Oldsquaw Were most conc trat along spits in protect
{1agoonal) Waters once nesting began ealer scaup chose vet | and shorel i nes.

Red- breast ed Mergansers stayed close to river nmouths.
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-Pintail

" 10

PINTAILS PER MINUTE
AMERICAN WIGEON AND MALLARDS PER MINUTE

16-30 June
16-31 July
16-31 Aug
1-15 sept -
16-30 Sept -
27 Oct

Figure 32. Seasonal abundance of Pintails, Awerican Wigeon, and Mallards.
Data are averaged from 1980 and 1981 wetland aerial surveys. Note the
different scales. Pintails had peak populations before and a’ter nesting,
whereas wigeon and Mallards peaked in September only.
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as to gain flight when their young do.

Figures 32, 33, and 84 illustrate the general differences in seasonality
between dabblers and divers. Biweekl|y data are graphed for the less
common dabblers, and monthly date are graphed for the three most common
species, Overall, dabblers arrived eerlier in spring, were inconspicuous in
July, and gathered mostly in August and September prior to migration.
Divers arrived mostly in June, and W ere consistent as a group in becoming
geare € in August, when molting wes most intense. Pre-migratory Staging
populations peaked in September for all divers.

(a) Debbling Ducks. Wetland populations of ducks were dominated
by Pintsils (Figure 32, left ordinate sc ale), They were the first dabblers to
arrive in large numbers as of 7 May in 1980 and 6 May in 1981, when most
ponds were frozen and much of the tundra was under snow. The second
spring peak of Pintails in early June Signaled the onset of incubation, when
drakes abendoned their mates and gathered in wetlands. By late June, they
had sought cover for molting end were not again ObVioOus until late July and
early August. By th en, young were beginning to fledg e, and in September
the Pintail populetion was at its greatest. The initial August peak repre-
sents drakes that gathered prior t O heading south, while the large
Sept enber peak was mostly hens gnd t heir young. Non-breeders may have
been a substantial eomponent O f both peaks. Pintailnumbers dropped
drastically by the second half of September, when they were still the most
cormon duck. None were seen on an October 27, 1980 survey, and a late
date for departure from western Alaska is given as 9 October at Nunivak
Island (Gabrielson and Lincoln 1959).

American Wigeon were uncommon nesters in Norton Sound and became
common in late summer as they gathered from northern and inland areas
(Figure 31). They arrived early, coming With Pintails by the end of the
first week in May in both years. They increaseed in the second half of
September and were mostly gone by the end of the month (1980) A minor
peak in July probably represents pre-molting males and non-breeders
gathering from areas outside of Norton Sound. In Aleska, their densest
nesting concentrations are inland, with densities only one-third as great on
coastal tundrae, notebly on the Y-K Delta and around Kotzebue Sound (King
and LenSink 1971).

Mellards were also common nesters in our study erea, with & Spring
migration peak in late May and a fall peak coinciding withthe abundance
of wigeon (Figure 32). As with wigeon, most Mallards casme to Norton
Sound 1O stage following a breeding effort elsewhere, mostly inland as well
as on the Y-K Delta (King and Lensink 1971)
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Figure 33 depicts seasonal abundance for shovelers and GreenWing ed
Teal derived from ground surveys; these two species, particularly teal, were
essily overlooked from the air. Teal were fairly common nesters in May end

"June and were most comnon in August, when young were fledged and molt

was finished for meny adults. They were not eommon in spring until the
second half of May, end beceme scarce by mid-September, menaging to
complete nesting relatively quickly.

Shovelers were also fairly common during the nesting months. Some
arrived at the end of the first week in May with the first Pintail flocks,
and they were mostly departed by mid-September. They were unique in not
showing a post-breeding peak that would normelly indic ate pre-migratory
staging. This might be explained by an egress of males to molt elsewhere,
or a quick departure of broods after fledging.

{b) Divers. Scoters, mostly Black Scoters, typified the seasonality of
divers, peaking in spring during migration, becoming sc arc e in August
during their molt, and amassing ageain in September prior to their trip south
(Figure 34). Unlike dabblers, scoters were not cammon in low wetlands.
Those nesting around Norton Sound d O so adjscent to inland rivers where
shrubby ealder and willows ere common; though open tundra nesting may be
frequent elsewhere, as on the Y-K Delta where over 100,000 nest (Bellrose
1976). After incubation began, small ' |eeks of males were ¢ ommon along
rocky headlands, except in August during their molt. They probably gather
farther offshore at this time, as Drury (1880) observed molting Surf Scoters
north of the Y-K Delts, while 7 to 28 thousand molting scoters have been
seen from mid-July through August west of the Y-K Delta from Cape
Romanzof to Cape Avinof (Dau, in prep.).

Common Eiders exhibit a seasonal pattern similar to that of sc oters,
except for an October peak long after most other ducks have gone south.
On 27 October 1980, there were at least 760 female plumaged eiders, mostly
Common, from Nome to Koyuk in flocks of 40 to 100 and one of 250.
Common Eiders winter as far north es the Bering Strait if ice permits (King

and Dau 1981), ‘

We saw King Eid ers infrequently; yet they are an sbundant migrant
offshore in late April and eerly to mid-May, particularly near the Bering
Strait, Peak passage at Dall Point, south of Norton Sound, has occurred
from 11 to 15 May (Conover 1826, Murie in Gabrielson and Lincoln 1959),
while peak migration at Wales has been cobserved on sbout 21 April (Flock
and Hubbard 1979) and in early May (Bailey 1948). An inshore passag e was
noted from 10 April to 1 May at Sinuk about 40 km west of Nome @ ii. 1
1923). Most winter south of the Bering Sea ice edge (Gill et al. 1979),
while some may winter in ic e~free polynyas south of Nunivak Isiand (Dau, in
prep.) or south of other Bering Sea islands. They have been k now n to
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appear in offshore leads at Wales by mid-M arch (Bailey 1943). Fall
migrants have passed through the Bering Strait as early as 11 July (Bailey
1943), though these were on the Siberian shore. Males were hoticeably
ebsent in late September at Nunivak Island (Dau in Gill et al. 1978); they
may come south later er migrate M U C h farther west, possibly along the
Siberian eoast.

Spectacled Eiders nest mostly on the Y-K Delta and in the A merican
and Siberian arctie (Dau and Kistchinski 1977) but apparently use Norton
Sound to a limited extent for molting and have been seen in molt 40 Kk m
west of Stuart Island on 15 September, 100 y ear s eago (Nelson 1883).
Woodby noted 420 Spectacled Eiders in mottled plumage 24 km eest of Cape
Darby on 11 September 1977. We also found 500 to 1,000 mottled male
plumaged birds along the south shore of St. Lawrence Island on 18
September 1980, The location of molting females with young is uncertain;
they may occur with males in flocks far offshore (Dau and Kistchinski 1977).

Oldsquaw were early migrants. Many follow the King Eiders north to
t he arctic (Woodby and Divoky, in prep.), while same remain to nest in
western Alaska. The June low (Figure 34) represents their move to tundra
nest sites, while the July peak indicates male flocks in near shore waters,
principally ealong spits at Brevig Lagoon and along rocky headlands,
readying for their molt.

The seasonal patterns of sc aup and mergansers mimic the scoter
pattern elosely. More frequent sampling would probably have shown a lag
in merganser schedules, as they were relatively late nesters.

4. Geographie Distribution

Ducks areunevenly distributed throughout Norton Sound, and this is
due to the uneven distribution of productive habitats and to the concen-
trating effect of nigration routes. Patterns of distribution will be
presented first in terms Of duek densities and then on the basis of popu-
lation estimates.

Most ducks, and particularly dabblers, concentrate in wetlands, and
their average densities in 14 wetland areas is shown in Figure 85. This
graph shows that densities vary greatly between wetland areas and from
year to year at certain sites, These figures are strongly biased towards
the post-breeding season, especially September censuses of each year.

Wetlands of the Fish River (Golovin Legoon), Moses Point, Koyuk,
Stuart Island, and Stebbins hed the highest densities of ducks. Port
Clerence, the Woolley Lagoon to Sinuk area, and Unalekleet wetlands had
low densities. The Shismaref coast was censused only once, on 16 A ugust
1980, and its low density may be unrealistic.
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Figure 35. Geographic distribution of ducks. Data are from
1980 and 1981 wetland aerial surveys. Highest densities are
in the northeast Sound. Densitesvaried greatly between the
two years for nost wetlands.
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1981 densities were considerably higher than 1980 densities at the
Fish River, Koyuk, Shaktoolik, Stuart Island, and Stebbins wetlands. A
dramatic drop was found at Moses Point fram the first year to the second.

Diving ducks are noticeably more prevalent along the coast than on
wetlands; their density distribution acress 15 coastal sections is shown in
Figure 36. This graph shows that diving duck distributions are fairly homo-
geneous along the Sound from year to year, but that exceptionally high
local concentrations may occur, The 1980 peak in the Nome to Cape Nome
(No, 6) section represents only afew hundred birds, mostly eiders and
scoters, gathered off the rocksof cape Nome.The highest density of 15.1
birds/km in 1981 is due to a single observation of over 1,000 scaup in
Golovin Lagoon on 10 September. Seaup concentrations are probably a
regular phenomenon there, since 1,530 were seen in the same area on 10
September 1980,

Actual populations of ducks in each wetland area vary greatly,
depending on size of the wetlands and densities of birds in each. We esti-
mated these by extrapolating our highest densities in each wetland, using
our wetland aerial surveys from 1980 and 1981 and a ground-based mapping
of productive habitat (Table 14). Our results should be used with caution;
they are subject to error, and they are only estimates of maxi num popu-
| ations on our censusdates. Qur counts were probably low, as uncorrected
duck surveys often are, and | arger popul ati ons may have occurred on days
we did not census (see ‘ Methods".

Stebbins, Moses Point, and Fish River wet| ands clearly had more ducks
on peak census dates than did t he other areas, each hol di ng about 10, 000
or more, These all occurred in the first half of Septenber near the end of
stagi ng. Koyuk also had a | arge count with slightly over §,000.

Shaktoolik wet|ands had only nmoderately low densities and a projected
total of over 2,000 ducks, principally due to its large area. The sane is
true of the Imuruk Basin with nearly 3,000. Saf ety Sound, t he Flam-
beau/Eldorado area, and Stuart Island held sonewhat lower popul ations.
Extremely low totals for Port Clarence, the area from Cape Woolley to
Sinuk, and the Unelakleet Delta are all probably not realistic. Higher
populations probably oecurred for short periods during migration, athough
these three arees appear to be less important for ducks.

Routes chosen by migrant dabblers may be similar to those used by
geese. When northbound many come on inland routes over the upper Yukon
Valley, and this is especially true for prairie drought populations. Others
may Move c oastally from the Y-K Delta, and moat Se oters, Oldsquaws, and
eiders reach Norton Sound via a coastal route. Mbat Greater Scaup in
Alaska winter on the Atlantic coast and migrate across Alaskags interior
(Bellrose 1976),
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Figure 36. Geographic distribution of diving ducks. Data are from
1980 and 1981 shoreline aerial surveys. Densities are fairly regular
across all coastal sections with locally high densities in sonme

areas that are usually due to short lived concentrations. The peak

at Golovin in 1981is due to a large flock of scaup i n early Septenber.
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Teble 14. Maximum projected duck populations at12 wetlands in
Norton Sound.

Ducks/ 9 Projected
Area llo/Dy{_Y_r_____l\_/I_l_r]l_Jte_ _____ Km" Population
Port Clarence 9/5/81 9.4 134 206°
Imuruk Basin 8/16/80 29.5 116.5 2,895
Cape Wool 1ey to Sinuk 9/17/80 5.4 29.8 136°
Eldorado and Flambeau Rivers 8/23/80 83.7 20.2 1,424
Safety Lagoon 9/23/80 77.0 37,3 2,420
Fish River Dl ta 9/10/80 300.7 38.5 9,753
Moses Point 9/3/80 283.4 49.9 11,913
Koyuk 9/23/80 98.5 61.4 5,095
Shak tool ik 9/23/80 50.8 51.3 2,194
Unalakleet 9/6/80 26.6 14.6 92°
Stuart Island 9/10/81 735 22.0 1,362
Stebbins 9/10/81 60.4 169.8 13,482

lBased on a flight speed of 177 km/hr and a 400 m observation path for
each observer; see "Methods."

2These low counts are surely not indicative of actual maximum levels.
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Many of the Pintalls concentrating in Norton Sound's northeastern
wetlands in late summer may come south from Kotzebue Sound, where they
are sbundant nesters (Bellrose 1976)., Cross-peninsula routes are probebly
similar to those of Canade Geese. Emigration routes away from these
wetlands probably go inlend, while Pinteils near Stebbins are likely to head
southwest and join the coastal migrants of the Y-K Delta.

5. Nesting Phenologies _

Most female ducks commit nearly one—quérter of each year to nesting
and raising a brood. One week or longer is needed to complete an average
clutch of seven to eight eggs, laying one each day. These are incubated
for three to four weeks, and the hatched brood is guarded for up to t wo
months.  Fledging periods for ducklings in Alaske are typically 80 to 90
percent those of ducklings in temperate zones. This is due to increased
daylight; broods are eble to feed for a larg er time in a 24-hour period and
¢ an thus grow relatively quickly, reaching flight stage sooner then
fledglings in temperate zones. This makes arctic areas attractive places
for ducks to nest,

Figure 37 illustrates nesting chronolog ies for dabblers and divers as
derived from 179 observations of nests (n = 130) or broods {n = 49) in 1980
and 1981 (Table 15) In both years ice breakup and snowmelt on the tundra
was one to two weeks earlier end this sallowed early nesting. The range in
dates for laying, hatching, and fledging results from: (1) individual vari-
ation within a species, (2) differences between species, and (3) latitudinal
differences, with northern and ‘western phenologies averaging later than
those from the inner sound.

Dabblers beg an nesting earlier then did divers, and were laying eggs
over a longer period. Inboth years, the earliest nesting dabblers were
Pintails, starting in mid-May, two to three weeks eerlier than the first
nesting Oldsquaw, the earliest diverss The bulk of dabblers began laying
eggs in early June. Thus, in 1980, the average date of cluteh completion
was roughly the same for divers as it was for dabblers, though divers were
ebout nine days later than debblers in 1881,

Most divers take longer than dabblers to complet e their nesting
period, thereby extending the duck nesting season. Their eggs require a
few more days of incubation than do most dabbler eggs, and their young
need a week or more longer than dabblers to attain flight. Combining this
protraction with a later start, as in 1881, results in & nesting commitment
lasting two weeks beyond that of dabblers. Thus, ducks were engaged in
thenesting cycle from mid-May, when the first dabbler egg were laid, until
mid-September when the last divers fl edged.
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Figure 37. Nesting phenologies of ducks. Dabblers nested earlier than divers and
their young usually fledged earlier. Conpared to 1980, 1981 was an earlier year for
dabbl i ng ducks and a |ater year for diving ducks (nmean dates).
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Table 15, Nesting

Species

Pintail

A, Wigeon

N. Shoveler
G.~w. Ted
Redhead

Greater Scaup
Conmon Eider
Spectacl ed Eider
Oldsquaw

Black Scot er

Red-breasted
Merganser

phenologies of eleven dueck species in Norton Sound, 1980 and 1981,

- s g . o — o e o s - ——
—— = —~— = 34—

7/1

/711

—ERREEREIE=mEES S SRR ERETRERTTE

Hatching Dates (Mo/Day)

1980 1981 Incubat ion Fledging
Late Mean (n) Early Late Mean (n) Period! Period!
715 1/4  (5) 6/10 7/18 7/4  (15) 22-23d 36-43d

6/19 7/13 7/3 (3) 23-25 37-44
/18 1/5 (4) 6/14 7/17 6/25 (18) 23-25 36-39
7127 1/9  (10) 6/15 7/20 7/5 (13) 21-23 34
7110 7/8 (3) 24-28 56-73
7122 7/13  (7) 714 7129  1/18  (23) 23-28 45-47°
6/30 7/18 7/4 (11) 26 56
72 (1) 24 50
7115 7/5 (11) 6/22 7/18 7/2 (4) 26 35-40°
7/16 (1) 27-28 42-49
7/14  7/13 (2 ) 7/25 (1) 30 <657

1Belhose, 1976, except where noted. Fledging periods are possibly shorter for most species. Periods given are
generally from more southern arees, whereas northern ducklings grow fester with more daylight f ceding hours.

2FI edging period of lesser scaup.

3 Alison, 1975.



6. Prairie Drought Populations

Droughts in high density duck nesting areas of the northern prairies
encourage many ducks that otherwise nest in those regions to continue
their north migration, This results in an influx to the sretic and subarctic
(Hansen and McKnight 1964). Noteworthy refugee populations of Pintails
have been found in Alaska's interior (Smith 1870), in Siberia (Henny 1973),
and on the arctic coastal plain where R. King (in Derksen and Eldridge
1980) found seven-fold differences in Pints.il numbers between a prairie
drought year (1877) and the following wet year. Other species known to
show this response are Blue-wing ed Teal, Shovelers, Mall ards, Redheads,
Canvasbacks, Ruddy Ducks, and Ring-necked Ducks (Hansen and MeKnight
1964).

Both 1980 and 1981 were drought yearsin the prairies (as were 1973
and 1977), and this resulted in enigration to northern breedi ng grounds
(USFWS and CWS 1881). That these refugees reached Norton Sound is
supported by our numerous observations of Canvasbacks (Table 16) and
Redheads (Table 17) which are normally quite rare there (Kessel and Gibson
1978), Even though our surveys were less extensive in 1981 than in 1980,
total numbers and frequency of sightings of Canvasbacks were greater in
the second year, suggesting a compounding effect of the continued
drought. Redheads were also more common in 1981,

Unusual Pintail immigrations are less obvious, as these birds are
normally common in Norton Sound. Our prime evidence for a large refugee
population is their low productivity. This may approach zero for refugees
in northern areas (Derksen and Eldridge 1980). We found a noticeably low
proportion of Pintail nests and broods relative to those of other ducks (12%
in 1980, 22% in 1981) compared to their high proportion in the June duck
populations (76% in 1980 and 80% in 1981). The same is true when
comparing the proportion of Pintail nest or brood records in the dabbler
totals (26% in 1980, 38% in 1981). A crude estimate would then place the
non-breeding Pintail population at three-quarters Of all Pintails present.

Hensen and McRnight (1964) postulate that refugee dueks are the
later migrants to the prairies which move north to find unoccupied suitable
habitat. Many of these may be young and inexperienced breeders, and this
would partly explain their low production in the north.

The importance of this emigration from the prairies may be great.
These overflights may reduce excessive competition on the preiries during
poor years, and they probably enhance survivorship in the summer as well as
the physical conditions of winter birds (Calverley and Boag 1977). Once
precipitation brings the prairie habitat back to normal, the surplus Of ducks
that spent the previous summer in the north can then reoceupy the prairies
(Smith 1970). Prairie droughts are not unusual, as there have been four
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Table 16. Canvasbeck sightings in Nortor Sound, 1980 and 1981.

Imuruk Basin
Name

Safety Lagoon

Golovin Lagoon

Moses Point

Koyuk

Shaktool ik
Stebbins

1890 1981

Number Me/Day Number Me/Day
21 5/26 17 6/3
10 6/3
40 6/13 6 5/23
4 6/3
14 6/23
20 5/8 3 5/18
1 6/3
5 6/6-8
1 6/22
2 5/18
2 6/8
2 5/31 2 5/6
1 6/9 6 5/18
18  5/26-27
2 6/8
3 6/21 2 5/6
11 6/9-14
9 8/29

87 115

6 18
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Teble 17. Redhead sightings in Norton Sound, 1980 and 1981.

"""""""""""""""""" 19080 181
Location Number Me/Day Number Me/Day
Brevig Lagoon 4 717
Imuruk Basin 4 6/3
Port Clarence 2 5/30
Safety Sound 8 6/29
Golov in Lagoon 2 6/3
7 9/10
Moses Point 1 6/16 2 5/18
10 7117
Koyuk 2° 6/9 2 5/18
11 5/26
Stebbins ' 24, 6/21 19 6/9
10 7/18 1 8/29
12 9/10
Total 61 60
Frequency 8 9

Hen with 9 chicks for both sightings.
Nest with 7 eggs.
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drought years from 1969 to 1981 (USFWS and CWS 1981). This points tO
the importance of northern wetlands as reservoirs for the surplus
populations.
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G. Sandhill Cranes

Sandhill Cranes are uncommon breeders in wetlands of Norton Sound.
They nest from northeastern Siberia throughout most of Alaska and in
northern Canada. During both spring and fall larg e flocks Of ecranes pass
through Norton Sound, using wetlands as staging and feeding areas. Many
are headed for Siberian breeding grounds.

i, Habitat Use

Cranes were primarily found in wetlands, and were concentrated near
river delta shorelines and near protected and exposed shores with wet
tundra, as censused by air (Figure 38). The highest density was found
along protected shores with moist tundra, though this is amost entirely due
to 1,300 cranes found on one flight in the Imuruk Basin on 5 September
1981, High densities along river mouths was due to a little over 100 birds
in the limited habitat.

2, Secascnal Use

(a) Spring Migration, May. The Norton Sound coastal areas exper-
ience two population peaks of Sandhill Cranes, a small one during spring
migration and a mueh larger peak during the fall migration (Figure 39).
Snowmelt and ice break-up were relatively early in both 1980 and 1981, and
led t0 an early migration of cranes in spring and fall of both years.
Flocks Of crenes were already flying past Nome when we arrived in 1980 on
5 May. The bulk of the migration appeared to pass through from 5 to 10
May. A few stragglers were seen as late as 26 May. Flock and Hubbard
(1979) reported similar dates from Wales with the major erane migration
occurring from 5 to 15 May 1978 and on 10 May 1870. In 1980 we did not
fly aerial wetland surveys until 31 May, so Figure 39 does not show 1980
Spring migration densit ies.

In 1881 our first shoreline aerial survey was on 1 May (from Nome to
Koyuk) and no cranes were seen. On 4 May several flocks of up to 180
birds were seen heading west between Nome and Golovin and migration
continued until 12 May. On 18 May, however, there were still over 300
birds on wet tundra at Koyuk and small flocks elsewhere. Peyton and
Shields (1979) report that the erane migration peaked on 19 May 1977 on
the wet tundra at the Inglutalik delta (near Koyuk) with 2,800 birds per
day.

We have no total estimates for the spring erane migration, but Shields
and Peyton (1979) estimated that 6,000 cranes used the Inglutalik delta
(near Koyuk) in May 1977, On 23 May 1964 two observers (Breckenridge
and Cline 1967) witnessed an estimated 15,000 to 20,000 Sandhill Cranes
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SHORELINE HABITATS :
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Figure 38, Habitat use by Cranes. Data are from
1980 and 1981 shoreline aerial surveys. Cranes were
most concentrated along wetland shorelines (river
delta and wet tundra shores) and on noi st tundra
along protected shorelines. In this latter habitat

cranes feed on berries, especially in late August
and Septenber. The high density at river nouths

represents a little over 100 cranes in a limted
habitat.
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heading saeross the Bering Strait from Wales. In 1964 spring was very late,
and several days of bad weather apparently held up end consolidated t h e
migration. Most of these cranes passed through Norton Sound en route to
Wales, and given such conditions the number of cranes present in Norton
Sound could be large.

(b) Breeding, June-August. Breeding densities were far below those
of migration. Only three nests were located each year. We have conserve-
tively estimated the breeding population of the 13 major wetlands as 200
pairs. The entire breeding population of Norton Sound coastal areas is
probably much higher. Koyuk and Stebbins had the larg est number of
breeders, 40 to 50 apiece. The Fish River delta and safety Lagoon had
breeding populations of 20 to 30 cranes.

() Fall Migration, Late August-September. Large f'leeks of
several hundred to more than one thousand cranes congregated on some of
the Norton Sound wetlands during the peak of fall migration. Fell crane
mgration in 1980 and 1981 was considerably earlier than in 1975, when it
peaked on 18 September (4,500 to 5,000 ecranes (Drury 1976)). In 1980 it
peaked around 6 September,while the 1981 peak was about 31 August. We
did not census past 12 September in 1981, Migrating cranes were still
sbundent, and many undoubtedly roved through the area after this date.
Higher fall densities in 1981 were probably due to sampling at peak
passage rather than reflecting an increase in population from 1980.

Peyton and Shields (1979) noted on the Akulik-Inglutalik Delta that
the highest densities of cranes occurred in the evenings. Large numbers of
cranes left the delta early in the morning, suggesting that most birds
remained only one day. They observed about 16,000 cranes moving through
the delta on 16 September 1977, the peak of migration. Drury (1976)
counted about 10,000 cranes passing the Bluff colonies the first three
weeks of September 19875. Numerous other flocks were heard, but not
counted. He estimates that they probably saw only 20 to 30 percent of the
small flocks of cranes that flew by. Surprisingly, we saw little coastal
migration of eranes.

3. Geographie Distribution

Sandhiil Cranes were present in all of the major wetlands (no data for
Unalakleet, which was not censused during crane migration), but some areas
were obviously more important then others (Figures 40 and 41), particulerly
for feeding and stopover during migration. May densities in 1980 are low,
since the areas were not censused until after the crane migration. May
data for 1981 show that Koyuk was a mejor stopping point for migrat ing
eranes in the spring. We saw many flocks of cranes flying over Golovin,
heading towerd the Fish River delta, from § to 12 May 1981. It is unlikely
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Figure 40. Geographic distribution of cranes in spring (May) and late summer
(late August to mid-Septenber), 1980. Data are frem wetland aerial surveys.
spring mgrati on was mostly uncensured: late sunmer concentrations were at
éﬂle B sh R ver Del ta, Koyuk, and stebbins. Conpare to Figure 41 (1981 data)

el ow.
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Fi ?Hre 41. Geographic distribution of cranes in spring (M) and late
SUMMEY (| ate August to mid-September) , 1981. Data are from wetland aerial
surveys. . Koyuk was the nmjor spring concentration point, and stebbins
was a major stopover in |ate summer (as in 1980, see Figure 40) Not e
the heavy use of Port Clarence and the imuruk Basin wetlands and the [ow
use of the Fish River Delta and the Koyuk area in late summer relative to
1980.



that nany stopped, since break-up there was so late (15 may 1981)., We
suspect that they bypassed the delta for Safety Lagoon or Imuruk Basin.
It is apparent that many cranes take a coestal route between Koyuk and
Wales in spring (Figure 42), and overland routes to Kotzebue Sound and the
Imuruk Basin are possible,

Shaktoolik (Malikfik Bay) also hed fairly high densities on 6 May 1981.
Imuruk Besin and the Port Clarence "Bicep" were not censused in May in
either 1980 or 1881, They have high fall migration densities (see below),
and mey be inportant stopover points during spring migration,

The highest densities during fall migration occurred at Stebbins in
both 1980 and 1981, Koyuk had high fall densities in 1980, though 1981
densities were relatively low. 1Itis possible that the bulk of the cranes
moved past the Koyuk delta between our census on 28 August and the next
census On 10 September 1981, Several other areas - Imuruk Basin, Port
Clarence, the Fish River Delta, and Shektoolik - had quite different fall
migration densities for 1980 and 1981. We may have missed major move-
ments of cranes through these wetlands. Itis also possible, however, the
use of some of these areas is quite variable. Maximum projected popu-
lations for each of the wetland areas are given in Teble 18 (see Chapter V
for an explanation of how these figures were derived). Highest populations
are projected for Stebbins and for the Imuruk Basin,

Fall migration routes are similar to those in spring and the overland
route southeast from Imuruk Basin towards the Fish River Delta or Koyuk is
likely, considering the high fall numbers at the Inuruk Besin.

In summary, the most important areas for cranes in Norton Sound were
the Koyuk wetlands in spring and the Stebbins and Imuruk Basin wetlands in
fall. The Fish River Delta and the Port Clarence "Bicep"” were also impor-
tant stopover areas.

4. Nesting Phenology

Our information on the phenology Of cranes is based on only three
nestseach year. In 1980 nesting began on 13 May, and in 1981 on 20
May. Hatching began 12 June in 1980 and 20 June in 1981. The late
hatching date of 19 July 1980 was possibly a re-nesting attempt.

On the Inglutalik delta j ust south of Koyuk, Shields and Peyton (1979)
found a mean hatching date for cranes of 13 June and 6 June in1976 and
1977, respectively.
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Figure 42. Migration routes of cranes in Norton Sound. The main spring rounte of
cranes is from ecastern Norton Sound along the north shore, passing by Nome,

and then crossing the Strait to Siberia. The return in late summer follows much
the same route as in spring., Probable overland rontes ave shown.



Table 18, Maximum projected migrant ersme populations at12
wetlands ir Norton Sound.

Cr"anes/ 9 Projected 1
WetlendArea Mo/Da/Yr Mimute im” Population
Port Clarence 9/5/81 53.4 13.4 603
Imuruk Basin 9/5/81 68.7 116.52 6,739
C. Woolley to Sinuk 9/16/80 31 298 78
Eldorado and Fleambeau Rivers  8/15/80 27 202 46
Safety Lagoon 6/13/80 1.9 346 55
Fish River D€l ta 9/6/80 4i1.1 385 1,332
Moses Point 8/28/81 ‘72 49.9 303
Koyuk 9/6/80 56.6 614 2926
shak tool ik 9/10/81 57 99.3% 477
Stuart Island 8/28/81 250 220 463
Stebbins 8/28/81 53.4 169.0 7,599

T R S e e R e e e re - . e e m e R s R L S e N oL T RS S T S SRR RS T

ggsed on aflight speed of 177 km/br and a 400 m observation path for
each observer (see the ‘' Methods" ehapter).

2Squm:-e km of wetlands given here for Imuruk Basin and Shaktoolik are
greater than those in Tables 21 and 22, used for calculating shorebird
populations. Cranes at Imuruk and Shaktoolik were more widespread over a
mix of moist and wet tundra, and thus a large wetland size was assumed to
include this additional habitat.
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H. Shorebirds

Shorebirds were an important element of the Norton Sound avifauna,
comprising 35% of all birds encountered on land surveys in or near wetlands
(see Chapter VI-A, "All Birds"). This section addresses habitat use and the
dependence of shorebirds on verious hebitat types. Seasonal and yearly
variations in habitat use and the geographic distribution of shorebirds in
Norton Sound are also discussed. A U data are from land surveys since
shorebirds are smell and best surveyed from land rather then air. This
limits our discussion of habitat use and distribution to wet tundra (wetlands)
and adjecent arees, since this is where we concentrated our samples. These
are the areas and habitats that could be expected to have the highest
shorebird densities. Gill and Handel (1981) present an overview of shorebird
resources in the eastern Bering Sea with emphasi s on use of littoral
habitats.

1. Relative Abundamce

For this discussion we have divided the shorebird fsauna into five
groups, based on their status in Norton Sound. The most important group 1 s
the common Pwetland breeders," composed of Semipalmated and Western
Sandpipers, Dunlin, and Northern Phalaropes. These four are the most
common species of shorebird in Norton Sound, comprising 82 % of the total
shorebird population (Table 19). Also discussed are three species of
uncommon wetland breeders that nest in low numbers (6%) in the area, and
four species of uplend breeders (6%). A few other shorebird species nest
occasionally on or near the coastal wetlands (less than 1%). Also discussed
are species that primarily nest el sewhere or in smell numbers in coastal
Norton Sound, but are present as migrants (5.5%).

Overall, Northern Phalaropes were the most gbundant shorebird (22.5%),
closely followed by Semipalmated Sandpipers (21%). Semipalmated Sandpipers
were actually more abundent as breeders, comprising 43.9% of the breeding
shorebird population, compared with 25.9% for phalaropes. Their early
departure from the breeding grounds made them relatively less abundant
than phalaropes over the whole season. Collectively, the four common
wetlend breeders constituted 92.7% of the total breeding population of
shorebirds in Norton Sound.

498



Norton

Table 19. Relative abundance of shorebirds in coastal
Sound.
Pereent Pereemt
of o
Group Species Pep . Breeders
Conmon Wetland Semipalmat ed Sandpiper 21.0 43.9
Breeders Western Smdpiperp P 17.2 11.9
Dunlin 9.6 9.9
Northern Phal arope 22.5 25.9
Unidentified Sandpipers 11.8 1.1
Total 82.1 92.7
Uncamoon Wetland Black Turns tone 0.8 1.6
Breeders Comon Shipe 0.5 0.4
Long-billed Dowitcher 4.4 0.5
Total 5.7 25
Uplend Breeders Amer icen Golden Pl over 2.0 102
Whinbrel 1.3 1.0
Bar-tailed Godwit 2.4 2.2
Total 5.7 4.3
Occasional Breeders Black-bell ied Plover 0.2 0.1
Semipalmated Plover <0.1 <0.1
Solitar iper < 0.1 <0.1
S
0 dpiper <0.
Least Sandpiper <:: <0.1
Hudsoni en Godwit <0.1 <0.l
Total 0.5 0.2
Migrants Ruddy Turns tone 0.4 <<0.1
ird 0.2
Wender ing Tattler < 0.1
Pectoral Sandpi 25 <01
ec tor iper . .
Suarp-—tai?:ri%andmper 0.3
Reek Sandpiper 0.2
Rufous-necked Sandpiper 0.3
BairdVs Sandpiper 0.2
Sander] ing < 0.1
Red Phal arope 1.6 <0.1
Total 55
Unidentified Shorebirds 0.5
TOTAL 100.0 100.0
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2. Common Wetland Breeders
{a) Habitat Use

{i) Breeding — Jume., Western and Semipalmated Sandpipers, Dunlin,
and Northern Phalaropes are ell common wetland breeders, yet they have
different habitat needs, Figure 43 illustretes hebitat use by the four
common wetland shorebirds in June when all are breeding. The most impor-
tant shoreline habitat was exposed south shores with wet tundra (especially
for Semipalmated Sandpipers). Protected shores with moist tundre, wet
tundra, and spits also received concentrated use. Away from the shore, wet
tundra was more important for all species than was moist tundra, except for
Western Sandpipers.

Tundra Habitats. The characteristics of wet tundra (a non-shoreline
habitat) have been enumerated in Chapter IV, "Study Area.” It can be
briefly summarized es a generally flat, low-lying erea, primarily vegetated
with grasses and sedges. A mosaic of ponds end lakes sometimes cover as
much as 50% of the total area. Many ponds are surrounded by lush sedges,
and mare's-tail (Hipporus), an emergent aquatie, is common in shallow ponds.
Most of the Norton Sound eoastal wetlands are periodically flooded by fresh
or salt water, and this probably contributes to their productivity. These
areas are often part of or associated with river deltas. Subarctic shore-
birds are primarily insectivores on their breeding grounds (Holmes 1966a),
end the sbundance of insects on wet tundre is the primary factor for
shorebirds' choosing this habitat (see Chapter VI, Part Two, "Irophic
Systems"),

Semipalmated Sandpipers reached their greatest breeding densities on
wet tundra (268 birds/km* at Koyuk, 170/km“ average for all wetlands in
Norton Sound; see Table 21 below). They use this habitat for nesting, and
they elso do most of their feeding here, both on and off their territories
(Ashkenezie and Safriel 1979). They also nest on vegetated spits and feed
on the lagoon shores of these spits. Dunlin also nested on wet tundra in
areas very similar to those chosen by Semipalmated Sandpipers, though at
considerably lower densities (maximum of 96/km® at Stebbins, average of
511;/l¢:m2 for all wetlands), They fed primerily along pond edges, but their
feeding is mueh more likely to be limited to their own territories (Holmes
1870).

Northern Phalarcpes also rely primarily on wet tundra, where their
densities (meximum of 151 km? at Stebbins, everage of 110/km? for all
wetlands) were second only to those of Semipalmated Sandpipers. Generally,
they nest in wetter ricrohebitats than the other species. Their nests are
usually close to a pond and the vegetation is higher than that surrounding
Semipalmated Sandpiper or Dunlin nests. Unlike the other three species,
which feed primarily on the pond edges, Northern Phalaropes often feed
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Figure 43. Habitat use by the common wetland shorebirds in June. Data are from
1980 land surveys and apply to habitats in the inmediate vicinity of wetlands.
Shorelines received moderate use in June, nostly by Semipalmated Sandpi pers.

O the non-shoreline habitats wet tundra was nore ‘used by breeding shorebirds
than was noist tundra, except by Western Sandpi pers, Since these data were

col l ected near wetlands, the densities for noist tundra and for shorelines

are probably higher than would be expected away from wetl ands.
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while sitting on the W-face of the ponds, They may employ one of several
feeding methods; these Include spinning in a eircle while pecking at the
surface, "up-ending®™ like @ dabbling duck , or snapping at flying insects
(Hohn 1879). Red Phalercpes often feed elong pond edges (Ridley 1980),
end we observed Northern Phalaropes feeding there, primarily upon adult
insects,

Before chick hatching Western Sandpipers were most common on moist
tundra (Figure 43), but mewed to adjacent wet tundra after hatching (Figure
44). Moist tundra vegetation probably allows for greater breeding siccess,
since the nests and young are harder to find there than on wet tundra
(Holmes 1971). This advantage is probasbly enough to offset the extra
energy adults must expend traveling from moist tundra nest sites to the wet
tundra where they usually feed. Feeding on moist tundra nesting territories
is less frequent and mainly oceurs eerly in the breeding season (Holmes
1972). Because of this, smaller territories suffic e, and breeding densities
on mMoist tundra ere higher than they otherwise eould be if the birds fed
exclusively on territory (Holmes 1971). A few days after the young hateh,
the parents lead them away from the nest site to more productive wet
tundra habitat and to protected (lagoonal) shore habitats and river mouths
(Figure 44). By mid=July these moist tundra aress in Norton Sound support
few Western Sandpipers (Figure 44),

The other three common wetland shorebirds meke minimal use of moist
tundre habitats in Norton Sound. Semipalmated Sandpipers sometimes nest
here, and w h e n they do they occupy different microhabitats than those
chosen by Western Sandpipers. Westerns prefer a more hummocky tundra
composed of & rich sssemblage of grassw, sedges, lichens, mosses, and small
shrubs such as Crowberry (Enpetrum migrum) and Dwerf Birch (Betulzs nana).
It is both structurally end vegetatlvely more complex than either the moist
or wet tundra sites preferred by Semipalmated Sandpipers. Semipalmated
Sandpiper nesting sites on moist tundra are generally flatter, drier, and
with less vegetation.

The moist tundra densities shown in Figure 43 are higher then would
be found on moist tundra away from wetlands. These densities were
compiled mainly from hummocky moist tundra (hummocks are of heaths)
adjacent to or intermixed with wet tundra. The tussocky moist tundra
(tussocks are of sedges or grasses) which covers large areas of coastal
Norton Sound (see Chapter IV, "Study Area") has fewer small shorebirds.

Shoreline Hab jtats. Although tundra hebitets were used most exten-
sively by the breeding shorebirds, they also made use of shoreline habitats
in June. Semipalmated Sandpipers w er e gquite numerous on exposed beach
backed by wet tundra, principally at Koyuk. They nested on the tundre
close to the beach, and often fed upon the mudflats there. No other
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Figure 44. Habitat use by the comon Wetl and shorebirds in July. Data are
from 1980 land surveys and apply to habitats in the immediate vicinity of
wet| ands. Semipalmated Sandpi per densities dropped on shorelines and tundra
since June while phalaropes becane nore commopn on wet tundra (non-shoreline)
and this was mostly due to the production of young. western Sandpipers
became nore conmon al ong protected (lagoonal) shores, Dunlin densities
dropped on wet tundra (non-shoreline)
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shorebird species was common in this habitat in June, nor were any other
exposed shoreline habitats very much used in this month.

] Semipalmated Sandpipers were common in ail lagoonal (protected shore-
line) hebitats. Shorebirds in such areas are able to feed along the lagoon
ghores and nest on the adjacent tundre, where they amiso feed. The tidal
range is generally quite small in June, but the lagoons are often so shallow
that even with fluctuations of one meter extensive tide flats are exposed.
Dunlin, Western Sandpipers, end Northern Phalaropes were present in low
densities on lagoon beach shorelines.

(ii) Post-Breeding (Except Koyuk) — July. The four major wetland
breeders exhibited post-breeding chenges in habitat use (Figures 44 and
45), These are related to the temporal productivity of various habitats and
the energy demands of molt and migration. July and August are shown
separately, because habitat use for some species differs between months.
Koyuk is discussed separately (Figures 46 and 47) because it showed habitat
use patterns different from those of other areas.

Tundre Habitats, In July (Figure 44) Semipalmated Sandpiper
densities dropped drastically et both shoreline and non-shoreline habitats.
Wet tundra densities of both Western Sandpipers and Northern Phalaropes
increased while Dunlin densities dropped. Densities of both Semipalmated
end Western Sandpipers on moist tundra dropped in July.

Shoreline Habitats. Semipalmated Sendpipers and Northern Phala-
ropes were less croon atell shoreline habitats than they were in June.
Western Seandpipers increased on shorelines, particularly in lagoonal habitats
(protected shores) as they moved from tundra habitats to the littoral zone.
Dunlin densities remeined at the same low levels as in June. Northern
Phalaropes econtinued their low use of shoreline habitats.

(iii) Post-Breeding (Except Koyuk) — August.

Tundra Habitats. The mein change in wet tundra habitats in August
was the decremse of all species except Dunlin, whose densities remained
similar to July levels (Figure 45). Western Sandpiper, the only shorebird
commonly found on molst tundra in July, decreased in that habitat in
August, leaving few shorebirds associated with moist tundra.

Shoreline Habitats. The increase in Western Sandpipers on protected
shorelines that beg an in July Continual in August. Many Of the uniden-
tified sandpipers Seen on protected shores in August were probably Western
Sandpipers. Semipalmated Sandpipers were few on all shorelines, as nearly
aell had left the ares. Both Dunlin and Northern Phalaropes were still at
low densities along shorelines, though phaleropes were somewhat m O r e
common along lagoonal (protected) shores.
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Figure 45. Habitat use by the commpn wetland shorebirds in August. Data are
from 1980 land surveys and apply to habitats in the imediate vicinity of
wet |l ands. Few Semipalmated Sandpi pers remained in any habitats since July,
and all species, except Dunlin, decreased ontundra {non-shorel ine) habitats.
West ern Sandpi pers continued to increase in densities along protected shores,
and these were alnost entirely juveniles.
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Habitat use by the common wetland shorebirds at Koyuk in
July . Data are from 19801andsurveysapdaﬁplytx)habitatsinthe.

immediate vicinity of the wetland. Koyuk IS {

€ only area where

shorebirds made considerable use of shorelines backed by wet tundra.

The mudflats exposed at

low tide there received greater use than did
mudflats elsewhere inthe sound. WesternSandpipers(including

many

of the unidentified sandpi pers) were the nost abundant of all. On the
tundra (non-shoreline) habitats phalaropes wWith their young were the

most abundant .
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Figure 47. Habitat use by the common wetland shorebirds at Koyuk in
August.. Data are from 1980 land surveys and apply to habitats in the
immediate vicinity of the wetland. The unidentified shorebirds remain-
ing on the shoreline (mudflat) were mostly Western Sandpiper juveniles.
Only punlin and Northern phalaropes remained on the wet tundra (non
shoreline) . semipalmated Sandpipers, once abundant in May, June, and

July, have alnost entirely departed (sonme may have been unidentified).
See the caption to Figure 46 for additional information.



(iv) Post-Breeding (Koyuk). Koyuk (Figures 46 and 47) was the only
eree where shorebirds made considerable use of an exposed shoreline backed
by wet tundra, The mudfiats there received far greater use than those of
eny other wetlands in the Sound. Semipalmated Sandpipers were common on
the mudflets in both June and July, though July densities were propor-
tionately larg er. Western Sandpiper numbers inecreased from June to dJuly,
despite a decremse on the wet tundra (see Tables 20 and 21). Mudflat
populations of Westerms were surely higher than shown because the majority
of the unidentified sandpipers were probably Westerns. Dunlin and Northern
Phalaropes showed & Similar pattern, though their overall numbers decreased,
These trends imply a shift from wet tundra to shorelines from June to July.

In August at Koyuk, unlike other areas, Western Sandpiper numbers
decressed, while Dunlin numbers increased. Westerns were almost exclusively
on the mudflats. Dunlin were primarily on wet tundra, though larg e flocks
could occeasionally be seen feeding on the mudflats, Shields and Peyton
(1979) report that late August to early September was the peak time for
shorebird use of intertidal mudflats on the Akulik-Inglutalik Delta. We
found peak mudflat densities in mid to late July at the nearby Koyuk delta.

{(¢¥) Tundra ws. Shoreline. The degree of shorebird use of and
dependence on littoral habitats is of particular interest, since these
habitats are most susceptible to sueh disturbances as oil spills. Shoreline
usege patterns tend to vary with the season (see Figure 49), The densities
shown in Figures 48 and 49 for tundra and littoral habitats are not directly
compareble due to inherent differences between lineer and areal habitats.

In Mey the bulk of Semipalmated Sandpipers were to be found on
tundra habitats, but they also fed commonly in littoral areas. The popu-
lat ion size increased considerebly in June, but littoral densities deer eased
since most Semipalmated Sandpipers were feeding along pond edges and
other tundra habitats. July showed further decreases in littoral densities,
but this was mainly due to an exodus from Norton Sound in this month,
Juvenile Semipalmated Sandpipers were still quite common in many littoral
areas in eerly to mid-July., By August there were very few Semipalmated
sandpipers left in Norton Sound.

Western Sendpipers could be found feeding in littoral habitats in both
May end June, but they were much more common on tundra habitats. In
July there was & noticeable influx of juvenile Westerns onto littoral
habitats, resulting in the highest littoral densities for this species. By
August the southward migration of most adult and many juvenile ‘Westerns
had lowered densities. Juvenile Westerns were still fairly common in littoral
habitats, though by September very few remained in Norton Sound.
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Teble 20. Summary oOf shorebird migration in Norton Sound.

e e o e e o e e e e o o e e e o e e e e i o e S S o o B o o e i om e S S e e e B

Spring Migration Fall Migration

Range or Range or
species ... 1st Date Peak Date last Date Peak Date
American Golden Plover 5/12 N7 9/13 9/9
Black-bell ied Plover 521 NN 9/13 NN
Whimbrel 5/14 NN 8/28 8/17
Bar-tailed Godwit 5/11 NN 9/9 8/25
Long-billed Dowitcher 5/14 5/15 7/30-9/27 97
Ruddy Turns tone 5/14 NN 8/8 7/3
Black TurnStone 5/12 NN 7/15-8/31 Late July
Rock Sandpiper 6/1 NN 8/3-9/27 NN
Pectoral Sandpiper 5/11-6/3 NN 7/2-9/14 9/5
Red Knot 5/29-6/8 6/4 7/27-8/12 NN
Dunlin 5/7 NN 8/25-9/21 9/12
Baird's Sandpiper - - 7/4-9/27 -
Semipalmat ed Sandpiper 5111 NN 6/28-8/5 7/10
Western Sandpiper 5/11 NN 7/10-8/31 “A25
Red Phalarope 5/30-6/21 6/4 - T
Nor them Phalarope 5/11 NN 6/25-8/31 7/31

TR T Y N e e e . e e e i e o T G e T B o o T S T e e e i S o A e o G T B o A Y e o e e e S T o e - e W G s S S i A e e o e
- e o e v e . o i e e e ke e i - o~ - - o - s T " A e S T S s e e M - — - ———

IDates include information from both 1980 and 1981, and cliff er ences
between these years did not exceed seven days for any event. Peak dates
are based on observations of migrant flocks.

2NN = Migration peak was not noticeable,
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Teble 21. Shorebird breeding populations on Norton Sound wetlands in June, 1980..1

e o o s S T W et O A B D S L A W W £ Sy G i ey S M o ot w20 o - o —— e o > e e s vt e 2
o o . 0 T o A e e i W S50 S 4 00 U0 G 0 LS 2B £k ST S0 s T e e s s ARy

ipalmated Western Northern Total
San %iger Sandpiper Duniin 0 Phalerope Populagion

g No.o %o of No,of % of No,of % of No. of% of No.of % of
Wetlend Areas Em Indiv. Total Indive Total Indive. Total Indiv. Total Indive. Total
Brevig Lagoon 6.6 2311 0.3 92 1.1 125 0.5 86 0.2 514 0.3
Port Clarence 134 750 0.9 2,425 29.6 898 3.8 509 1.0 4582 2.8
Imuruk Basin 410 4,141 52 369 4.5 41 02 4,182 8.1 8,733 5.3
Woolley Lagoon 6.8 456 0.6 218 2,7 326 1.4 116 0.2 1,116 0.7
Nome 0.5 27  0.03 0 ] 0 0 4 0.01 31 002
Safety Lagoon 346 2160 27 2,630 321 1,003 42 2,041 3.9 7,834 4.8
Fish River Delta 38.5 4,659 5.8 655 8.0 1,386 5.8 2,695 5.2 9,395 8.7
Moses Point 49,9 7,385 9.2 50 0.6 848 3.5 7,435 14.3 15,718 9.6
Koyuk 61.4 16,455 2003 553 6.8 3,070 12.8 8,228 15.9 28,306 17.2
Shaktoolik 51.3 359 04 513 6.3 0 0 1,026 2.0 1,898 1,2
Unalakleet 4.6 ch NC NC NC NC NC NC NC NC NC
Stebbins 169.0 43,602 544 876 893 16,224 67.8 25,519 49.2 86,021 52 .4
Totals 487.6 80,205 8,181 23,921 51,841 164,148
Percent Total Population 48.8 5.0 i4.6 31.6
AversgeDensity 170/km? 17/km? 5 1/km? 110/km? 349/km?

Ipata were derived by multiplying mean birds/km &t each area in June by total area of each wetland
(non-shoreline \Wet tundra habitats only).

2Not censused.

3D:;a were derived by dividing the total population by 470 kmZthe total area of wetlands excl udi ng
Unalakleet.
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Figure 4B. Seasonal abundance of the common wetl and
shorebirds on tundra (non-shoreline) habitats. Data are from
1980 land surveys except in My which includes 1981 dat a.
Tundra densities fall 1n July and August after the nesting
season, particul arlg for Sem palmted and Western Sandpipers.
bunlin increase in Septenber due to an influx of birds,
apparently from the north.
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Figure 49. Seasonal abundance of the common wet|and shorebirds
on shoreline habitats, Data are averaged from 1980 and 1981

|l and surveys. Shoreline habitats were nost used in May W-
palmated Sandpi pers and phalarcpes. western Sandpi pers,

juveniles, moved to shor gh nes ‘in July and were the NDSt common
shorebird there in that nonth as well as In August when densities
dropped somewhat. Dunlin were nbst abundant on shorelines in
september when they were Virtually the only shorebirds present.
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Dunlin mede little use of littoral habitats throughout mest of the
summer in Norton Sound. By mid-August littoral densities began to
i ncrease, and adult and juvenile Dunlin were common in both |ittoral and
tundra hebitats in September. These W er e prcbably birds from arctic
breedi ng grounds {(Holmes 1966b).

Northern Phelaropes also made little use of littoral habitals. Though
they could occesionally be seen feeding ON tidal mudflats along With other
shorebirds, they generally fed in Or along the edges of tundra ponds and
lakes. Their littoral densities were highest in May, when they were arriving
on the breeding grounds; end it is possible that they feed offshore in
Norton Sound during spring migration.

Figure 49 elso suggests resource partitioning of the littoral zone by
the three sandpipers, As Semipalmated Sandpiper densities on littoral areas
began to drop, Western densities increased. Similarly, s Western densities
tapered of f, Dunlin densities rose,

(b) Seasonal Abundance

(i) HMey. Migration in spring is short-lived ¢ ompared to the
protracted fall movements. In May most of the shorebirds that nest on
Norton Sound wetlands arrive on the breeding grounds. Individuals of the
four common wetland breeders appeared within a few days of each other,
with Northern Phalaropes the last to arrive (Teble 20). The earliest
arriving birds congregated around patches of open tundra during the first
week of May. But the end of the third week in May, most of the snow had
melted and the birds had dispersed to breeding sites. By the end of the
month, most shorebirds had begun incubating.

Figures 48 and 49, showing seasonal use Of shoreline and non-shoreline
habitats, combine May data from both 1980 and 1981, since only five of the
13 study areas were censused in May 1980. Three of these five areas
proved to have fairly insignific ant popul ati ons of breedi ng shorebirds (see
Table 21). The insertion of the May 1981 data gathered at three of the
more productive Wetland sites gives a more accurate picture of May
densities than the 1980 data alone. Densities for all other months were
compiled from 1980 data only.

(ii) June. Shoreline densities for all species decreased from May to
June, while nom-shoreline (tundra) densities i ncreased for all species except
Western Sandpipers (Figures 48 and 49).

By mid-June smsall flocks of failed or nom breeders were noted, though
most birds were on eggs and displ ayi ng males were evident. The hat ching
of young further increased June d ensities, despite their adept ness at hiding.
After hatching in mid to late June, Westerns, Semipalmated Sandpipers, and
Dunlin frequently left their territories with their young for communal
feeding arees.
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{1ii) July. The most dramatic change in July was the precipitous drop
in Semipalmated Sandpiper densities, in both shoreline and tundra habitats.
By early July nearly all young had hatehed, and many were fledged. The
females desert their broods two to eight days alter hatching (Ashkenazie
and Safriel 1879), end by fledging most had probebly begun their southward
migration. The males remain with the young until fledging, at which time
both parents and juveniles join flocks of other sandpipers. By the end of
July, most Semipalmated Sandpipers had left Norton Sound, and only a few
juveniles remained.

Western Sandpiper densities increased in July, particularly at Safety
Lagoon. This incresse was probably due meinly to the production of young
by birds nesting in coastal Norton Sound. Mixed flocks of both juveniles
and adults were common in eerly July, but by the end of the month many
adult Westerns had departed.

Northern Phalerope densities remained fairly stable from June to July.
By early July most female phalaropes had departed. Mixed flocks of males
and juveniles formed in mid-fuly and began to move out of the area by the
end of the month,

Dunlin densities decreased on tundra hebitats but remained stable on
shorelines in July, indic Sting a major movement out of the Sound by this
species. Holmes (1966b) has reported that given favorable weather and a
good food soure e, many Dunlin will remain in the arctic or sub-arctic to
molt. First primaries, then body feathers are molted; and this is generally
completed before the birds migrate south., Our data indicate that many
Dunlin, particularly adults, left Norton Sound before they had time to finish
their molt. It is possible that many were females. Soikkeli (1967) reports
that in southern Finland the females desert their broods shortly after
hatching and head south around ten days after the young hateh. The
departure of Dunlin from Norton Sound before molting is an indication that
prey densities are too low to support molting.

Semipalmated Sandpipers ex hibit quite e different molt pattern. Th ey
leave the breeding grounds in mid-summer and do not molt until they reach
their wintering grounds (Holmes 1972).

Both Western Sandpipers and Northern Phalarcpes exXx hibit an inter-
mediate sirategy. Westerns begin molting in late June, suspend the molt
during migration, and complete it when they reach their wintering grounds
(Holmes 1972). We observed some Northern Phalarope adults molting body
plunage on the breeding grounds. Some males were in nearly complete
winter plumage before southward migration. Many birds, however, appeared
to leave before molting, and all of them wait until reaching the wintering
grounds before they molt their flight feathers (Palmer 1972). Those birds
that do begin molt on the breeding grounds probably errest it before
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migrating.

Both molt and migration are energy-demanding processes and it is
most likely that the different patterns shown by these f our species of
shorebirds sare directly related tothe energy demands of their particular
migration routes. Semipelmated Sandpipers winter in the southern hemi-
sphere, and thus leave their breeding grounds early and postpone molting
until errival on the wintering grounds. This early departure may allow them
t0 escape the mid and late summer food shortages that often occur on the
tundra (Holmes 1872). Westerns winter in the southern part of the northern
hemisphere and do not. haeve as far t0 go as Semipalmated Sandpipers. They
can afford the energy expenditure of beginning their moltin the north,
Dunlin winter even further north, so if weather and food conditions permit
they can complete their molt before migrating. Northern Phalaropes also
winter in the southern hemisphere, They probably find plentiful food
supplies on their journey south over the ocean, and thus are able to
initiate a body molt on their breeding grounds.

{iv) August. On tundra habitats the four principal species of shore-
birds showed a decrease in numbers from July to August. Tundre phalarope
densitiesdr opped most sharply, i ndicating a Maj or movement out of Norton
Sound by this species. This was heralded by mixed floeks of up to 200
adults and juveniles formng on wetland ponds in mid to late July. Very few
Semipalmated Sandpipers remained by August.

Dunlin densities in August were similar to those of July for both
shoreline and tundra habiats. This is probably due to movements of loecal
birds out of Norton Sound, while Dunlin from arctic areas drift in (Holmes
1966b).

Western Sandpiper densities decreased on shorelineand t undr a habitats
from July to August. Even so, they were the nost abundant shorebird in
August . Since most Of t he adultsleft inlate July, thisfurther decrease is
caused by the wave of migrant juveniles which leave by mid to late August
(Holmes 1972).

(¢¥) September. Three of the four common wetland breeding shore-
birds left Norton Sound by early Sept ember . Dunlin was the only one of
the four species to remain, and was more abundant in September than in
previous months in both shoreline and tundra habitats. F'leeks of upto 100
Dunlin were common. Both adult and juvenile Dunlin from are tic breeding
grounds moved into coastal western Alaska in late August and September.
‘They feed there on wetlands and tide flats until late September or October,
when they depart on a direct and rapid flight to their wintering grounds
(Holmes 1966b).
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{c) Geographie Distribution

(i} Breeding Seasom. M ceding shorebird popul ations vary consid-
erably between the major wetlands of Norton Sound. Differences between
these areas will be presented for the four principal nesting species. June
distributions, when shorebirds are nesting end et peak density, will be
discussed first, with the post-breeding distributions in July end August
presented last,

Table 21 lists the total breeding population for each of the primary
species of breeding shorebirds in each major coastal wetland; this shows
some general frendsin shorebird distribution around Norton Sound.
Semip almated Sandpipers were fairly common at all of the larger wetland
sites with the exception of Shaktoolik. The same is also true of Northern
Phalaropes. Dunlin showed an east-west gradient, being most abundant in
the eastern and southeastern Sound and decreasing to the west. \Western
Sandpipers demonstrated a patternin reverse of that for Dunlin, having low
numbers in the east and higher populations at two western sites. Low
numbers of all species at the extensive Shaktoolik wetlands indicate that
this area isless biologically productive than superficial.ty similar habitat
elsewhere. The ensusing discussion begins with wetlands having the highest
populations and ends with the least-used wetlands,

Stebbins had by far the larg est populations of Semipaimat ed Sand-
pipers, Dunlin, and Northern Phalaropes. This is due both to its larger Size
and to its greater densities of breeding birds when compared with other
wetland sites. This area contains a profusion of ponds, lakes and channels,
and an apperently very productive wetland habitat. Because of itS low-
lying nature and exposed coastline it is subject to periodiec flooding. This
generally happens during fall storms, but sometimes during the breeding
Season. A mejor result of flooding is to replenish the nutrients of this
wetland ecosystem. Its proximity to the Y-X Delta probably also contributes
to the remarkable sise of the Stebbins shorebird populat ions. Hersey (1917)
reported that Western Sandpipers were the most common shorebird at
Stebbins and did not even mention Semipelmated Sandpipers. Either the
shorebird populations of Stebbins have chang ed significantly since 1915
(when he lived there) or Hersey mMiSstook Western for Semipalmat ed
sandpipers.

The distributional fan of the Koyuk River is similar to t h e Stebbins
area in many respects, and it has the second largest population of breeding
shorebirds, Our data show that about 17% of the total breeding population
of the four mejor species of shorebirds in Norton Sound nested here. The
densities for Semipalmated Sandpipers and Northern Phalaropes are compar-
able to those of Stebbins, but the Koyuk ares is only one-third as large.
The Koyuk delta has a similar mosaic Oof ponds and lakes surrounded by wet
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tundra vegetation. It is also periodically flooded by storm tides, but this
probably does not heppen as frequently as at Stebbins, because the ice
forms earlier at Koyuk and acts as a buffer to prevent flooding. The
Koyuk area also differs from Stebbins in that it has muech more extensive
mud flats.

The wetlands of Moses Point, Imuruk Basin, the Fish River Delta, and
Safety Lagoon all have protected (lagoonal) shorelines with river input.
Although With not as many ponds as Stebbins and Koyuk, the ponds they d o
have coupled with their lagoons attract moderately high densities of shore-
birds.

Moses Point IS alarge wetland area enclosing the mouths of the Kwik,
Tubutulik, and Kwiniuk Rivers. Its Northern Phalarope densities were
comparable to those of Stebbins and Koyuk, but densities for the other
species were considerably lower. Imuruk Basin is mueh shrubbier than the
other wetland areas because Of its protected inland location. It also had
moderately high densities and numbers of Semipalmated Sandpipers and
phalaropes.

Although Sefety Lagoon also has prime wetland habitat it iS not as
monotypic as the other wetlands. It containsa patchwork of moist tundra,
w et tundre, and Spit habitats, which probably contributes to its high
Western Sandpiper densities and numbers (32.1% of the total, Table 21).
The remaining areas all had small populations of’ breeding shorebirds.

The Port Clarence wetlands are characterized Dy salt-washed tundra
sprinkled with large ponds and lekes intermixed with moist tundra. Though
shorebird numbers were generally low there, it had the highest density of
Western Sandpipers.

Shaktoolik wetlands ecover a sizeable area, but had little su itable
habitat for breeding shorebirds. Log istic al problems kept us from censusing
north of the Shaktoolik River. This area (including Malikfik Bay, 5 km
north Of Shaktoolik) appears to have nore suitable habitat t han where we
surveyed, so our shorebird densities and popul ati ons for this area are
probably low, Frem the air, however, we saw low productivity for most
species, SO it is notlikelythat thi s area is significent for shorebird
breeding.

Woolley Lagoon has good wetl and habitat, and due t o its exposed
coast is subj ect toperiodicflooding. It is very limited in size, and had
only mederate breeding densities and low populations. The Brevig Lagoon
erea possesses limited wetland habitat, and is mostly dry and sparsely
vegetated with low shorebird densities.

Both Nome and Unalakleet (which was not censused in June) had very
little suitable habitat, end this is reflected inlow densities and populations
at both sites,
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(ii) Post-Breeding — dJuly. Thisandthe succeeding discussion for
August are arranged by species. By July many Norton Sound shorebirds had
begun their southward migrations. Wetland sites supported larg e post-
breeding concentrations of shorebirds that were often quite different from
breeding concentrations.

Semipalmated Sendpipers were first to leave (See sub-section (b),
‘seasonal Use™. In July their numbers decreased dramatic ally from June
(Tables 21 and 22). Stebbins remained the most important area for these
birds in Norton Sound. Though the density there was less then that of
Koyuk, its lerger size supported a larger population of Semipalmated Sand-
pipers (Table 22). Nearly all of these birds at both loc ations were juve
niles, probably the young of local breeding pairs. By early July most adult
birds had left. Safety Sound and the Fish River Delta all contained signi-
ficant populations of Semipalmated Sandpipers, though they were much
reduced from June levels. Brevig Lagoon had a fairly high density but
smell total popul ation.

Western Sendpipers. Safety Sound was the NDSt important area for
Western Sandpi pers in July. There were over four times as many as in June,
and t hese were mostly j uveni | es (94%). These probably came fram nearby
and inland nesting areas, and possibly from farther north.

Koyuk also had significant numbers of Westerns in July, exceeding the
June populations more than eight times. Most were juveniles, often found
feeding on the tidel flats., Port Clarence and the Fish River Delta alSo had
fairly sizeable populations of Western Sandpipers in July.

Dunlin, Stebbins also had the greatest number of Dunlin in Norton
Sound in July. This population was much smaller than the breeding popu-
lation, indicating that most birds had already left by mid-July when Stebbins
was censused. The 1980 census (16 to 22 July) indicated that adults were
slightly more numerous than juveniles. The young, however, are more easily
overlooked, particularly before fledging. In 1981 (22 to 29 July) juveniles
were twice as numerous as adults.

Koyuk and the Fish River Delta also had sizeable Dunlin populations,
though these were far below breeding levels. M oSt birds appear to have
left soon after fledging, and it is possible that some adulis, probably
females, leave before the young have fledged.

Northern Phalaropes. Stebbins was the overwhelming population
center for Northern Phalaropes in July, with over twice as many as in June.
These birds were nesrly ell juveniles and adult males, because the adult
females leave early, It is likely that these were all local birds. The popu-
lation Size and composition indicate that in 1980 Newt.han Phalaropes at
Stebbins had a breeding success of 2.6 fledged young per pair of feeding
gdults. Data for 1981 sre not available., By mid-July Northern Phalaropes
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Table 23. Shorebird posti-breeding populations on Norton Sound wetlands in July and Aumgust 198091

== e e e R e ——————

Unidentified
S?gmpg;?mted Western Dund ggr ithern Smmil Total ;
per Sandpiper R al arope Sandpipers Population
Wetland Aress HEn®  July Aug. duly Aug. July Aug. Sept. July Aug., dJuly Aug. No. %
Brevig Lagoon 6.8 211 0 92 0 125 i3 NC 86 112 0 13 652 05
Port Clarence 13.4 228 5 1,072 1,273 147 40 NC 1,300 188 415 670 5,388 4.3

Imuruk Basin? 41,0 NC NC N N N N N N N N X - =

Woolley Legoon 6.8 20 53 109 401 34 75 204 129 0 75 510 1,610 1.3
Name 0.5 5 0 52 7 0 0 0 2 0 4 0 70 0.6
Safety Lagoon 34.6 1,384 35 11,280 3,218 484 1,419 2,526 1,453 727 4,3601,603 27,889 224
Fish River Delta 38.5 616 39 963 154 655 154 847 2,002 732 2,0411,194 9,397 7.6

Moses Point 49.9 0 0 200 0 250 50 3,393 2,695 1,248 1,597 O 9,433 7.6
Koyuk 61.4 468 O 1,221 36 169 1,792 NC 2603 1,044 1,244 155 8,732 7
Shektool ik 51.3 0 NC 0 NC 0 NC NC 266 NC 0 NC 206 0.2
Unalskleet 14.6 730 0 0 0 0 0 NC 173 0 0 0 903 0.7
Stebbins 163.0 3,211 0 338 169 4,732 845 NC 46,306 1,104 2,0281,521 60,164 48.3
Total s 6,873 132 15,327 5,258 6,596 4,375 6,970 57,015 5,065 11,764 5,066 124,454

% of Total Population 5.5 0.1 12.3 42 5.3 35 5.6 45.8 4.0 9.5 4.0

% of Total lation 5.6 16.5 14.4 14.9 135

July & Aug, ined

1Data were derived by multiplying mean birds/km2 at each area in July and August by total area of each
wetland (non-shoreline wet tundra habitats only).

2Not censused,



wer e floeking in groups of 100 or more birds, By late July the phalarope
populations of Safety Lagoon, the Fish River Delte, Moses Point, and Koyuk
were smaller than the breeding populations at those sites.  Phalaropes
remeined in Stebbins later in the year than they did in the more northerly
wetlands,

(iii) Post-Breeding — August,

Semipalmated Sandpipers. August shorebird populations were
consid erably lower then those of June. Very few Semipalmated Sandpipers
remeined in any area. Those that did were all juveniles and were probably
traveling through Norton Sound on their way south from are tic breeding
grounds,

Western Sandpiper numbers were also reduced, though not so
drastically. They were most numerous at Safety Sound, and the majority
were juveniles. Port Clarence also had a sizeable population, showing &
marked increase over July. These birds probably came from arctic breeding
areas, Koyuk would likely have shown a much larg er population if it had
been censused in early rather than late August,

Dunlin numbers at Stebbins decreased by 86% from July to August,
Most other areas showed a decrease from July, whereas Koyuk maintained a
fairly high population, end Safety Sound's Dunlin population increased.
T hese included juveniles and adults, and most were probably from are tic
breeding grounds (Holmes 1966b).

Northern Phalarope populations also dropped in August, particularly
at Stebbins, where they were only 2% of July's population. Moses Point and
the Fish River Delta were the two other major areas for thi s species in
August,

{iv) Post-Breeding — September. In September, Dunlin were the
only one of t he four commDn species present in any number. The other
three were either totally absent or present in only very small numbers,
Dunlin populations actually increased in September due to an influx of
birds, probably from arctic breeding grounds, Although only a few areas
were censused in September, they all showed significant increases; parti-
cularly at Moses Point, with its 50-fold increase. Other areas had three-
to seven-fold increases of both juvenile and edult Dunlin. It is likely that
both Stebbins and Koyuk (which were not censused in September) experi-
enced a similar influx of Dunlin, and that our total September population
estimate for this species is too low.

Our wetland eerial surveys in September indicate that Koyuk had
shorebird numbers similar to those of Moses Point, while densities at
Stebbins were only half those of Koyuk. The aerial data also indic ate that
the Fish River Delta hed shorebird densities comparable to Moses Point very
early in September (Table 23).
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Table 23, Small shorebirds on wetland air surveys in September
1880.1

Area o 2. 3 6 10 17 28 28 _
Port Clarence 202 262

Imuruk Basin 60

Wool 1 ey Lagoon 1,213

Safety Lagoon 152 10$ 14

Fish River Del ta 386 1,392 40 10

Moses Point 795 382 399 103 52
Koyuk 693 34 50 4
Shaktool ik 248 153 176
Unalakleet 0

Stebbins 8o 2

These data are actual counts fram wetland aerial surveys.
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To summarize, for the post-breeding distribution of the four common
wetland shorebirds in Neorton Sound, Stebbins is the most important area in
July, mostly due to a very lerg e population of Northern Phalaropes. It al so
had signific ant nunbers of Dunlin and Semipalmated Sandpipers. Safety
Lagoon also had & large shorebird population in July, particularly of
Western Sandpipers. The Fish River Delta, Koyuk, and Moses Point were
also important wetland areas for migrating shorebirds in July.

In August, Sefety Lagoon had the larg est shorebird population,
consisting meainly of Western Sandpipers and Dunlin. Stebbins, Koyuk, and
the Fish River Delta were also important staging areas for shorebirds in
August.

By September few shorebirds except Dunlin were left. They concen-
trated on wetlands and tide flats at Moses Point, Safety Lag eon, and the
Fish River Delta. Koyuk end Stebbins probably had signific ant concen-
trations of Dunlin in September, but were not censused.

(d) Nesting Phenologies

Many shorebirds deal effectively with the shortness of arctic summers
by heving @ shortened breeding eyele. They often depart within six to
eight weeks after their arrivel, having successfully raised their young to
independence.

All four of the common wetland breeders arrived on the breeding
grounds as soon as the snow began to disappear from the tundra. ‘ The date
of their arrival veries from year to year depending on the weather. Both
1986 and 1981 hed relatively early springs, and the first birds arrived
around 7 May (Table 20). They finned small flocks at first, gathering to
feed in snow-flee ereas and on melt pond edges. As the snow and ice
melted from the tundra the birds dispersed. Aggressive behavior increased
as males (females in the case of the phalaropes) established and defended
territories. Courtship displays were much in evidence and pair formation
occurred a few days after the territories were established. Nesting began
within two weeks {(and often sooner) of the birds' arrivel on the breeding
grounds.

{i) Semipalmated Sandpipers. In 1980 the peask leying date for
Semipalmated Sandpipers wes 5 June (Figure 50). Laying began earlier in
1981, with a peak on 27 May. The average clutch size was 3.6 eggs per
nest (38 nests). Semipalmated Sandpipers (end the other three species
discussed here) will sometimes re-nest if a clutch is lost or damaged early
in the incubation period (Ashekenazie and Safriel 1979), Hatehing is
generally synchronous, and in 1980 it peaked around 24 June. In 1981 the
peak date was over a week earlier, on 16 June. The incubation period i S
20 days (Askhenazie and Safriel 1979). The young leave the nest within &
few hours of hatching, and like the other three species they are preco-
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cious. They feed themselves, relying on their parents only for brooding,
protection, end being led to good feeding areas. The female generally
deserts her brood two to eight days after they hatch, but the male remains
until they fledge (Ashkenazie and Safriel 1979). Fledg ing occurs about 16
days after hatching (ashkenazie end Safriel 1879). The peak in 1980
occurred on 10 July, while in 1981 it was 2 July. The adults migrate south
soon after the young fledge, and the juveniles follow shortly thereafter.
By mid-Jjuly, few Semipalmated Sandpipers remain in Norton Sound.

(ii) Western Sandpipers. The breeding schedule of Western Sand-
pipers is similar to that of the Semipalmated Sandpipers. In 1980 their
peak laying date was 1 June, while in 1981 it wes 27 May. Average clutch
size was 3.8 eggs (19 nests). The incubstion period is 21 days (Holmes
1972). Hatching peaked on 22 June 1980 and 18 June in 1981. Fledging
generally occurs 18 days after hatching (Herrison 1978). It pesked on 10
July in 1980 and 5 July in 1981, After fledging the adults and juveniles
form separate flocks. The edults depart soon afterwards for their southern
wintering grounds, arriving on California estuaries from early to mid-July.
The young depart two to three weeks later and a second wave of Western
Sandpipers hits the California beaches in mid to late August (Holmes 1872),

{ifi) Dunlin. Dunlin also exhibited a breeding schedule similar to
that of Semipalmated and Western Sandpipers, though they began nesting
earlier. In 1980 the peak laying date was 25 May. In 1981 the peak date
was 22 May, and laying lasted until 6 June. These later dates probably
represent re-nesting attempts by birds that lost their first set of eggs
(Holmes 1966b). Average clutch size was four eggs (nine nests). The incu-
bation period is 21 to 23 days (Norton 1972). Hatching peaked around 15
June in 1980 and 12 June in 1981. The fledging pericd averages 21 days
(Holmes 1966b), and in 1980 the fledging peak was 9 July, while in 1981 it
was 6 July. After fledging Dunlin began to flock. Mixed flocks of adults
and juveniles were seen, but generally the two age groups tend to be
segregated,

{(lv) Northern Phalaropes. Northern Phalaropes have a somewhat
different breeding system than that of the three Cplidris species discussed
ebove. In this group the femeale rather than the male has the brightest
colored breeding plumage. This role-reversal is also carried over to other
parts of the breeding cyecle. It is the male rather than the female who
does the primary job of incubating the eggs and cering for the precocious
young. The females desert soon after the eggs are laid, flock together,
end most have left the Norton Sound wetlands by early July.

Northern Phalaropes were the last of the four species to nest, while
Duniin were the first. Dunlin probably lay eerlier because they have longer
fncubation periods, and because they still have fat reserves when they
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arrive on the breeding grounds that Semipalmated and Western Sandpipers
may not have (Senner 197 9). Northern Phalaropes may al SO arrive quite
depleted and may need to feed a while before they ere sble to pmlute
eggs. They nested, on average, a week later than Semipalmated sandpi pers
and two weeks later than Dunlin. In 1980 the peak laying date was 11
June (10 nests) while in 1881 it was 3 June (15 nests). The incubation
period is about 20 days (Harrison 1978), and hatching peaked on 30 June
1980 end 22 June 1981, Fledging occurs 18 to 22 days later (Harrison
1978), and peaked 20 July 1980 and 12 July 1981. After fledging the male
adults and the young formed flocks of up to 200 OnN tundra ponds. B y
early August the majority of birds had left Norton Sound wetlands.

3. Uneommon Wetlend Breeders

Besides the four common wetland breeders in RNorton Sound, there are
several other shorebird species which also nest on these wetlands in relae-
tively small numbers. These include Common Snipe, Long-billed Dowitehers,
and Black Turmnstones (Teble 18). A few nesting pairs of Least Sandpipers
were also seen, but they are included as an occasional breeder in Norton
Sound (see below),

{a) Common Snipe. Snipe were the most common breeder of the
three species listed.  Although their nesting densities were low, they
occurred at most of the 13 wetland sites. They were mest common at Name,
where they nested along the marshy banks of tailing ponds. Overall
breeding densities for Norton Sound wetlands were 0.8 per km”.During the
breeding season, snipe were often seen displaying above the moist tundra
areas of the wetlands. After the young had fledged (mid-July) and during
migration, they became more common on wet tundra. Migration was not
very notic cable. Snipe rarely cccurred in groups of mMor e than four. In
the first half of September densities were still sSimilar to br eedi ng densities
(0.9 per km?),

(b} Lomg-billed Dowtichers. Overall breeding densities for Long-
billed Dowitchers were comparable to those of snipe, though their distri-
bution tended to be nuch patchier. They were conmonest in the western
parts of the Sound. Many eastern areas had no breeding dowitchers.
Breedin 2g‘mg“ds were found at Imuruk Basm (4 per km ), Port Clarence (10
per km?), Safety Lagoon (3 per km2), end Wales (2 per km?). Hersey (1917)
reported them &s sbundent breeders at Stebbins, second only to W estern
Sandpipers, This is no longer true.

Long-billed Dowitchers are typiceily arctic breeders, and are mainly
migrants in Norton Sound. Spring migration was less intense than that of
fall, but still quite noticeable. The first migrants were seen on14 May
1980 at Safety Lagoon. On 15 May we sew a flock of 159 at Unalakleet.
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Many dowitchers mey pass through the Stebbins area in spring, since large
flocks are common during fell migration. We are not able to verify this,
since we did not ¢ ensus Stebbins in early spring.

Koyuk end the Fish River Delte also had appreciable numbers of
dowitechers during spring migretion. These migrants were often found on
wet tundrg, but were most common in littoral habitats.

Fall migration of adults began in laste July. Flocks of 80 to 100
adults w ere econmon near Stebbins both years at this time. A later
migration of juveniles was of greater magnitude. They beg an appearing in
mid-August and peaked sbout 7 September. Connors (1978) reports a larg e
movement of juvenile dowitchers through Wales in late August. In 1877 at
the Akulik-Inglutelik delte the dowitcher migration peaked on 11 September
(Shields and Peyton 1979).

We saw juvenile dowitchers on most of the major wetland areas, though
Stebbins, Koyuk, Moses Point, Safety Sound, and the Fish River Delta had
the greatest numbers, Imuruk Basin had some larg e flocks (100 birds) of
dowitchers on 5 September. Overall population densities for August (1980)
were 12 dowitchers per kmZ, September densities were higher, at 16 birds
per kmZ,

Dowitchers foraged mainly on wet tundre except at Koyuk (this study)
where they fed on the mudflats of the exposed wet tundre shore, and at
Wales (Connors 1978) where they fed mainly in protected shores with wet
tundra. They also commonly fed on the canal mud flats at Stebbins in late
August.

{c) Blaek Turmstones., Black Turnstones nest in coastal areas from
Southeast Alaska to Wales. They were common breeders at Stebbins and
fairly common at Imuruk Basin. Elsewhere in Norton Sound they were rare
to uncommon breeders. At Stebbins breeding densities were 24 birds per
kmz, and at Imuruk Basin seven birds per kmZ, We suspect that these
densities were too high, since Black Turnstones will fly far fram their terri-
tories to distract intruders. There are probably at least 1,000 Black Turn-
stones nesting at Stebbins, and more than 100 birds at Imuruk, By mid to
late July over 80% of the Black Turnstones (both juveniles and adults) had
left Stebbins.

Black Turnstones usually fed along pond edg es on W et tundra, but
occasionally in littoral srees. Use of shorelines increased during fall
migration, end by August nearly all turnstones were feeding in the littoral
zone.,
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4., Upland Breeders

Three shorebird species are regular nesters in raised moist tundra
habitats of Norton Sound:  Whimbrels, Bar-tailed Godwits, and Golden
Plovers. Our data on these species comes from moist tundra near wetlands,
and they are probably more ecommon near this edge habitat than on moi st
tundra far from wetlands,

(a) Whimbrel. Whimbrels were a fairly common feature of’ the
uplands, where they nested among the tussocks. At Imuruk Baesin, where
they W er e particularly numerous in lete June, they were most common
feeding on lagoon beach habitats. Some of these were undoubtedly
breeders, but others were in small flocks of up to 35 birds and we r e
probably fsiled breeders. Moses Point al SO had a substantial number Of
Whimbrels in June, and most of these occurred on wet tundra.

In July, Whimbrel densities were similar on both wet and moist tundra
sites, with the highest densities st Nome and Shaktoolik. Fewer birds were
seen than in June (Figure 52).

August showed the highest densities of any month. This was due to
the appearance of fledged young and an influx of birds from other areas.
Moses Point had the highest densities, with relatively high densities on the
Fish River Delta. Moist and wet tundre densities were similar. Whimbrels
on MoOist tundra in August were often feeding on berries. By September
very few Whimbrels remained in Norton Sound, but had begun their south-
ward migration to wintering grounds from southern California to Ecuador.

{b) Bar-Tailed Godwits. Godwits were nore common in Wet | ands
than either Whimbrels or Golden Plovers. They were most commpn at Koyuk
wet | ands in June. They were not as eommon in Norton Sound &s a whole
due to the greater sbundance of the other two upland species on t he vast
stretches of upland tundra.

Although they occesionally nest in raised areas of wet tundra meadow,
Bar-tailed Godwits prefer upland tundre slopes. ‘They probebly select
suitable nesting hebitat near wet tundrae areas, since they can often be
found feeding there during the breeding season. We saw perents with
neerly fledged young on the wetlands in mid-July, and it appears that they
leave the uplands for wet tundra feeding areas soon after hatching, Our
data support this since few godwits were seen on moist tundra habitats in
July; most were on wet tundra or shoreline habitats. Densities in July were
higher than in June, except at Koyuk. There, the June concentrations were
mostly non-breeders that were gone by July.

By August godwits were flocking and overall wetland densities had
doubled since July. The highest concentrations were at Moses Point, but
Koyuk and Stebbins also had relatively high densities. Wet tundra was the
most important habitat in August, though at Safety Lagoon and Moses Point
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Figure 510 Bristle-thighed Curlew. From Nelson (1887).
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Figure 52. Seasonal abundance. of upland shore-
birds. Data are from 1980 land surveys primarily

in habitats in the vicinity of wetlands. Bar-tailed
Godwits reached peak abundance in June, Whimbrels
in August, and golden plovers in September.

528



exposed spit habitats were also important. Hersey (1917) reported large
flocks of godwits at Stebbins in August, feeding on muddy eanal banks. We
noted mixed flocks of juveniles and adults feeding in the same arees. At
the Akulik-Inglutelik Delta, Shields and Peyton (1979) recorded @ sporadic
migration from 15 August to 12 September 1976. By September in our
study years, only a few Bar-tailed Godwits remained. The rest had begun
their migration to the South Pacific.

{¢} American Colden Plover. OColden Plovers are also an upland
breeder, yet they are quite different from the Whimbre!l and Bar-tailed
Godwit in that they prefer the dry tundra slopes, areas often covered by
gravel and lichens (Sauer 1962).

Plovers arrived in early to mid-May. Few areas were censused in May,
and of these Woolley Lagoon had the highest densities. We found them 0N
both noi st and wet tundra, though more commonly on moist tundra in smal |
feeding i'leeks in early May. It is likely that they were feeding on the
previous year's crop of Lingonberries (Yaccininm vitis<idees) and erowberries
(Empetrum pigrum). They frequented the wet tundra in May once the snow
and ice had melted.

By June plovers had begun nesting and displays were frequently heard
in sone areas. Their densities were highest in upland tundra areas, but
were only slightly lower on Wet tundra where they could be found feeding,
Nome had the greatest density of Golden Plovers, and densities at Woolley
Lag oon were also relatively high. We also noted high densities of Golden
Plovers along inland roads headi ng north from Nome t owar ds the mountains.

In late June the young plovers begin to hatch and the overall density
i ncrease in July reflects this, Although there are still many plovers on the
upland sites in July they begin deserting the nesting areas for areas with
higher prey densities (Sauer 1962). We found plovers using both wet tundra
and lagoon shorelines in July. The male plovers (and possibly the fenal es)
begin molting during incubation and by mid-July are in ‘eclipse”plumage,
looking much like the drabber females (Sauer 1962),

In August the overall density for the Sound is the same as in July,
but habitat use has changed. Many birds have moved down from the uplands
onto wet tundra and shoreline habitats. This includes both fledg ed juveniles
and adults. Moses Point hed the highest density and largest population of
plovers in August. It appeared to be the most important staging area for
plovers nesting in the HNorton Sound region. Most of the adults, and
probaebly many of the juveniles, leave Norton Sound in August.

In late August and early September the erea experiences en influx Of
plovers from arctic breeding grourds and these were mostly, if not all,
juveniles. They were common in flocks of three to 30 birds on the canal
mud flats and wet tundra at Stebbins in late August. Woolley Lagoon had
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the highest September densities (120 per km?2),

8. Occasional Breeders

Several species of shorebirds nested in Norton Sound coastal areas in
sins.?d numbers. These included Solitary Sandpipers, Lesser Yellowlegs, Semi-
palmeted Plovers, Ruddy Turnstones, and Black-d ellied Plovers, Bristle-
thighed Curlews and spotted Sendpipers are probably breeders. The Semi-
palmated Plovers and Lesser Yellowlegs were most common around Nome,
Yellowlegs, in particuler, seemed to prefer the tall shrubs growing near old
tailing piles which are common in the vieinity of Nome.

Bristle-Thighed Curlews were uncommon to rare everywhere in Norton
Sound, but most [severe) were seen at Imuruk Basin. These prefer dry
exposed ridges &8s nesting sites (Gabrielson and Lincoln 1959 ), and probably
nest in interior Seward Peninsula,

Solitary and Spotted Sandpipers were uncommon within a few miles of
the coast, but prcbably nest on many of the river drainages in the region.
Black-bellied Plovers were uncommon nesters in the uplands.

6. Migranis _

Apert from their iImportance as breeding sites for many shorebirds, the
Norton Sound wetlands are also important as feeding and staging areas for
migrating shorebirds, Table 20 lists the shorebird species we saw during
migration in Norton Sound wetlands. Some species pass through in very
small numbers, whereas others exhibit very notie eable migratory movements,
with lerger fluctuation in population occurring over a short period of time.

The migratory movements of most species that breed in Norton Sound have

been dismissed. This section's emphasis is on migrants that do not breed in
significant numbers in Norton sound. Of t h e s e species, those that occur in
the greatest numbers are the Pectoral Sandpiper, the Sharp-tailed Sand-

piper, and the Red Phalarope.

(a) Pectoral Sandpiper. EXxcept for the four wetland breeders
discussed previously, Pectoral Sandpipers were the most common migrant.
shorebird in Norton Sound. Although never sbundent, they were quite
common on wet tundre in many wetlands during both spring and fall
migrations. They mainly breed along the arctic coast of eastern Siberia,
the western and northern coasts of Alaska from Bristol Bay to the Canadian
border, and along much of the Canadian arctic coest. We found them
nesting at Wales and in small numbers at Brevig Lagoon. They probably
nest occasionally in other ereas of Norton Sound. Hersey (1917) reported
them a5 a rare breeder at St. Michaels.
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We first spotted Pectoral Sandpipers on 12 May 1981, Peak migration
was from 26 to 29 May, end at the Fish River Delta these were mostly
females. During both spring and fall MIgrations, most (80%) of the
Pectorals were on wet tundra, but sbout 10% were in shoreline habitats.
These habitat use patterms may vary from year to year. Connors (1978)
reports that in 1877 Pectoral Sandpipers at Barrow made extensive use Of
littoral habitats during the July migration, In 1975, however, littoral
habitats were seldom used by Pectorals at Barrow. At Wales, in 1977 he
reported high Pectoral densities in littoral ereas, particularly in July,

Pectoral Sandpipers usually reach the North Slope the first week O f
June. Males begin heading south at the end of June after the females are
on eggs, and most are gone from the breeding grounds by 15 July (Pitelka
1959), They first appeared in Norton Sound on 2 July 1980, These early
arrivals ere probably males, since most famales do not begin to leave the
breedi ng grounds until the end of July (Pitelka 1959). In Norton Sound
peak nunmbers in fell occurred from 25 August to 9 September in both years,
These were probably juveniles, since most females have left the breeding
grounds by 10 August., The young begin leaving by the end of August, and
their mgration continued until 14 September (Table 20), The fall migration
i s larger then in the spring, due to t he summer's production of young.

{b) Sharp-teiled Sandpipers. Sharp-tailed Sandpipers ere very rare
spring migrants in western Aleska (Kessel and Gibson 1978). They al so list
it as a rare to uncommon fall migrant, but we found it to be fairly common
in the fall in nmany Norton Sound coastal areas. They nest in northern
Siberia, and the birds that move down the Alaskan coast in the fall are
juveniles. The adults migrate down the Siberian coast.

The first Sherp-tails appeared on 2 August 19110. Al birds observed
were juveniles. They continued to move through singly or in small flocks
until at least 13 September., Al birds were on wet tundra and we found
t he greatest concentrations of Sharp-tails at Stebbins. Connors (1978)
reported a fairly heavy novement of juveniles through Wales, peaking in
late August and early September. Here they foraged on both tundra and
littoral areas.

{c) Red Phalsropes., Red Phalaropes cccurred in greatest nunbers in
coastal Norton Sound &s a spring migrant. It is also @ common breeder at
Wales, and an uncommon one at Brevig Lagoon. It has been reported as
nesting at St. Michael (Gebrielson and Lincoln 1959) and Cade (1950) lists
it is as a common breeder on St. Lawrence Island. T hiS species, however, IS
primarily an aretic breeder.

The spring migration of Red Phalaropes Was meinly along the coast
from Safety Lagoon to Wales. A few were Seen at Stebbins and Shaktoolik.
We saw the first Red Phalaropes on 30 May at Point Clarence. The peak
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of migration was on 4 June where several thousand birds were seen at Safety
Lagoon. Most were feeding or resting within 100 meters of the shoreline
of the Sound, and some were in the lagoon. These birds winter at sea and
it is likely that many Red Phalaropes passed by farther offshore. ‘|’’his is
evidently the case in the fall, when we saw no Red Phaleropes aelong the
coast, Drury (1976) saw a few in mid-September feeding in the surf off
Bluff.

(d) Other Species. Several other specles of shorebirds migrate
through Norton Sound coastal ereas in smaller numbers. These include
Hudsonian Godwits, Ruddy Turnstones, Baird's Sandpipers, Red Knots, R e e k
Sandpipers, Sanderlings, Wandering Tattlers, Rufous-necked Sandpipers, Surf-
birds, end Buff-breasted Sandpipers. Some of these species nested in small
numbers in the Norton Sound Region (See Appendix 26), The last four
species listed w er e rare migrents in Norton Sound, while the rest were
uncommon migrants. Most of these species used littoral habitats during
their migration through the region. Hudsonian Godwits also made use of
wet tundra habitats. Many of these species were most common along the
coast from Wales to Nome.
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1. Jaegers

Seasonal. Abundance, Habitat Use, and Geogreaphie Distribution

Three species of jaegers are found in Norton Sound, though only
Paresitic (54% of land observations] and Long--tailed Jaeg ers (44%) nest
there. Pomarine Jaeg ers (2%) were fairly common spring migrants and were
occasionally Seen in the fall, but they nest farther north. All three are
predators and pirates feeding ona variety of items, including birds and
bird eggs, small mammals, and insects, as well es stealing prey from other
birds. We ealso saw them sc avenging fish scraps near villages and fish
processing plants. Parssitic Jaeger pairs work together in hunting small
birds. Their diet consists of more birds than that of other jaegers, possibly
because this cooperative hunting makes them more successful at capturing
them (Maher 1974).

Pomarine Jaeger spring migration peaked the lest few days Of May in
both 1880 and 1981. Parasitic end Long-tailed Jaeg ers arrived 7 May and
9 May, respectively, in 1981, and they were fairly eommon by 15 May.

Parasitic and Long-tailed Jaeger densities peakedin June (0.6 per
square Kilometer; data are from 1980 land surveys), They were most abun-
dant at Stebbins (0.13 birds per km?2), Shaktoolik (0.07 birds per km2), and
Moses Point (0.06 birds per km2), Densities were highest on moist tundra
since both species usualy nested there, They also hunted on moist tundra,
and commonly patrolled wet tundra and shorelines, Afew fledged young
were seen in mid-July (both years) and by the end of the month most young
hed fledged. In mid~-August jeegers were still fairly common in many areas,
but by the end of the month few remained.
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d. Gulls

Gulls were the most common birds along shorelines (51% not including
sea cliff birds, shoreline aserial surveys; see Section A, "All Birds") though
they were less commnon on wetlands (9% on shoreline aerial surveys), Nearly
all were Glsucous Gulls, although there were small populations of Mew,
Glaucous-wing ed, Herring, Sabine's, and a few Slaty-backed Gulls (Table 24).
Only Glaucous, Mew, and Sabine's Gulls nest in Norton Sound, and these will
be discussed further. Black-legged Kittiwakes were most ebundant at cliff
colonies and much less common at other Norton Sound coastal habitats.

Glaucous-winged and Herring Gulls were not regularly seen in either
year until late July and August, and many of these were inmmatures congre~
-gating near Nome and Unalekleét, Both species nest to the south, and
those in Norton Sound were exploiting seasonally asbundant foods, notably
spawning salmon.

1. Glaucous Gulls

The larg e, pale Glaucous Gull is the most ecommon gull of northeastern
end arctic Alaske. In Norton Sound it wes by far the most numerous of
any gull species, and in fall composed a major part of the avifauna. In
Alaska it nests from Demarcation Bay to Bristol Bay, and although primarily
coastel; some pairs nest on ponds far inland (Gabrielson and Lincoln 1959).
Nesting sites in Norton Sound include: (1) single pairs on tundra ponds, (2)
colonies of up to 100 pairs on islands or peninsulas in larg ¢ wetland ponds,
(3) single pairs or colonies of up to 50 pairs on cliffs adjacent to seabird
colonies, and (4) in groups of a few to e dozen peirs on smaller cliffs
(Drury 1880).

Many of the adult plumaged Glaucous Gulls in Norton Sound appear to
be non-breeders. Glaucous Gulls do not usuelly raise chicks to fledging
until the adults are at leest six years old, probably because of the impor-
tance of learned behevior in successfully exploiting food resourc es. Thus a
small percentage of adults raise the majority of the young in any given
year (Drury 1980).

(a) Habitet Use., Shoreline aerial surveys showed river mouths and
exposed ecliffs had the greatest concentrations of Glaucous Gulls (Figure
53). River mouths were important feeding sreas and had lerg e concen-
trations in late fall. They were also one of the first areas where openings
formed in early spring and attracted flocks of gulls then. River deltas
were important nesting areas, and were also used as feeding arees. The
remeining shorel i ne habitats, perticularly on exposed coasts, were frequently
used by gulls as feeding and roosting sites. Glaucous Gulls eppeared to be
more common on shorelines at low tides, as Strang (1976) observed on the
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Table 24. Relative abundance of gulls, 1980,

==

==s=rssszsmscrszszmozz -;;;;—:;;;;- =r=sz=srrzzzsozszosszssmsssszszs=s
Species . Aerial Surveys ()  Land surveys (%)
Glancous Gul 8.8 75.1

Mew Gul 1 1*0 17.0
Glaucous-winged Gull 0.1 4.7

Sabine's Gull <0.1 1.7

Herr ing Gull 0.1 0.9
Slaty-BackedGull = - <0 <ol

Totel 100.0 T w00

TN W A S Y e T S o A (i T SR T UL e e e o e e S e e M e o S e B A S e S e e Y e e S e o e e e T 4 S0 G s
o T s B e e T o e e iy P S ———— . t e A e E e E e mEmEmmEE meeRSR SERRESE SRS 22

lghoreline aeriel surveys covered ell coests.

2Lend surveys were concentrated near wetlands and do not represent
abundance on all coasts.
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SHORELINE HABITATS:
PROTECTED SHORES

Ciffs
Mbi st tundra

Wwet tundra

spits
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Moi st tundra
Wet tundra
Spits

OTHER SHORELINES
Ri ver delta

‘“River nmouth
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Figure 53. Habitat use by d aucous Gulls. Data are from 198¢
shoreline aerial surveys. River nouths had large concentrations

because these areas opened u? early in spring and because in late
summer gulls gathered there to feed on spawning sal non. Exposed
cliffs were tavored nesting Sites for Glaucous QUI|S: many also
nested On river deltas.
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YK Delta. Glaucous Gulls also tended to (concentrate at lagoon outlets,
village dumps, fish camps, and fish processing plants. During salmon runs
many Glaucous Gulls followed the spawning fish upstream.

(b} Secasomal Use. Variations in seasonal gbundence of Glaucous Gulls
in coastal Norton Sound are shown in Figure 54. Shoreline aerial surveys
and coastal land surveys show a rise in population density from May to
June, due to a continued influx of gulls into the region. Some of these
were probably heading north to the arctic. Coeastal densities (aerial
surveys) dropped in July, and this is due mostly to movements inland from
the coast, particularly of gulls following salmon upstream, sndis partly due
to the departure of northbound migrants. A further decreasein August
may be due t0 8 movement out of the Sound es well as to more gulls
heading up streams. Densities climbed againin September with breeders
and young of the year moving to the beaches. Many Glaucous Gulls moved
into Norton Sound as northerly erees became ice covered. The (greatest
gull densities were seen on 27 Qetober 1980, the latest census date.

The tundra land transects show a relatively stable population of gulls
throughout the breeding seasons. Michelson (1979) noted a similar pattern
for the Cape Espenberg area.

{e) Geographie Distributicn. In 1980 the eastern part of the north
coast from Cape Nome to Cape Darby had the greatest density of Glaucous
Gulls (Figure 55). This coastal strip includes important breeding sites on
cliffs at Bluff, Topkok, Square Rock, and Rocky Point, Italso contains
many suitable tundra nesting sites, the Sefety Lagoon entrance, where gulls
gather to feed and roost, and NUMeErous salmon runs.

The northeast coest of the Sound from Koyuk to Tolstoi Point also had
large gull densities, due to good wetland nesting hebitat on the Koyuk and
Akulik-Ingutalik Deltas. T h e town of Koyuk, verious fish camps, and
numerous selmon runs attract gulls, particularly sub-adults, to the area.
Unalakleet and Shaktoolik also attract gulls with their dumps and fish
processing plants,

The high densities for Golovin Bay are mainly due to concentrations in
late October. Without the October data densities there drop to 5.3 birds
per km. In October we only censused pert of the coast and areas west of
Nome and east of Koyuk do not include October densities.

The densities for Stuart Island are for June only, when gull densities
are relatively high and comparisons between Stuart Island and other areas
are not possible,

{d) Nesting Phenology. Glaucous Gulls follow the opening ice |eads,
arriving in Norton Sound in late April (Bent 1921; Bailey 1948).

537



20

27 Cet.
.1 37.6/ km

f
<3
& l
i3]
b3
Q
[}
bt
X. ﬁ
& 10 '[
o i
8 shoreline
= i aerial
= . . surveys
5
...""~shoreline | and surveys
L __',.—’ ™ tundra land surveys
1] ‘1——'. T
MAY JUNE JULY LUGUST SEPTEMBER OCTOBER

Figure 54. Seasonal abundance of d aucous Gulls. Data are from
two survey methods in 1980. The drop in gull densities along
shorelines (censused by air) is due to sub-adult gulls moving

Up streams to follow spawning sal nDN. The land SUrveys do not
show this because they were made near wetlands where many of
the gulls are tied into the nesting effort. The rise in Sepntenber
and Cctober shows the influx of arctic birds into the Sound ag
arctic areas became ice-covered.
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COASTAL SECTIONS

1. Wales to Brevig

2.Port C arence

3. Gantley Harbor
4, Imuruk Basin
5. Cape Douglas to
Nome
6. None to
Cape Nome
7. Cape None to
Rocky Poi nt TTREE

8. Golovin Bay

9. Golovin Lagoon

10. Cape Darbyto
Koyuk

11. Koyuk to Cap e
Denbeigh

12. Cape Denbeigh to
Tolstoi Pt.

13. Tolstoi Pt. to
Cape Stephens

14, Cape Stephens to
Apoon Mouth

15. Stuart Island
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Figure 55. Geographic distribution of Aaucous Gulls. Data are
from 1980 shoreline aerial surveys. Northeastern Norton Sound

had the nmost gulls (from Cape None to Tolstoi Pt., sections 7to
12) . This is mostly due to the presence of sal mon spawning

streans and fish processing plants. Hgh gull densities on 27
Cctober were found on a census from None to Koyuk, particularly

at Golovin Bay. Sections other than 7, 8, and 10 were rot censused
and thus do not include Cctober data.
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Figure 56. Nesting phenology of Glaucous Gulls on Norton
sound wetlands. Data are from 9 nests in 1980 and 20 nests
in 1981.



The phenology data in Figure 56 were collected from gulls Nesting at
wetland sites. At such sites Glaucous Gulls usually nest on islands or
peninsulas in lerge tundra ponds. Island nest sites are preferred, probably
because of the Protection they provide againstfox predation (Larson 1960;
Strang 1876). Many occupy their previous year's territories even before the
snow has left the tundra (Strang 1976).

Nesting data from both 1980 (nine nests or observations of chicks) and
1981 (20 nests or observations of ehicks) were combined, since breeding
phenologies were similar in both years. The peak laying date was 27 May.
The incubation period ranges from 22 to 28 days (Strang 1976), and peak
hatching was about 25 June. The average clutch size for 15 nests was 2.3
eggs, slightly less than the mean clutch Size of 2.7 found on ¥Y-K Delta
sites (Strang 1976). The first fledgling was seen on 30 July, end fledging
peaked about 7 August,

(e) Food Habits. Glaucous Gulls are generalists in their diet, Drury
(1980) reports that in Norton Sound Glaucous Gulls feed on such items as
the eggs and young of other birds, dead salmon, walrus ¢ arrion, salmon and
herring eggs, and berries. Although we collected no gulls, we noted them
feeding on similar items. We also found them concentrating neer villeges
and fish processing plants to feed on garbage and fish scraps. Strang
(1976) reports that at Kochekik Baby (Y-K Delta), Glaucous Gulls fed
primarily on fish, particularly tomcod (Eleginus graciiys). Further inland at
another Y- Delta site birds were the main food items. At both sites
Glaucous Gulls are usually the main non-human waterfowl egg and chiek
predator (in some years foxes were). Although the gulls tended to concen-
trate on certain food items (probably according to their abundance), Strang
(1976) found that they ate @ wide variety of items, including merine and
terrestrial invertebrates, eggs and chicks of small birds, and small mammals.

It is likely that Glaucous Gull diets in Norton Sound are similar to
those of the Y-K Delta, at least in the range of items teken if not in the
proportion of various foods. Fewer waterfowl eggs and chicks are probably
taken, since nesting densities of waterfowl| sare g enerally lower in Norton
Sound than on the Y-K Delta (see Section C, "Waterfowl™. Nevertheless,
Glaucous Gulls are probably the major avian Predators of the eggs and
young of nesting birds in Norton Sound.

(f) Population Inerease. A noteworthy aspect of Glaucous Gull
populations in Norton Sound {(and elsewhere in the northern Bering/southern
Chuckehi aress) is the large number of birds in immature plumage. Drury
(pers. comm.}) ‘has suggested Glaucous Gulls in these arees may be beginning
or have already cammenced @ population outburst similar to that of the
Herring Gull in the North Atlantic. Kadlec and Drury (1968) estimate that
the Herring Gull population there has been doubling every 12to 15 years
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since the early 1900's, with the exception of the 1940's.

Although we did not always record gull ages on aerial surveys, this
was consistently done on land transects in 1980 (Table 25). Our data for
August and September 1980 (when young are fledging or already fledged)
ghows the following age structure: 55% adult, 30% immatures, and 15%
juveniles (young of the year). Drury's data (pers. comm., Table 25) from
shoreline aerial surveys flown from 1875 to 1878 from Port Clarence to
Tolstol Point (Weinwright to Tolstol Point in 1978) show more adults, with
renges from 65% to 88% edults, 7% to 23% immatures, and 5% to 14% juve-
niles. These had an average of 74% adults, 18% immatures, and 8%
juveniles.

A camparison of the two sets of data (Table 25) suggests an increase
in the numbers of immatures since 1978 and a productive season for
Glaucous Gulls in 1980, though there are other factors which may account
for the differences in the two sets of data. Our data were collected on
lend on both tundra and shoreline transects at wetland sites. Drury's data
are from shoreline aerial surveys, and there may be fewer young along the
coast. We cannot use our aerisl shoreline data to support this, as our age
data are not complete for air surveys. In addition, Drury noted certain
limitations on his datas the low juvenile count in 1878 (6%) was possibly
due to censusing in mid-August before the juveniles had moved to the
beaches, and the low counts of sub-adults in 1977 (7%) mey be due to a
lack of age data from the coast between Koyuk end Unalakleet where sub-
adults ere typicelly common.

The percentage of immatures in both sets of data indicate good repro-
ductive success and recruitment into the population. Without other para-
meters such as the survival rate of adult Glaucous Gulls in Alaska, it would
be impossible to predict with confidence the status of this population, but
both Drury's estimate for juveniles (8%) and ours (19%) indicate a growing
population. The 18% to 25% of immatures particulary suggesis that the
northwestern population of Glaucous Gulls is growing, sinece this indicates
both reproductive success and survival over a period of several years.

Humen activities may be largely responsible for these changes as they
were in the case of Herring Gulls. Garbage dumps and fish processing
westes supply ebundant food for scavenging gulls all summer. Bering Sea
fisheries provide additional food for gulls at other times. Increased food
availebility is almost certeinly the cause of the decreased mortality of sub-
adult birds. ‘
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Table 25, Glaueous Gull population age structues, with comparative data on Herring Gulis,
1 Averege

Glaucous CGull 1980 1978 1977 1976 1975 1975-1978

(Western Alskska) No. No, No, No. No. No.

Adul ts 1,007 55% 3,652 70% 2,420 88% 1,385 65% 392 T1% 7,849 74%

Inmatures 544 30% 1,211 23% 196 7% 440 21% 83 15% 1,930 18%

Juveniles 276 15% 329 6% 139 5% 300 14% 79 14% 838 8%

Herring Gullz

(Atlantic Coast, U.S.A.) No.

Adults 426,000 68%

Inmatures 105,000 18%

Juveniles 91,000 15%

1

1980 data are ours, from land surveys
aerial surveys; see text for explanation.

2Kadlec and Drury (1968).

9
4

1975-1978 data

ere Drury's (pers. comm.), fram shoreline



2. Mew Gull

Mew Gulls were a common sight in summer along the beaches and
wetlands of Norton Sound, though they wer e not nearly as sbundant as
Glaucous Gulls (Teble 24). Their breeding range in Alaska extends from
Kotzebue Sound to southeastern Alaska at both coeatal and inland sites. In
coastal Norton Sound they usually nested in wetlands near pond edg es. We
found the highest densities in the Northeast Sound on the wet tundra near
Unalekleet (1.9/km), Koyuk (1.5/km), and Moses Point (1.8/km, data from
1980 land surveys). Overall, densities were highest in July, when the young
were fledging. After ridging they gathered at river deltas and around
river mouths.  Strang (1976) noted Mew Gulls feeding on fish, marine
invertebrates, and small mammeals on the Y-K Delte, and suggested that
indirect competition for food may exist between Mew Gulls and Glaucous
Gulls in western Alaska.

3. Sabine’s Gull

Ssbine's Gull constitutes & smell but interesting part of the Norton
Sound avifaupa. This diminutive, dark-headed gull breeds along the arctic
coast of Alaske, south to Bristol Bay, as well as in other arctic regions.
Its winter distribution is poorly known, though it is common along certain
parts of the Peruvian coast in the winter (Godfrey 1966). It migrates well
offshore on its way down the Alaska coast (Gabrielson and Lincoln 1959).

Sabine's Gulls nest on wet tundra, and 97% of those we saw on land
surveys were in that habitat. They are characteristic birds of salt-washed
tundra (Kessel 1879).

We found Sabine's Gulls nesting near Wales, Koyuk, and Stebbins
though it was not common in any of these localities (Table 26). It probably
also breeds in low numbers on the south side of Port Clarence. The
Stebbins-St, Michael area had the largest population of Sabine's gulls in
Norton Sound (though the Y-K Delta is a more significant population center
for this species). The population here was once larger. Nelson (1887)
reports the Sabine's Gull to be the most numerocus gull at St. Michael's,
which is certainly no longer true. He also mentions finding a colony with.
more than one hundred birds in it. This decrease in numbers since Nelson's
time may indicate a population decrease or it could signify that Sabine's
Gulls, like Aleutian Terms, move their colony sites frequently.

Gebrielson and Lincoln (1859) report that Sabine's Gulls arrive in t.he
southern Sound the first week of May. Our earliest sighting was 6 May
1881, Nesting began in late May, and most birds finished laying by 7 June.
They ccceasionally nest as single pairs, but usuelly form small colonies. The
incubation period has been variously given as 21 days (Godfrey 1966) and 23
to 26 days (Harrison 1978), Hatching begins around mid-June with a
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Table 26.

Sabine's Gull sightings in Norton Sound, 1980 and 1981.

e — —- S T B B e S5 e o W e P e o i P e O v e S e i o e e W e S A s A e S e e e e S e e e W Gk e B e M S e e S e Ty S e
e o e e e i B . e s e e - e e o e i e e e T T o i e e T e e e e ———— T e - -

Port Clarence

Wool 1 ey Lagoon
Name

Safety Lagoon
Fish River Delta

Koyuk

Moses Poi nt
Shaktool ik

Stebbins

Bumber or

Density Date

2 2% May 1980
1 3 June 1980
1 3 June 1981
2 30 June 1980
3 4 July 1980
4 16 August 1980
2 16 August 1980
1 17 June 1980
2 24 May 1981
10 18 May 1981
1 8 June 1981
14 18 May 1981
2 24 May 1981
1 8 June 1981
5 g June 1980
3 16 July 1980
2 24 July 1980
2 18 May 1981
4 10 June 1981
4 6 May 1981
1.3/km 9 June 1981
1.4/km 20 June 1980
0.9/km 18 July 1980
10 25 July 1981

- - D - O @ G G A B e e

Probably at least
1 breeding pair.

Migrants,
Migrant.

Migrants.
Migrants,

Probably at least 2
breeding pairs

in 1980, 1 in
1981,

A fairly camon
breeder-at Stebbins.
These began leaving
about mid-July and
by the end of July
few remained.

P T e T o~y St e A eyl ey~ =iyl ——ty i = ety oedthplyiret
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fledging period of only 20 days (Michelson 19879). Most young were fledged
by mid-July. After fledging, the young and adults leave the breeding
grounds for the beaches, and leave the area shortly thereafter. By the
end of July there were no juveniles left et Stebbins and few adults.
Michelson (1979) reports & similar exodus around the end of July from Cape
Espenberg.

4* Blaeck-legged Kittiwake

This gull is a common species in the Norton Sound reg ion, with major
nesting colonies on St. Lawrence Island and at Bluff, and smaller colonies
elsewhere in the Sound. Total population for Norton Sound colonies is
11,265 (Sowls et al. 1978). Adults feed primarily offshore, and of the 22,00
kittiwakes we Saw in coastal areas away from nesting cliffs, 80% were along
exposed shores on spits (land surveys, 1980 and 1981). Further information

on this species canbe obtained from Drury (1980), who has made intensive
studies at the Bluff colony.
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K. Terns

1, Aretie Terms

Arctic Terns are common nesters in coastal and interior Alaska, and
are familiar because of their aggressiveness near their nests. They are
perhaps most famous for their arctic to antarctic migration of up to 40,000
kilometers each year. They generally nest in smell colonies Or isolated
pairs, though colonies of ever 100 pairs have been reported (Bailey
1948). We found them nesting in groups as large as eight pairs. The nest
IS a small hollow in grass, sand, or gravel. In coastal Norton Sound it is
g enerally found On spits, beaches, islands, or wetlands near a lake or pond.
They feed primarily on small fish and invertebrates in coastal inshore waters
or in tundra ponds.

{a) Habitat Use. We found that spit habitats had the highest
densities of Arctiec Terns, with the sea Side receiving greater use than the
lagoon side (Figure 57, land survey data). These were important feeding
ereas ell seeson, and NaNy Arctic Terns al SO nested high on the spit anong
Elymus or other Vegetation as well as on open gravel above the tide line.
Wet tundra and lagoon beaches backed by wet tundra were also important
as both nesting and feeding sites. Though wet tundra densities were lower
than t hose of Spit habitats, wet tundra Was more extensive and supported a
greater number Of terns. Many terns which nested on tundra fed in marine
habitats. Shoreline aerial censusing showed concentrations of terns around
river mouths, particularly in June (3.6/km).

(b} Seasonal Use. Figure 58 illustrates the seasonal abundance of
Arctic Terns with some indications of habitat use. Arctic ‘Terns were first
observed on 12 May 1980 and on 19 May 1981; the peak arrival time was 21
to 27 May of both years. The birds arrived with no indication of a coastal
onshore migration, and may have came overland. Tundra transect data show
a descending trend from high density in May to no birds in September.
May densities are probably highest due to an influx of both local breeders
not yet dispersed to breeding sites and terns headed for arctic or inland
sites. The high June density for beach transects was due to large concen-
trat ions of terns on spit habitats at Safety Lagoon. These may have been
non-b reeders, as well as breeding terns ¢ oming from distant nesting areas
to feed, mostly on small fish sueh as Sandlence (4mmodytes hexapier
general, June densities were lower than those of May.

Despite the production of young, July densities also dropped from
June, perhaps because feiled breeders and some adults with fledged young
had slready left. August densities decreased further from July due to the
departure of young and adult birds. By September, Arctic Terns were quite
rare,
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Figure 57. Habitat use by Arctic Terns. Data are from 1980 |and surveys.
of the shoreline habitats, spits were the nost heavily used; these pro-
vided nest sites as well as feeding areas near lagoon entrances. On the

tundra (non-shoreline] wet tundra was used more than moist tundra for
nesting and feedi ng,
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Figure 58. Seasonal abundance of Arctic Terns. Data
are from 1980 land surveys; values for shoreline and
tundra (non-shoreline) transects are given separately.
Tern densities dropped all season soon after the
arrival of breeding birds in May. The peak on shore-
lines in June is due to concentrations in spit habitats
at Safety Lagoon.
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{e¢) Geographie Distribution. Aretic Tern densities for the major
Norton Sound wetlands are shown in Figure 59. Safety Lagoon had the
highest Arctic Tern densities in the Sound. Imuruk Basin and Stebbins also
had high densities and were important breeding ereas for Arctic Terns.
Port Cierence had higher densities than the two aforementioned areas, but
due to its smealler size, the number of terns there was less.

Both Safety Lagoon and Port Clarence contain a great deal of the
spit habitat that Aretic Terns favor ¢ Imuruk Baesin offers a delta system
with inland qualities, though we are not certain how these factors are
related tothe high tern densities. The Stebbins wetlands ere rich in ponds
where many terns fed, After fledging many adults and juveniles shifted to
the canals, where Nine-spine Sticklebacks (Bungitius pungitins) schooled in
the shallows and were frequently taken.

‘he Koyuk-Inglutalik area had relatively low breeding densities but
aerial surveys showed high coastal densit ies of Arctic Terns in this area in
mid to late July (9.6 terns/km along river delta shoreline).

{(d) Mesting Phenology. The breeding schedules of Arctic Terns
were similar in both 1980 and 1981, sO the phenological data from both
years were combined in Figure 60. Information from 15 nests and various
pre- and post-breeding observations is included. Many birds began nesting
within a week of their arrivel on the breeding grounds. Laying began on
about 20 May of both years, with & peak from 30 May to 6 June. Average
clutch size was 2.1 eggs per nest (15 nests) and replacement clutehes were
sometimes laid. Hatching peaked from 20 to 27 June, and fledging peaked
from 11 to 18 July, after which adults continued to feed young. In late
July end early August the terns began to form flocks of up to 60 birds and
appesred to be in femily groups with some adults still feeding young.
Observations in northern Alaska (Boekelhide and Divoky 1980) suggest that
meny juveniles become independent of their parents prior to extensive
migratory flights., By mid-Augustmostterns had moved of f shore, end very
few remained in September,

2. Aleutian Terns

The Aleutian Tern is an uncommon colonial breeder endemic to the
northern Pacific Ocean. It nests from Sakhalin Island (U.S.S.R.) north along
h e Paeific and Bering Sea coasts of Siberia, and in Alaska from the
southern Chukehi Sea at Tasaychek Lagoon (northwest of Kotzebue) to Dry
Bay in southeastern Alaska (Kessel and Gibson 1878). Recent discoveries of
the aretie colonies probably represent a northward extension of range, as
native observers have remarked that this species with its distinctive
markings and shorebird-like calls is new to the Kotzebue area. We have
found, es has H. Springer (pers. comm,) that Aleutian Terns often shift their
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Figure 59. Geographic distribution of Arctic Terns on Norton
Sound wetlands. Data are from 1980 | and surveys. Both Safety
Lagoon and Port Clarence offer spit habitats where terns con-
gregate.
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Nesting phenology of Arctic Terns. Data are conbined from 1980 and 1981.( 15 nests
plus vari ous post-breeding gbservations)

Arctic Terns have a fairly conpressed breeding
schedule. Soon after the young fledge innid to | ate August Arctic Terns depart from coastal
Nort on Sound.



colony sites from year to year. The present population of Aleutian Terns in
Aleska has been estimated at 10,000 birds (Sowls et al.1878). We estimate
the size of the population inour study area to be at least 500 birds.

Throughout their breeding range Aleutian Terns generally nest on
spits, or small islands, on or near river mouths and lag eons. In Norton
Sound we found them nesting primarily in Elymus stands on spits or small
islands, generally higher on the beach than Aretic Terns, We also found
one colony ONn moist tundra east of Golovin,

Adults were observed returning from offshore feeding forays with
Sandlance for their young, They are believed to sometimes feed as far as
50 or more kilometers from the colony (Kessel and Gibson 1979), though at
Golovin we observed edults feeding in tundra ponds. No onshore coastal
migration has ever beennoted for Aleutian Terns. They appear to arrive at
and leave their nesting sites directly from the open sea (Kessel and G bson
197 8); thus we have very little habitat information.

(a) Colomy Sites. We found several colonies of Aleutian Terns
around Norton Sound, but they were most numerous at Safety Lagoon
(Appendix 21), We monitored one colony of at least 40 adults on an island
Immediately west of the lagoon outlet in both 1980 and 1981 for pheno-
logical informtion. The 1980 colony was in & stand of Elymms while t he
1981 colony was further west on the island in an area of small, cl osely
spaced ponds. This was the only colony we saectually located at Safety
Lagoon, though H. Springer has located several in past years. He reports
160 adults in 1976, 320 plus in 1977, 80 in 1978, and 480 in 1979, These
were on at least ten islands, though only as many seven islands had
colonies in any one year.

At Brevig Lagoon we found twWO colonies, one with six birds and the
other with 16. Both were on the spit south of Brevig Lagoon in Elymms
(Appendix 22). A flock of about 30 Aleutian Terns was seen at Point
Clarence in early June in both 1980 and 1981, and there may have been a
nearby colony. We also frequently saw Aleutian Terns near the mouth of
the Kwiniuk River. A |ocal resident, Ralph Segeok (pers. comm.), reported
that they nested near the tip of the Moses Point spit (Appendix 23). W e
never visited this colony, but did See adults in the vicinity throughout the
breeding season. Both Drury (1980) and Kessel and Gibson (1978) report
Aleutian Terns there,

Thirty-five Aleutian Terns were seen on an island southeast of Unalak-
leet in the mouth of t h e Unalakleet River in early August 1980. It is
highly likely that there was a colony at this site, though we did not
investigate it. We also saw four birds at Shaktoolik in June 1980 and one
on Little St. Michael Cenal southwest of Stebbins and St. Michael in July
1981. One of the earliest colonies of Aleutian Terns reported was found by
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Nelson in 1877 on an island near St. Michael's, We found no evidence of
Aleutian Terns nesting on that island.

In June 1981 we found a colony of about 30 adults nesting on the
raised moist tundra portion of the Golovin spit (Appendix 25). This is the
only colony we found in this habitat though the colonies Nelson (1887)
described near St. Michael were also on moist tundra,

(b) Nesting Phenology, Breeding schedules of Aleutian Terns were
guite similer in both 1980 and 1981, so phenological data from both years
were lumped (Figure 61). They include 17 nests in 1880 and 13 in 1981 at
Safety Lagoon, end 12 nests fram & colony near Golovin in 1981, The terns
first errived on the breeding colonies from the open sea in late May and
continued to arrive through early June. Egg laying began one to two
weeks later. Laying dates were exftrapolated from hatching dates and
laying pesked about 15 June. The incubation period is about 21 days
(Harrison 1978). Hatching began in both years on 1 July, econtinuing
through 17 July with a peak around 7 July. The fledging pericd was about
28 days, and birds began fledging 28 July with a peak around 4 August.
Most young fledged by 14 August and the birds disappeared from the
colonies shortly thereafter.
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Figure 61. Nesting phenology of Aleutian Terns. Data are combined from 1980 and 1981 (39
nests) . Laying dates are extrapol ated from hatching dates based on a 21 day incubation
period. Aleutian Terns begin nesting about one week later then Arctic Terns and finish
about two weeks later (see Figure 60) .



L. Passerines

Pesserines are not as major a componerit of the coestal avien commun-
fties in Norton Sound es waterfowl or shorebirds, but they do constitute 10
to 15 percent of the population of birds ¢ensused by lend. Many species
nest in the moist tundra uplands, willow/alder-lined streams, end spruce
forest and do not use the shoreline and low-lying wetland haebitats most
prone to oil-related impacts. The two most nuinerous species, Lapland
Longspurs and Savennsh Sparrows, do rely on these habitats. Savannah
Sparrows are ubiquitous, breeding throughout much of North America, while
Lepland Longspurs nest primarily in the cosstal regions of arctic and sub-
arctic America. Together longspurs and Sevannah Sperrows comprise about
85 percent of the pesserine population in or near wetlands of coastal
Norton Sound and the following discussion primarily concerns them. Ravens
were fairly common nesr cliffs, wetlends, shorelines, end village sites, and
are important as predators of birds and other animals, For the status of
other pssserine species in coastal Norton Sound, see Appendix 26.

1, Habitet Use

Habitat use by Lapland Longspurs, Savennah Sparrows, and all
pesserines combined is illustrated in Figure 62. River mouths had the
highest densities for all species of pesserines combined end also for
longspurs. These high densities were entirely attributable to eoncentrations
in early August at river mouths emptying into Brevig Legeon. Juvenile
Yellow Wagteils and Laplend Longspurs were particularly numerous there.
Although river mouths did attract birds of many species, particularly during
fell migration, they composed a smell percentege of the Norton Sound
habitats. Despite high densities this habitat was less importent than many
of the more extensive habitats, such as wet tundra.

Protected shores backed by moist tundra elso had high densities of
passerines. These occurred in June and July and were due to Savannah
Sparrows, Lepland Longspurs, and Yellow Wagtails. Many of these protected
(lagoon) beach shores were backed by banks that rese steeply to 6 to 10
meters above the beach, and were covered with alder and willow shrubs.
Redpolls, Tree Sparrows, Fox Sperrows, wagtails, warblers, and thrushes
nested in these shrubs and were occesionally seen on the beach.

Wet tundra (non-shoreline) was important throughout the breeding
season for both feeding and nesting (some species}. For many passerines,
particulerly Leplend Longspurs, it was most important before and after
nesting. Longspurs nest primarily on moist tundra, but in Norton Sound
they often fed on wet tundra or shorelines, This was perticularly true of
fledged young and migrating birds. Seastedt (1980) found that the diet of
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Figure 62. Habitat use b asserine. . t f 19 | and surveys
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river mouths is al nbst entirely due to concentrations of longspurs and Yellow
Wagtails at Brevig Lagoon inm early August. pyotected shorelines had nore
passerine than did exposed shores, and these were mainly in shrubs of moist

tundra Shores. oa the tundra (non-shoreline) habitats both noist and wet tundra
had simlar densities.
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nestling and fledg ling Laplend Longspurs or the Y-K Delta econsists
primarily of cranefly species associated with wet, lowland habitats. This
econtrasts with Barrow, where longspur diets are composed moldy of crane-
flies found in mesic and uplend habitats (MacLean and Pitelka 1871)., The
diets of young longspurs in Norton Sound are probably similar to those on
the Y-K Delta, since the young appear to feed almost entirely on the
wetlands. '

Savannah Sparrows nested primarly on grassy wet tundra and also fed
there. They occasionally nested on moist tundra also.  Most other
passerines preferred shrubby moist tundre and uplands for nesting.

Use of shoreline habitats, particularly lagoon shores, was common in
all months. Passerines were regularly seen foraging along the drift line on
beaches.

2. Seasonal Use

Passerine abundance was marked by two peaks during the season, one
in June and another in August (Figure 63). The first peak 1S due to
breeding adults end fledg ed young, while the later peak represents an
influx of juveniles (mostly Lapland Longspurs) from inlend and norther n
nesting arees. June densities of Savannah Sparrows were the hi ghest for
t hi s species and they continued to drop every month. By September few of
this species remained in Norton Sourd. Adult passerine of most species
generally left soon after the young fledg ed, leaving juveniles to follow
later.

Like Savannah Sparrows, Lapland Longspur densities dropped in July as
edults left the area. An influx of juveniles in August raised August
densities to the highest of the season. By early September most Lapland
Long spurs had left the area.

Fall migration was much more visible than that of spring. Both long-
spurs and Savannah Sparrows moved through all of the wetlands that we
visited in August in sizeable flocks. Shields and Peyton (1978) report a
peak migration date of 8 August for Savannah Sparrows at the Akulik-
Inglutalik Delta near Koyuk when approximately 500 birds passed through.
They found that Lapland Longspur numbers peaked on 15 Auwgust with an
estimated 800 birds.

3. Gecgraphic Distribution

Although passerines were common in all the wetlands of Norton Sound,
some areas had especielly dense concentrations. These area use patterns
are illustrated in Figure 64 for Lapland Longspurs, Savannah Sparrows, and
for all passerines combined.
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Figure 63. Seasonal abundance of passerine. Data are
from 1980 land.surveys and apply to the immediate vicinity
of wetlands. The June peak is due to breeding birds and
their newly fledged young, while the August peak is due to
an influx of juveniles nostly longspurs, fromnorthern
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Figure 64. Geographic distribution of pagserines en Norton Sound wet | ands.
Data are from 1980 land SUrveys. High densities at Brevig represent concen-
trations on asmall wetl| and area, nostly of juvenile wagtails and longspurs
in early August. High densities at Imuruk are for breedi ng populations in
June only, and thus are inflated relative tc densities at other wetlands
that were censused more often. High densities at Stebbins are coupled with
a large wetland areasuch that Stebbins had a far greater passerine popu-
lation than the other wetlands.
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Brevig Lagoon had the highest densities for all passerines and for
longspurs. This was a small area, however, and relatively unimportant in
total numbers when compared to large wetland areas such as Stebbins,
Imuruk Basin, the Fish River Delta, and Koyuk. The high densities at
Brevig were largely due to migratory flecks of Lapland Longspurs and
Yellow Wagtails from 2 to8 August.

Imuruk Basin was censused only in late June, when most passerine
were at peak density; ther ef ore, its densities are not as representative as
data from areas censused over several months. Imuruk Basin was shrubbier
than other wetland areas in Norton Sound. Consequently it hada more
diverse passerine population, containing 15 species. In contrast, the
passerine population eat Stebbins was composed almost entirely of Lapland
Longspurs and Savannah Sparrows. Due to its large wetland area, both
species were more abundant there than anywhere else in the Sound.
Savannah Sparrows were the most common passerine breeder at Stebbins, but
had dlightly lower overall densities than longspurs because they migrated
south sooner, The Fish River Delts, Koyuk, and Safety Lagoon also had
relatively high passerine densities and numbers, primarily of Lapland Long-
spurs and Savannah Sparrows.

4, Nesting Phenologies

By the first week of Mayin both 1980 and 1981 many passerines,
including Leapland Longspurs and Savannah Sparrows, had arrived on the
breeding grounds. These two species began setting up territories within a
few days of arrival. Nesting began within a week of arrival for most
Lapland Long spurs and dlightly 1ater for Savannah Sparrows (Figure 65).
There was no notic cable migration. Numbers simply increased until breeding
densities were reached.

The average clutch size of 13 longspur nests in 1981 was 4.7, and
this includes two late nests, probably re-nesting attempts, with three eggs
each. Savannah Sparrow nests averaged 5.3 eggs each in 1981 (10 nests).

In late May the young began to haich, and the high June densities
reflect this addition to the population, By the end of June amost all
young passerine had fledged.
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M. Peregrine Faleons

Peregrine Falcons are rare breeders on the cliff’s and rock outerops
around Norton Sound. Known and suspected nest sites sre usually on cliffs
near seabird colonies, where falcons are protected from mammalian predators
and have a& reliable supply of food. Our observations of nest sites and indi-
vidual birds have been reported to the OCSEAP Arctic Project Office in
Fai rbanks. None are given here, because of the sensitive nature of this
species and the potential for di sturbance by unlawful taking of eggs or

young for falconry.
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Vi, RESULTS
Pert Two. Trophie Systems

Seasonal trends in the primary and secondary productivity of habitats
play en important role in patterns of bird habitat selection and migration.
This seetion will di scuss productivity of bird foods in habitats of Norton
Sound, the seasonal energy cyeles of birds using these habitats, and the
specific food habits of the common shorebird and duck species.

A. Productivity of Habitats

Nutrientsarea drivi ng force of growth, and their availabilitiy limits
or pronotes primary productivity.  Wetlands of river and littoral systens
rec give periodic and substantial inputs of waterborne nu trients,and for this
reason are the prime habitats supporting bird life in Norton Sound.
Drainag e systems channel spring floods cerrying the winter's snowmelt and a
surplus of production from the previous year in the form of detr itus. This
detrital load is composed of tons of plent end enimal remains, ItisS
concentrated fram large wat er sheds into relatively narrow valleys and
outpourings of rivers, and i S deposited over deltas and into lagoon systems,
replenishing t hem with mutrients, Detritus f eeds scavengi ng invertebrates,
elassed as detritivores, including many of the fly larvae eaten by birds, and
the nutrients released from detritivores and from detrital deconposition
allow & rich plant growth. ‘|’ hi s in turn al | ows arichfauna,

Wetland flooding each spring is enhanced by snow and ice dans at
river mouths and lagoons, Thus, most of the major wetlands of Norton
Sound retain floodwaters from the beginning of snowmelt until the end of
breek-up, a period of ebout two weeks in mid to late May. Pest flood river
flow continues the nutrient input from terrestrial sourc es, though at
reduced levels,  Further nutrient enhancement is provided by coastal
floeding in late summer and fall when storm-churned coastal waters swell
onto low-lying wetlands, In this way, these wetlands are pert of the inter-
tidal zone.

Lagoon sSystems at river mouths owe their richness not only to their
freshwater nutrient inputs but also to their partially enclosed shallow
waters. Barrier beaches reduce the feteh, limiting the extent and strength
of wave sc¢ ouring, and by similar means limit ic e s¢ our. In turn, ice is
retained later into spring (dining rivers, as sbove) without the aid of
currents and wind drift aveilable offshore; this serves to delay the seasonal
production cyele. MNonetheless, rooted aquaties may take hold in the photic
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zone. Notable among these is Eelgrass (Zostern
its northern limit in Norton Sound (McRoy 1968).

Eelgrass plays an important role in the ecology of shallow waters. It
stabilizes bottom sediments, produces oxygen, provides a sheltered hebitat
for small animals, and capt ures nutrients, eyeling t hem back into the lagoon
when the grass dies (Klug 1980; den Hartog 1977) It is @ renowned food
of Brant and may nourish Canada Geese and Swans as well. We found
extensi ve Eelgress beds, particularly in July and August, in Safety Lagoon,
and have found thieck windrows et Lopp and Golwin Lagoons. It has been
reported from St, Michael's Bay, Malikfik Bay, Kwiniuk Inlet (Moses Point),
Port Clarence, and Grantley Harbor {McRoy 1868).

mering) which approaches

B. Energy Demands of Birds

Nesting, molting, and migration place seasonal |y high energy demands
on most birds. Indeed, the seasonal limits on productivity in the north
compel migrants to move south to exploit seasonally productive habitats of
their winter grounds. While birds are in Norton Sound, their prey selection
and choice Of’ habitat reflect their energy demands. Food choic es may be
further modified by Strategies limiting competition between parent birds and
their young, as these age classes may select markedly different foods.

Nesting is always an energy-intensive activity for birds, though each
species may approach the problem differently. Canada Goose females are
known to begin laying and proceed through incubation without feeding,
rel ying on fat reserves and protein stored before arrivel &t the nesting
grounds (Raveling 1979). This allows t hem to begin nesting well before the
tundra is clear of snow and before the summer's plant growth is underway,
Most other birds, particularly the smaller ones, cannot develop such large
fat deposits and must continuelly repl eni sh their reserves. This is perti-
culerly true during and after the northward migration. Western Sandpipers,
for example, nust make frequent stops during nigration to feed, whereas
the lerg er Dunlin can migrate by long, sustained flight (Senner 1979). The
mount of fat they have in reserve upon arrivael on the breeding grounds,
and how much food s t hen available, may affect reproductive activity and
nesting success (Norten 1973; MacLean 1969).

Egg laying IS perticularly draining. Small sandpipers lay four eggsin
@ many days that together may weigh nearly as much as an edult female.
Their need for calcium ecan be great at tnis time, and MacLean (1974) has
shown that they may teke in @ majority of their calejum from teeth and
bones of small mammals and from inseet prey prior to laying, and little is
stored for the purpose. He further suggests that much of shorebird
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feeding may not be regulated by the need for fat reserves alone but by
the need for minerals and nutfrients that are sc arce in food.

The hatching of young in late June and July signels another demand
on the food supply. Ducklings ere noted for théir dependence on imsect
food for rapid body growth (Danell and Sjoberg 1977). A similar depen-
dence by young Lepland Longspurs on craneflies has been found (Custer
end Pitelka 1978; Seastedt 1880) while Holmes (1966a; 1972) has demon-
strated the need for emergent imsects by young arctic and subarctic
sandpipers., All of these prey selections serve to build body tissues from
protein-rich foods.

Many adult birds molt theif flight feathers, and sometimes their body
feathers, soon after nesting. Feather development requires e great deal of
energy. Following the molt, intense feeding builds up fat reserves for the
return flight south. Even species such as Semipalmated Sandpipers, which
do not molt after nesting;, exhibit a similar pattern, spending about 90
percent of the 24 hour day feeding before migration (Ashkenazie and
Safriel 1979).

Thus, the entire period of residence in Norton Sound is one of high
energy needs for birds, and this; for the most part, explains why birds
concentrate in the food-rich wetlands,

C. Bhorebird Food Haebits

This section begins with an overview of shorebird foods, lumping the
food habits of the four commori species: Semipalmated Sandpipers, Western
Sandpipers, Dunlin, end Northern Phalaropes (Table 27). This provides a
general picture of what foods afe important, end is supported by discussions
of the major food types in both wet tundra and protected shoreline
habitats. Following these, particulars of the food hebits of each of the
four species are discussed separately (details of the stomach contents are
given in Appendices 8 through 15). Food hebits of less common shorebird
species are discussed esrlier In this report in Section VI(1)-H, "Shorebirds.”

Collections of shorebird stomachs allow us to comment on the prineipal
foods of adults and juveniles over the course of the spring and summer. We
did not secure samples large ehough to &llow analysis of seasonal trends,
and we will rely on published works to discuss these, Identification of food
organisms was usually only to femilali or higher cstegories due to lack of
faunal descriptions for western Alaska.

As a group the four comimon shorebird species fed most heavily on fly
lervae of the midge family (Chironomidae, Figure 66, Table 27); these were
found in 40% of birds collected from both tundra ponds and intertidel areas.
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Table 27. Shorebird food habits

See Appendices 8 through 15 for details for each species.

summarized for
Sandpipers, 27 Dunlin, and 20 Northern Phalaropes collected in Norton Sound, 1981,

17 Semipalmated Sandpipers,

22 Western

- - 1 - T W T T - G W = G v S e - s e e U e s e e B ek e 1 2 A e e o B G P s e s i SR ST e D S T S P - S = e G - o P W G o T e G Bhs O e e T

Prey Itams n
Midge Larvae 330
Crane Fly Larvae 1
Cyclorrapha Larvae 73
Beetle Larveae 208
Beetle Adults 7
Hymenoptera 4
Spiders 4
Isopod

Mysids

Cledocerans 52
Cladoceran Egg Cases 530
Snails 5
Cl ams

Seeds 724
N of Birds

Wet Tundra

%1 Freq.
47 .8 18
1.0 3
10.6 8
30.1 18
1.0 5
0.6 3
0.6 3
7.5 1
- 2
0.7 1
- 21
45

Littoral
%1 Freq.
57.3 13
0.6 1
3.4 3
7.9 4
0.6 1
0.6 1
1
14.6 3
3.4 5
11.2 1
-— 17
41

Mean
Length
2 %t3 ()
42 8.7
3 12
10 8.0
i3 9.0
3 6
3 4
3 4
10 9.0
16 3
3 2
55 1.5

1Percent of total individuals, not including cladoceran eggs.
2Numbex' of stomachs in which the item was found.

3P«ercen'( of stomachs in which the item was found.
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MIDGE (CHIRONOMIDAE) | MAGGEOT (CYCLORRAPHA)

CRANE FLY (TIPULIDAE) BEETLE (DYTISCIDAE)
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10 mm

Figure 66. Common insect larvae eaten by shorebirds in Norton
Sound. The scale is approximate.



Beetle larvae were the next most common food from wet tundra, and were
also frequently takenfrom intertidal substrates, aswere mysids, Small snails,
and small clams, Fly larvae of the suborder Cyclorrapha essentially
maggots) were the third mest cammon food taken from wet tundra ponds and
were less ecammon from the littoral zone. Approximately half of all shore-
birds, reg ardless of habitat, had seeds in their stcmachs, mostly from sedges
(Carex spp.) eand Mere's Teil (Hippuris tetrsphylim). These seeds may be a
necessary part of the diet and might not be ing@ted incidentally (see
below).

1. Wet Tundra Foods

Fly larvae are the principal conmponent of most shorebird diets in
tundra areas. Midge larvae of tundra habitats in Norton Sound are
probably limited primarily to pond margins, and this is where we observed
most tundra Shorebird feeding activity. For similaer habitat on the Kolomak
River (Y-K Delta), Holmes (1972) esserts that there are virtually no sod-
dwelling insect larvae, and that Dunlin find almost all of their food at pond
margins. This is in contrest to the more widespread occurrence of insect
larvae found by Holmes in the well-developed sod at Barrow. There, crane-
fly larvae (Tipulidae) are the preferred food; these are able to respire in
air and ere well adepted to living in moist soils, In the low-lying wetlands
of Norton Sound thereislittle humus-like soil, and these more barren
substrates cannot support the rich lervel populations thet thrive in moist
organie-rich sediments, as are found in ponds and along pond margi ns. The
moi sture content of wetland sods in the Sound may also be too low for
man y midge and other lervae that depend on & wat er medium for r expiration.
This pauecity of sod-dwelling larvee is caused in part by periodic floods.
The details of how this works are not clear to us, yet the result is quite
apparent; the nost productive wetlands, notably at Stebbins, Koyuk, and t he
Fish River, have a low-lying, feirly sparse vegetation, and myriads of ponds
and chennels. Salt burning is partly a cause, as i s silt and sand deposition
from floods.

We found midge lervae to be the nost abundant suitably-sized prey in
mud samples from pond margins and the littoral zone (Table 28). They were
only slightly more common in these substrates than they were in stomach
contents, relative to other org enismns, sugg esting passive selection by
f eedi ng birds. However, the average size was about 40% larger for ni dges
eaten in wet tundra ponds (9.8 mm) relative to those evailable (6.9 mm).
Hence, selection for large size is apparent; Holmes (1966a) has noted a
m ni mum size of 5 nillineters for midge larvae taken by Dunlin,
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Table 28, Prey availability in (A} Pond margin mud on wet tundra and (B) Littoral mud from protected
shorelines of the Fish River Delta and from canals at Stebbins. :
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May sune July August Sept.
Length Length Length Leng th Length No. per
Item n {rmm) n (nm) n {nm) n  {nm) n {rm) Semple %1 Leng th
A) Pond Margins
Midge Larvae 532 6.7 755 6.8 625 7.2 23 8.4 30,7 58.4 6.9
Crene Fly Larvae 1 14 1 10.0 16 10 0.3 0.5 10.2
Cyclorrapha Larvae 1 8 620 5.6 9 5.8 4 6.3 10.1 19.1 5.6
Beetle Larveae 25 10.4 1 10 0.4 0.8 10.4
Caddis Fly Larvae 1 10.0 <0.1 <0.1 10.0
Nematodes 660 7 17 12.9 13 6 11,0 20.8 7.1
Snails 5 4.8 5 3.5 1 3 0.2 0.3 4.0
Clams
N of Samples’ 10 25 14 14 0 Sun= 63
(B) Littoral
Midge Larvee 586 7.4 489 7.5 7 4.0 109 6.6 3 8.3 16.4 7T7.2 7.4
Cyclorrapha Larveae 26 4,2 1 8.0 1 4.0 0.4 1.8 4.3
Isopods 2 9.0 .1 0.1 9.0
Amphipods 2 7.5 2 4.0 0.1 0.3 5.8
Nematodes 76 5.6 112 9,0 57 3.2 36 10.1 3.8 18.2 7.0
Snails 4 6.0 20 3.9 2 6.0 0.4 1.7 4.4
ClmTlS 1 300 1 4.0 9 2.9 002 0.7 3'0
N of Samples’ 20 23 10 15 5 Sum= 173
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1Pett'cent of total numbers from each habitat.

2Samples were 20 x 25 cm and 4 cm deep.



Midge larvae are NOt always readily available to shorebirds, and this is
dependent on the midge life cycle (Figure 67) and on weat her. A mid-
summer emerg ence Of adultflies causes a depressi on in larval popul ations,
though this may be smoothed by the presence of several different species
with non-synchronous emergence peri ods. This energence is heavily
expl oi ted by shorebirds though we substantiated this only by observations
of feeding birds and not a stamach contents exanination. Chi ck hat chi ng
is notably synchronous with fly em erg ence, and chicks feed heavily on adult
flies in their first week of life (Holmes 1966 and 1972; Holmes and Pitelke
1968),

We noted drying pond margins in Norton Sound wetlands in August of
1980 and 1981, and suggest that this may be a regular event in the region,
exposing more substrate to larvae-hungry birds. Local flooding may quickly
change this availability, as Holmes (1966a) found at Barrow where inclement
weather may override insect life eyeles in controlling food availability.
There late-season rains flooded ponds and covered otherwise accessible
larvae.

Other factors must surely affect midge larvae availability, as we noted
a steep decline from July to August in tundra pond semples (Figure 68).
Holmes (1970 and 1872) noted the same for his study area on the Y-K Deélta,
and suggests that this decline induces Western Sandpipers to depart early
and Dunlin to shift to riverbanks and intertidal feeding sites. Our habitat
use i nformation supports this. There were a variety of shorebirds feeding
al ong tundra ponds in August, yet there were fer less than in either June
or July, and we noted a shift to intertidal areas in July and August (see
Fi gures 48 and 49).

Cyclorrapha fly larvae were taken principally from wet tundra ponds;
few were avallable or taken in the littora zone. They are true maggots
(Figure 66). They have a soft body and usualy no head capsule, and are
considered to be the most highly evolved flies, including in their ranks
houseflies, fruit flies, and a host of parasit ic flies (Oldroyd 1966). Larval
forms are particularly difficult to identify, and we can only say that those
eaten by shorebirds were mostly detritus and plant feeders. A few may
have been leaf miners, though these types were more commonly eaten by
ducks (see below). Maggots were very important as food for Western Sand-
pipers on the Y-K Delta (Holmes 1872) where they were of minor importance
for Dunlin (Holmes 1970). On aretic tundra near Barrow, maggots were
infrequent foods of the four calidridines nesting there (Holmes and Pitelka
1968),  Their frequency in the stomachs of Norton Sound shorebirds is
probably related to their aveilability (11% of tundra foods, 19% of prey in
mud sanpl es).
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Figure 67. Life cycle of midges in Norton Sound.
Adapt ed from Holmes (1966a). Dates are approxi mate.

A decrease in the abundance of larvae may occur
during adult energence.
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Beetle larvae were also mostly found in tundra ponds rather than in
the littoral zone, and many of those eaten by shorebirds were ¢ arnivorous
dytiseids. Their low freguency in mud samples is surely due to their
mobility, as they ere more likely to be caught by deft shorebirds than by
us, These larvee were far m o r e important in the tundra diet of Norton
Sound shorebirds then as recorded for Dunlin and Western Sandpipers on the
Y-K Delta (Holmes 1970 and 1972) or for the common ¢ ealidridines at Barrow
{(Holmes and Pitelka 1968). As with fly lervee, this is probably e result of
their availability, and beetle larvae may &also be easy to capture, being
active on top of the mud substrate.

Seeds appear to be a croon food, aithough their nutritional use is
not elear. Ruddy Turnstones nesting in the high aerctic may feed on seeds
almost execlusively before insects become available in spring (Nettleship
1973) and seeds are conmon in diets of numerous other shorebirds reported
by Bent (1927). Seeds are definitely over-represented in stomach contents
analysis because they do not break down readily, and they may be regur-
gitated {in snipe) without having been digested (Whitehead and Harris 1966;
Tuck 1972).

Three-quarters of &ll seeds taken in tundra ponds were eaten by
Northern Phalaropes, and nearly all of these were in July when phalaropes
were surface feeding on ponds. These seeds were probably floating and
had recently been released by parent plants. Holmes (1970, 1872) suspects
that seeds ingested by Dunlin and Western Sandpipers were incidentelly
eaten with caddis~f1 y larvee (Trichoptera) that use seeds in their c ase
building. We noted too many seeds in their stomachs and too few caddis-
fly ceses in ponds to support this,

2. Littoral Foeds

Shoreline littoral habitats offer mostly midg e larvae and nematodes &s
animal prey (Teble 28), though nematodes were very rare in shorebird
stomachs, Excluding nematodes, mi dge larvae comprised 94 percent of the
macroscopic animals in the mud. The |lower percentage of midge lervae in
shorebird stomachs {56 perc ent) and their slightly larg er Size (mean = 8.7
mm) relative to those in the mud (meen = 7.4 mm) sugg ests that shorebirds
mostly detected, or mostly selected, the larger ones, Midge larvae were
most aveilable in May and June, and their abundance in shorebird diets
roughly follows this seasonality (Figure 69). The low in July is probably
due to the emergence of adults.

Few other imsects occured in the littoral zone., All littoral zone
feeding shorebirds Whose stomachs contained beetle larvae were col | ected
near river channel banks on the vegetational edge of the Fish River Delta.
These larvae were surely not living within the mud substrate, as midge
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larvae do. We found none in our Tud sampling (Table 28) and suspeet that
they were gleaned as surface-active carnivores. The ecyclorrapha larvae
were uncommon in both mud and stomachs.

Clams were prey of Northern Phalaropes able as was true of all but
one of the mysids eaten.

The littoral zone is not always aveailable for shorebird feeding, and is
covered periodically by what Drury (1980) considers "capricious tides.”
Though generally exposed at night, mud and sand flats reach their greatest
exposure late in summer. Riverine delta flats are prominent at Woolley,
Sefety, and Golovin Lagoons near the mouths of the Kwik, Koyuk, Inglut-
alik, end Unalakleet Rivers, and at the mouth of Malikfik Bay. Moderately
steep canal banks are tidally exposed in the Stebbins/St. Michael's and
Koyuk wetlands. Of these, the littoral zone at Safety and Golovin Lagoons,
at Koyuk, and the canal banks on the wetlands near Stebbins were the most
intensively used by feeding shorebirds.

3. Wet Tundra and Littoral Habitats Compared

The comparisons present ed here apply only to mud substrate and
stomach samples, taken principally atthe Fish River Delta and near
Stebbins. We suspect that similar sites in Norton Sound have similar
properties though nore samples are needed to discuss them.

As a group, shorebirds usually fed nore successfully at tundra ponds,
having an average of over twi ce as many prey ani nal s per stomach than did
birds collected in the littorsl zone (Table 28), and this difference was
significant. The number of midge larvee per stomach wes greater in tundra
feeders, though not significantly different from littoral feeders. This
inplies that the variety of other tundra invertebrates conplinented larval
midges in the richness of tundra diets,

Wet tundra mud samples held over twice as many suitably sized animals
on average than di d littoral samples, and this is also true when comparing
nunbers of midge larvae alone (Table 30). These differences are not signi-
ficant because of the high variability between samples, espeeially of nidge
lervae., About one-fifth of the semples in each hebitat were devoid of
macroscopic animals, many had few animals, some had numerous animals, and
a minority, particularly from wet tundra ponds, had a great many animals
(Figure 70). Excluding counts of nematodes (these were rare as bird food)
t h e number of animals per littoral samplée decreases to the point of being
significently different but marginally so, from that of tundra pond samples,
Hence, we found a high degree of variability in our samples, with generally
higher counts of potential prey in the mud of tundra ponds. As discovered
with stomech contents (see the preceeding paragraph), numbers of midge
larvae were dominant, but not gll-important, Rather, the numbers of ot her
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Table 29. Stomach eontents of wet tundra pond edge and
littoral feeding shorebirds compared.’

- . = e Wt G e S T e T > o ke i T e = T o o ot e e i et S A i e e Y e e e e e A o T S e e S o o e S S W

"""""""""""" Wet Tundra Ponds Littoral  p?
Total Animuls'3
Mean 16.1 7.4 002
Standard Error 2.9 1.7 (Significant)’
n 40 25
Midge Larvae?
Mean 18.3 7.8 0.12
Standard  Error 4.9 2.4 (Not
n 18 13 significant)

1pata for Semipalmat ed Sandpipers (16), Western Sandpipers (18), Dunlin (15 ),
and Northern Phealaropes(16).

2Mann-Whitney U test; used instead of t-test because of unequal variances.

3poes not include eladocerans taken by phalaropes, which were taken only
on tundra ponds. These are much smaller than the other prey and would
grossly inflate the total numbers data

‘Does not include data for stomachs without midge larvae (22 stomachs from
tundra ponds without midge larvae, and 12 from the littoral zone); inclusion
of this ‘zero”"data would have reduced the difference between means and
made it less signif ic ant.
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Table 30. Faunal comparison of mud substrates from wet tundra
ponds and littoral shores.

- Wet Tundre Ponds Littoral pl S

o T S Y o G B W o B m =Bt B B e e 4 M RS e s e e B SR e G B R S e €0 S B O e e £ T 60 e G ek O S0 Khe W O O SIS O e e (e e S e e

Total An imals? |
Mean 34,2 21.8 0.29
Standard Error 11.8 4.0 (Not
n 63 73 significant )
No. of Bmp ty Samp les 11 15 N
Total wi thout Nematodes
Mean 53.7 17.9 0.057
Standard Error 11.8 3.7 (Marginally
n 63 73 significant)
Midge Larvee o
Mpnn 32.0 16.4 0'@51
Stendard Error 9.0. . 3.8 (Not
h . 653 73 siigni ficant)

1pann-Whitney U test; used' instead of t-test because of unequal variances.

2poes not include animals less than two millimeters. Samples were 20 x 25
em and 4 cm deep.
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foods aveilable in tundfa ponds énhanced préy abunidance;

It seems obvious that shorebirds were better fed at tundra ponds
because these sites offered more food. ‘This may be enhanced by the
concentrating effe¢t of a narrow pond edgé relativé to the width of & mud
flat, and shorebirds may have to kpend more time searching for food in the
littoral zone. Both habitats had & high degrée of patchiness in food asbun-
dance as was implied by the high veriebility we found in animal numbers per
mud semple. This was found despite our effcits to sample mud only where
shorebirds appesred to be feeding. In both habitats this patchiness can be
partly attributed to the egg-laying pattérns of gravid insects; as well as to
physical properties. Substrate giialities fiay enhance faunal richness, and
on tundra this may be furthefed by & pond's tendency to dry up
periodically. Littoral substratés may be scoured by ice, or may have their
top layers continually suffocatéd or replenished by sedimentation. These
processes cen vary in time and space depending on currents, wave action,
and tidal flow, ancd thus contribute to pateéhiness; We do not know their
direction and magnitude, and a5 a result, We do not know the effects of
these actions on patchiness.

4. Stomach Contents

{a) Semipalmated Sandpipers. AdultSemipalmated Sandpi pers near
Barrow were found to feed most heavily (70%) on midge larvae (Figure 71)
At Barrow they were found 1O switch momentarily to adult flies when they
were sveileble in early July (Holmes and Pitelke 1968). Our collections
were too few to document & Switch to adult flies if this occurred. Our
sample of 4 littorally feeding adults showed small amounts of larvae of
midg es, craneflies, maggots; and beetles; as well as 2 small snails,

Of the 6 fledg ed juveniles collected on tundra, 3 had eaten fly
meggots and 4 had ingested beetle larvee, Notébly, none had eaten midge
larvae, in strong contras t to the diet of juveni| es at Barrow that relied
mostly on M dge larvee after their init fal di et of adult flies (Holmes and
Pitelka 1968). Midge larvae were ecommon in tundra ponds in July in Norton
Sound (Figure 68) end it appeers that maggots ahd beetle larvae may be
preferred foods during their short post-fledging period when they fat ten
before departure by the end of July.

{b) Western Sandpipers. Adult Western ‘Sandpipers feeding on tundra
were not as pertisl to midge larvee ms were Semipalmated Sandpipers,
consuming fairly equal numbers of midge larvae, fly maggots, and beetle
larvae (Figure 72). This dietary range resembles that for Westerns nesting
further south on the Y-K Delta (Holmes 1872), though beetle larvae were
considerably more common as food in our study.
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Figure 71. Stomach contents of Semipalmated Sand-
pipers from wet tundra and littoral habitats. Midge
larvae were the common food of adults in both habi-
tats. Juveniles fed mostly on.maggots on tundra and
none were collected in the littoral habitats.

n= number of birds in each age and habitat group; the number in
See Appendix 7 for dates and locations of
s of stomach contents.

Figures 71-74:
the lower right= number of seeds.
collections, and see Appendices 8-15 for detail
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Figure 72. Stomach contents of Western Sandpi pers from
wet tundra and littoral habitats. Tundra foods were not
at all simlar for adults and juveniles, although the

| atter sample was small. Adultswere generally taken ear-
lier in the season. Littoral foods were nearly identical
for the two age groups; these were usually feeding to-
gether at the sane time.

Figures 71-T4: n= number of birds in each age and habitat group; the number

. See Appendi x 7 for dates and locations of
the |ower right= nunber of seeds
collections,gand see %ppendlces 8-15 for details of stomach contents
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Because Westerns nest mostly cm raised moist tundra, their early
season foods, ants, spiders, and adult beetles, are princ ipally those of their
territories, bef or e wetlands are fully free of snow and spring fl| oods (Holmes
1972). In Norton Sound by the end of May they feed regularly in wetlands
away from their territories, and larval flies and beet| es become the nmai nstay
of the diet for the duration of the season (Figure 72).

Western j uveni | es first feed on surface-active flies, beetles, and al so
maggots shortly after hateching, switehing, once they have fl edged, to a
diet resembling that of edult Westerns (Holmes 1972). Our negligible sample
(N = 2) of’ post-fledging juveniles roughly supports this, especially those in
the littoral zone.

Littoral feeding was common in Norton Sound for Western adults and
juveniles, though Holmes (1972) found this to be infrequent on the Y-K
Delta. In this habitat in Norton Sound midge larvae were the predominant
food (Teble 27).

{c) Dunlin. The tundra food habits of Dunlin in Norton Sound (Figure
73) are those of strictly wetland feeders since on wet tundra they were
rarely seen feeding away from ponds and pond margins. ©Of the 8 adults
collected half had been eating beetle larvae while cranefly larvae and
midge larvee were each found in 2 stomachs, Numeric ally, larvae of both
beetles and midges were each somewhat less then half the animal diet.
Though a smell sample, this dietary array resembles the results of a more
complete analysis of foods on the Y-K Delta (Holmes 1870), where midge
larvae were by far the most common prey. With the exception of our
preponderance of beetle larvae, this diet is similar to that of Dunlin near
Barrow, where cranefly and midge larvae were predominant in a diet
gleaned from tundra sod (Holmes 1966 a). There, midge larvae were most
frequently taken in July and August. Biomass analysis of that diet showed
cranefly larvae to be the most important food by far due to their lerge
si ze.

In the littoral zone, midge larvae were the only prey of adult Dunlin,
save for asingle snail, while the number of seeds dwar f ed the small armount
of animal prey in juveniles.

(d) Northern Phalarope., Adult phalaropes took mostly midg e | arvae
and sone beetl e lervee from tundre ponds (Figure 74), and t hey gl eaned
t hese mostly from pond edges. Seeds were common in half of t hose
collected near ponds, while 2 of the 3 adults col | ect ed in the littoral zone
had seeds. Few phalaropes in the littoral zone were swimming and peeki ng
at the water, as is typical for phalaropes; instead, NDSt were pecking at
the mud surface. This was the usual feeding mode of adults at tundra
ponds, notably males, prior to chick fledg ing. Only one adult female was
taken, and she had eaten 3 midge larvae and a snail in the littoral zone.
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Figure 73.

Isopods

Snails

Seeds

Stomach contents of Dunlin from yet

100

50

100

50

tundra and littoral habitats. Tundra foods are not
readi |y conpared between the age groupsduetothe
small sample Oof juveniles collected there. Littoral

foods of adults and juveniles are very different

from each other; note the great number of seeds

taken by juveniles. '

Fi gures 71-74: n= nunber O birds in each age and habitat group; the number
the lower right= nunber of seeds. See Appendix 7 for dates and locations

collections, and see Appendices 8-15 for details of stomach contents
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NORTHERN PHALAROPE
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Figure 74. Stomach contents of Northern Phalaropes from
wet tundra and littoral habitats. Juveniles (note the small

sample sizes) had quite different foods than adults in both
habitats.

Figures 71-74: n= number of birds in each age and habitat group: the number in
the lower right= number of seeds. See Appendix 7 for dates and locations of
collections, and see Appendices 8-15 for details of stomach contents.
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Females massed on t undra ponds in late June, prior to departure, and fed by
surf &¢ e seizing.

After fledg ing, juveniles fceding on the tundra were mostly on ponds.
One of the 2 we collected had eaten many cladocerans, while the other had
taken 2 beetle larvae, In the littoral zene feeding juveniles were peeking
at the water's edg e or the mud surface, finding mysids and elems. T h e
cladoceran egg cases may have come from this habitat, though they may be
resistant to digestion and could have come from nearby pond feeding sites.
Seeds were eaten by 3 of the 5 juveniles,

D. Duck Food Habiis

We are best able to deseribe the food habits of dabbling dueks, as
they were much more common then divers and consi derably easier to collect,
Dabblers are also nore characteristic of the wet tundra areas stressed in
this report. The sample Size of duck stomachs iS about half that of shore-
birds; and, as with shorebirds, stomach contents data from the five most
common dabblers are lumped to give a general picture of dabbler foods.
Deteils Of stomach contents for easch species are given in Appendic es 16
through 20,

All dabbl ers were collected on wet tundra, and the f ood habits
reported here pertain to this hebitat alone. Identific ation of food types is
mostly limited to f emilial or higher categ ories, as with shorebird foods,
because invertebrate faunal descriptions are lacking for western Alaske.

1. Tundra Foods

Dabblers are typic ally vegetarians except in spring and sunmer when
animal prey provides additional protein needed for females to lay egg s,
adults to molt, and young to grow quickly to flight stage.

Ninety percent of adult dabblers (N = 25) had plant remains (larg ely
unidentifiable) in their stomachs, and 76% hed animal items (Table 31),
Plant shoots were mainly sedges (€arex sppw), and the thyme was mostly
remains of shoots from earlier meals, Weds were also of sedges es well as
Mare's Tail (Figure 75), en abundant emergent plant commonin mid to late
summer. The most frequent animal prey were midge larvae, occurring in
over 40% of adult stomachs. Cyclorrapha larvae were fairly frequent, at
24%,and many of these were probably plant miners (see below). Beetle
larvae, beetle adults, cranefly larvae, mites, and mysids were &all of lesser
fmportance.
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Table 31, Stomach contents Of edult and juvenile dabbling dudes collected on wet tundra from 18
May to 8 September 1981. Data are for 4 Mallards, 17 Pintails, 14 Northern Shovelers,
8 Green-winged Teal, and 3 American Wigeon (see Appendices 16 through 20 for

details).

"""""""""""""""" adults " Juvenites

Mean Mean
) Length Length

Prey Items n % Freq. %f (mm) n % Freq. %f (mm)

Midge Larvae 617 692 9 43 96 160 66.9 2 8 .8

Crane Fly Larvae 3 0.3 2 10 20

Cyclorrapha Larvae 209 234 5 24 9.9

Adult Diptera 37 15.5 2 8 3

Beetle Larvae 7 0.8 2 10 ‘7.7

Beetle Adults 7 0.8 2 10 107 13 54 2 8 5.3

Hymenopteran Adults 8 3.3 1 4 3

Mites 31 35 1 5 1

Mysids 3 0.3 1 5 7

Copepods 150 - 1 5 1

Snails 14 1.6 2 10 5 21 8.8 2 8 5

Nematodes 1 0.1 1 5 7

Animal Items 1,042  100.0 16 76 81 239 99.9 5 20 65

Shoots 323 - 9 6 29  13.1 75 -y 1 4 15

Veget ation (Chyme) — 36 12 57 41 18 72

Seeds 1,379 - 16 76 2.0 1,896 — 20 80 1.8

Plant Items 19 90 23 92

N of Birds 2 25

———— ——— —— —_— —————— o [y S [pp——— - [

1Pel'cent of animal matter, not including copepods.

Zpercent vol ume for those birds with thyne in stomach.

316 of the 21 dabbler adults were males.



HIPPURIS
TETRAPHYLLA

Figure 73. Mare's Tail (Hippuris
tetraphylla) , a common energent
pond plant in Norton Sound wetlands.
It serves asasubstrate formicro
fauna, thus enriching pond life.
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Only one pre-laying female was collected; its stomacheand esophagus
were full of shoots and shoot-mining maggots, The larvae are probably a
fine protein source for egg formation and prey; laying f emal es are known
to frequently CONSUNMe midge or other larvae (Dirschl 1969; Swanson et al,
1974; Krapu 1974; Serie and Swanson 1976; Schroeder’s 1873 review article).
Heavy reliance on midge larvae has been demonstrated by Bengston (1971),
where a reduction in these larvae prior to egg formation wes coupled with
a 20 to 30% drop in body weight of females in 4 dueck species. Clutch Size
was significantly loweredin5 of the 8 species he studied.

Adults are also highly dependent on invertebrates when molting, as
feather replacement requires a rich protein supply that plants alone may
not provi de (Krull 1970, Hawkins 1964). Wedid not collect flightless ducks
and cannot describe their f00d hebits during wing molt,

Many of the ecyeclorrapha larvee (NMaggots) were probably picked up by
ducks eating shoots of sedges and other wetland grasses, as certain of
these larvae are known to develop within plants. Called stem (or leaf)
miners, t hese naggots feed on nutrients procured by the plant, and they
provide what mightbe consi dered incidental protein to ducks. Brantfeed
on shallow water shoots in spring on Golovin Lagoon, and their stomachs
often contain many of these lervae (Stanley Amarok, pers. comm.). Not all
cyclorappha are ingested with plants, 8s we found them living free in mud
samples (Table 28), and ducks may procure them by dabbling.

Dabbler ducklings are particularly dependent on insects in the first
few weeks of 1life (Chura 1961, Bartonek 1972, Bengsten 1975, Street 1978).
We made numerous observations of young duckl i ngs feeding on the surface
and at the edges of ponds, and concl ude that they glean their nuch-needed
insects principally from these sites, It i s quite likely that the ducklings of
each of the dabbling duck species in Norton Sound have their own unique
foragi ng methods, and subsequently their own unique preferred prey base,
as this result was found for numerous duckling species in Manitoba (Collias
and Collias 1963).

As ducklings age, their dependence on ani nal food wanes. Chura
(1861) reports that Mallard dueklings st eadily decrease their intake Of
ani mal foods from emest 100% in the first 6 days of life t o nearly none at
46 to 55 days, when they are close t0 fledging.

Foods of juvenile ducks (N = 21) in Table 31 are of post-fledging
young. The stomach contents Show an infrequency of animal prey (20% and
a preponderance of seeds (80%). Seeds are more resistant t0 di gestion then
insects, and thus will remein longer in duck stomachs (Swanson and Bartonek
1970). This fact, plus the low frequency of animal prey, suggests that
young birds were not feeding as much as adults, and they were not
consum ng much invertebrate feocd.
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The richness of ponds and pond Margins in inseet life has beén
discussed earlier in the sectioni oh shorebird food habits. In the context of
ducks, we must also discuss the abundance of maeérophytes, as the abun-
dance of invertebrates undoubtedly religs oh thée Fichness of aquatic plants
(Krull 1970). Plants themselves océasionally nourish invertebrates (e.g. plant
miners), yet the prime nourishment coies from thé periphyton, ises the film
of mieroorganisms covering Submerged plant surfaces (Schroeder 1973).
These are principally bacteria, pfotozos; and algae. The more dissected the
plant (greater surfece area), the greater the insect fauna (Krecker 1839,
Andrews and Hesler 1943). Mare's Tail (Figure 75) is probably the most
abundant and well-dissected aguatic plant of ponds in Norton Sound,
providing abundant surface area for invertebrates, The fauna supported by
these plants, ecupled with the larval faunia of pond substrates, provide the
richness supporting Norton Sound's ducks.

2. Littoral Foods

We know little of the littoral feéding of dabblers, though we can
surm se it is mainly limited to shallow zones where dabblers congregate from
late July through Septembér. We havé observed many ducCks drawn to
flooded shallows along canals at Stebbins, iminediat ely following storm
conditions with onshore winds. These Were probably rooting up shoots in
the wet, loosened soil.
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VII, DISCUSSION OF RESULTS AND IMPACTS
A, Distribution of Heabitats

Discussed here is the distribution of the eleven shoreline habitats in
Norton Sound from Wal es on the Bering Strait to Apoon Mouth in Pastol
Bay, the easternnost nouth of the YukonRiver. The detailed division of
the entire coastline into 15 sections is simplified here into a three-region
scheme (Figure 76):

Northwestern - Wales to Cape Nome (Sections 1-6)
Northeastern — Cape Nome to Tolstoi Point (Sections 7-12)
Southern — Tolstoi Point to Apoon Mouth  (Sections 13-15)

These regional divisions are distinguished by their proportions of habitats
(Table 32) and by bird use (see below).

1. Northwest Coast

This region has nearly three-fourths of the total surface area of
protected waters in Norton Sound (Teble 33). Less than a tenth of this is
in true lagoons, the bulk being in the extended chain Of embayments from
Port CQlarence east through Grantley Harbor, Tuksuk Channel; and Imuruk
Basin. Over one-half of all shorelines are backed by moist tundra and
uplands, and t hese predominate in Grantley Harbor, Tuksuk Channel, and
Inuruk Basin, Exposed shore eliffs are found from Wales to Tin City and in
a few locations between Tin City and Brevig Lagoon. The only eliffs along
protected shores in Norton Sound are found in Port Clarence and Grantley
Harbor. Wetland shores (wet tundra and river delta shorelines) are most
extensive on Imuruk Basin, With a lesser amount on Woolley Lagoon and a
little on Brevig Lagoon. Spits are extensive at Port Clarence and both
Woolley and Brevig Lagoons.

2, Northeast Coast

This region iS unique because Of its extensive wetland shores (23% of
the reg ion's shorelines) and productive lagoons, notably Safety and Taylor
Lagoons, Golovin Lagoon, and Kwiniuk Inlet inside of the Mses Point spit.
Coastal eliffs are much more extensive here (and nore heavily used by
seabirds) than in the other two regions, and there is relatively less shore-
line backed by noist tundra and uplands., This is the only region with
spruce forests. Spits are extensive and conprise approximtely one-f ourth
of all shorelines. Mud flats in Norton Sound are essentially confined to
this region, and they occur on Safety Lagoon on Golovin Lagoon at the
nmout h of the Fish River Delta, adj acent to the Kwik River nouth near Mpses

Point, south of the Koyuk River mouth, and near Shaktoolik and Malikfik
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Bays,

3. South Coast

This reg ion is considerably less diverse in hebitats than the two
northern regions. Owver three-fourths of the shorelines are along moist
tundra uplands with low basalt bluffs and numerous tiny bays. There are no
enclosed wat ers, though St, Michael Bay is protected on the northwest and
south, Wet tundra shores extend nost of the distance from Stebbins to
Apoon mouth; these are peat banks, and unlike the wetland shores in other
regions, they are poor for birds. Aswillbe discussed below, the wet

tundra behind the shore is highly productive bird habitat. There is no spit
habitat in the region.

B. Habitat Use, Seasonal Abundanc e, and
Geogr aphi ¢ Distribution of Birds

The high mobility of birds allows them to exploit seasonally productive
habitats for nesting and feeding. In Norton Sound we have identified
several patterns of seasonal habitat use distinguished by breeding hebitst,
by when populations peak (breeding versus post-breeding periods), and by
where most of the peak population feeds (Table 34). Most migratory birds
arrive in Norton Sound from m d to late May. Their primary nesting habitat
(excepting ¢ f-nesting species) is wet tundre, usually adjecent to lagoons,
river mouths, Or river deltas. Much lower densities of nesting birds occur
in upland moist tundra, shrub, or forested habitats in Coastal Newton Sound.
Birds are generally mot abundant in coastal arees after the breeding
season, When they gather to build fat reserves and prepare for the flight
south. There iSa seasonal trend of increased littoral feeding as the
season progresses from spring through fall. Overell, populations are gener-
ally highest in the northeastern region of Norton Sound (from Cape Nome to
Tolstoi Point, 32 Km south of Unalakleet), followed by the southern region
(Tolstoi Point to Apoon Mouth, Yukon River), with the lowest populations in
the northwestern Sound (Cape Prince of Wales to Cape Nome; See Table 39
below). Departures of most migratory birds from ecoastal Norton Sound peak
from mid-August through mid-September. These patterns do not necessarily
apply to ali bird groups; the details for each of the eight croon groups
in Norton Sound are given next. Appendix 26 gives further information on
habitat use and seasonal abundance in checklist form for eall species we
observed in Norton Sourd.

59n



~ Table 34. Patterns of habitat use and seasonal abundance for
ei ght bird groups in coastal Norton Sound.

M= mpat individual. S . sone individuals.
k2] [4¢]
- =] [}
z Lo 1=
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1. \etland breeders with ’
a) peak nunbers in breeding
period feeding in:
(1) littoral M S M
(2) tundra S S s S s
b) peak nunbers after
breeding feeding in:
(1) littoral M M M S
(2) tundra S M S S
2. Upland breeders with
a) peak numbers in breeding
period feeding in uplands s M sl u
b) peak nunbers after breeding
period feeding in:
(1y littoral S S S
(2) tundra S S

1
Some Aleutian Terns nest on uplends and feed

in marine waters.
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1. Loons

Loons breed prinarily on wet tundra and are most common during the
nesting season (Table 34). A dlightly higher density inJuly than in June
represents the production of young (Figure 76); both young and adults
depart Norton Sound soon after nesting IS completed. Of the twO speci es
common in Norton Sound, the Red-throated Loon feeds more in littoral
areas, usually exposed shores (Table 35) than does the Aretic Loon, which
often feeds in tundra ponds (Bergman and Derksen 1977),as well as aong
exposed littoral shores.

Estimates of loon populations on Norton Sound wetlands were in the
low hundreds or less at each Site (Table 36). Well over half of these were
in the northeastern region {see Table 39 below), although the Stebbins
wetlands, in the south, had the high population of Arctic Loons (200) and
the Imuruk Basin, in the northwest, had the high estimate of Red-throated
Loons (120).

2, Waterfowl

Swans, geese, and ducks are treated separately here due to their
differing patterns of’ habitat use and abundance. Generadly, they are
wet | and nestersand after nesting are most abundant in wetlands and ‘ al ong
protected shores near wetlands when they gather to feed (Table 34, Figure
76).

{a) Swams. \Wistling swans are nost prevalent in coastal Norton
Sound after nesting (Figure 76) and at that time are found inlagoonal
(protected  shoreline) as well as wet tundra habitats (Table 35).
Post-breeding populations are greatest in the northeastern region (see
Table 39 below) and these occur primarily at the Fish River Delta (Golovin
Lagoon) and at Koyuk (Table 37). The origin of these birds is uncertain,
though they may come from nesting areason St. Lawrencei sl and as wel |l as
the Seward Peninsula  As many as 1,000 swans were counted at the
Stebbins wetlands, and these probably came from nesting sites on the
nearby Y-K Delta,

Nesting populations on wetlands were usually less than ten swans each,
though a few hundred non-breeders were present in spring at the Fish River
Delta (Table 36). Widely scattered nesting pairs were also observed aong
large inland lakes in upland tundra areas.

(b) Geese. VVery few geese nest in Norton Sound (Teble 36) and those
that occur there are primarily migrants. Canada Geese are the most abun-
dant and these concentrate (after nesting to the north of Norton Sound)
al ong protected shores, on wetlands, and on upl ands (Table 35) where they
feed on berries. Numbers peak in September and most of these ean be
found in the northeastern region (Teble 37); our estimates for total popu-
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Table 35. Habitat use and. activities *of Neiton Sound birds

during spring nigration,

br eedi ng,

and post-breeding periods.

This |1 st includes the common species discussed in Chapter VI-
Resul ts; see Appendix 26 for other SpEci es.

Shorel i nes Non- shor el i nes
. Exposed Protected et Tundra Moist tundra
Species Littoral Littoralflagoons) (et 1ands) (Upl ands)
LOONS
Arctic Loon br ,pb B, pb
Red-throated
Loon sm,br,pb BR,pb
WATERFOAL
Swans
Whi stli Ng Swan sm,PB,br sm,br,PB br
Geese
Canada Goose PB sm,br,PB PB
Brant S, pb s, pb
Enperor Goose  PB? sm,br,ph
Snow Goose sm pb pp
Dsbbl ing Ducks
Mallard sm, pb sm,br,pb
Pintail sm,pb SM,BR,PB SM,BR,PB br
G een-wi nged
Teal sm,BR,PB
Northern Shoveler sm, BR,pb
Anerican Wgeon sm, PB sm,br,pb
Diving Ducks
eat er Scaup am PB sm BR
0ldsquaw sm, br, pb sm,br,pb BR
Conmmon  Ei der sm, br, pb pb br
Black Scoter SM,pb br
Red- br east ed
Mer ganser sm sm,br,pb br
CRANES
sandhill Crane SM,br,PB sm,PB
SHOREBI RDS
Anerican ol den
Pl over pb pb sm,BR.pb
Bar-tailed
Godwit pb pb sm,br,pb BR
Whimb re 1 br ,pb br,PB sm,BR,PB
Black Turnstone sm,pb sm pb BR
Nor t hern
Phalarope Bm sm BR,PB
Red Phalarope SM,pb br
Conmon Sni pe br,pb br
Long-billed
Dowitcher sm,PB sm,br,PB
Semipalmated
Sandpi per BR,pb sm,BR,PB 8, BR br
Vstern Sand-
pi per PB br PB SM.br,pb " BR
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Table 35 cont.
Shorel i nes Non-shor el i nes
Exposed Prot ect ed Vet tundra Moist t undr a
Speci es Littoral Littoral (lagoons) (Wetlands)  (Uplands)
SHOREBI ROS cont .
Pectoral Sand-
pi per pb SM,br,PB
Sharp-tailed
Sandpi per PB
Dunlin pb sm,PB sm,BR,PB
JAEGERS
Parasitic
Jaeger pb pb sm, br, pb sm, BR
Long-tailed
Jaeger pb pb sm, br, pb sm BR
GULLS
d aucous Qull SM,BR,PB sm,br,pb sm,BR,pb
Glaucous-winged
Gull ph pb
Mew Qul | sm,pb sm,pb sm, BR
Bl ack- | egged
Kit tiwake SM, BR, pb
Sabine's Qull pb pb br
TERNS
Arctic Tern am BR, PB sm,BR,PB BR
Aleutian Tern am BR, pb sm,BR,pb br
PASSERI NE
Conmon Raven®  br ,pb br,pb br,pb br,pb
Yel | ow Vgt ai | br,pb BR
Savannah Sparrow br,pb BR, PB br
Lapland Longspur br ,pb SM,br ,PB BR

1

Key to activities - SM = spring nmigration, BR = breeding

(not necessarily nesting habitat),
and migration.

| ower
2

St.
3
Year

case indicates mnor

use.

Law ence | sl and habitat use seenon

round resident.
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PB = postbreeding feeding
Upper case denotes mgjor use of the habitat,

18 September 1980.
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Teble 35. Spring wigretion and breeding populations of the conmon birde on Horton Sound  wet  lands, 1980
1961. Ses Chapter & for erea of « oth wetland.

Soath
flortiaost Wetlands Rortheast Werlaads Metlends
pata’ Eatization’ Brevig Imaruk  Port Hoolley sstety and’ Vieh River Hoses Kayuk Shaktoolik tUnelchleat Stebbins swd roeat
Spacies Source Techaique Lagoop  Basin Clarence Lagoon Taylor Delta LagoonPoint Stuar? Island
LOONS
Arctic lLoon Ls bad e 10 t5 «10 30 80 ‘80 80 €0 s 200 62
Red-throated Loon 15 (4] 15 120 so 15 so &0 60 100 w 10 30 470
VATERFORL
Suans
Vhistling Suan w T .5 10'e .10 €10 100"6 100°e .10 <10 n '_.‘ <10 10'e 100'a
Gexge
Cansda Coosa Ls .14 €10 <10 10 107* 10°.,0 10%
Branc® w ' 40 100'8 10's 100's 10002 100's 100D'S - 10's «1000's
Empetor Gogﬂ“ Ls RE 10%s - 10’s 10's
Snow Goase w e .10 10's <10 10'a 100 100's lo’s 100'e 1c0'e
Debbling Ducks
Hallard Ls RE <10 108 100% 10'e . 10
Pintail w ar 100%s 10’s 100°m 100°s 100‘s 1000 100's  100's 0% 100's 1000"v £1000's
Creen—vinged Teal 18 RE 10's  100'a 10”9 10's 10°a 100%s 100 300" i0's .10 100's £1000's
Worthers Shoveler is RE 10's 100'e 10”6 10°s 10's 100”’s 10'a  100% 10 100:9 £1000"
Amzrican ¥igeon LB RE 1o0's <0 10's 10", 10's 0% 10 %10 .10 10% £100%s
Diving Docks
Creater Scaup 18 4 10's 100's «10 .10 10's 100%e 160"s 10's 10'a 1000%s 71000's
Oldoquaw 22 RE 100's H0'p 100 ‘s 10's 10'a 10% 10's 10's 10%s 100'0 £1000"¢
Comaon Eider LS RE 100'e .10 10%e 108 i0's 10 .10 <9 10's [100's
Bleck Scoter 1s .14 100'e 100" 6 <10 10 .10 10's 10's i0's 1100's
Red-breasted Hergonoer LB RE <10 10's 10%a 10'a 10's 10%s €10 la‘.s 0's £150'e
CRANES 2
Sandh 411 Crane’ 18 RE <10 10'a 10's <10 <10 10™* <10 <10 <10 10%s £100's
SHONERIRDS
Azzt fean Colden Plover LS w <10 200 10 20 « 10 «190 <10 .10 «10 36
Bar-tatled Codwit Ls w 2s 40 25 <10 20 .10 40 220 - 50
shisbrel LS w 20 100 <10 ©10 10 <10 45 20 Rl « lQ‘ 20 2154
Black Turnetone Ls [a) 10 100 <10 .10 «10 .10 €4 .410 1600 1110+
Rorthern Phalarope Ls 14 S0 41s0 510 120 2040, 1300 7530 8230 1030 100 25520 ‘51950
Bed Phslarope s RE .10 <10 . 500 -« 10 cH 5004
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Toble 26, continuad. ‘

South
Rortiwest Wotlands Bortheast Wetlends Vet lapde
noul nuunwz Brevig Imuruk Port Boolley Safety \_[ d Fish River Mose s Xoyuk Shaktoolik Uualakleot Stebbine ond mu.‘
Species Source  Technigue Lagoon  Basin C lavence Lapoon Taylor Lagoona Point Stuert lgland
Coamon Salpe s 1] 20 40 «}0 20 20 20 30 10 § 40 2104
Long-bil led Dowitehor Ls w 40 30 50 <10 20 20 130 20 300+
Sesipslasted Ssndpiper LS w 210 4140 750 460 2160 4660 7390 16460 360 43600 89,1
¥eatern Sendpiper L3 [4] 90 370 2830 220 2630 6606 50 5506 510 580 8,190
Poctorsl Sandpipar LS Lad 20 - 20 - - 200 - 200 - 4404
Dunlin L8 ] 130 L] 900 330 1000 1% 850 370 16220 23,9%
JADCERS
Paras it ic Joeger X3 e 10'e 10'e 10'e 418 10’s 10's 10%s 10's 10's .10 10'e f100's
L.an-cailed Jaeger LS RE 10'e 10°* 10's 10's 101 10'a <10 10°. 10'a 10's f100's
CULL3 .
Claucous Gull HAS w ig's 40 250 10°s 100's 410 270 870 440 10°0 220 3,000
Mew Cull L8 w <10 40 10's 20 180 170 90 30 250 800
Slock-logmed Kittivako s RE 10%* 10'. 10'e 100's . 10 «10 10's £100's
Sabine'as Gull %] RE <10 «10 <10 .10 {0 , 10 10's f10's
Arctic Tern 13 w 70 220 100°s 10'e 600 lot)B 100 80 40 10's 500 2,000
Aleutisn Torn LS T 2t 30 300+ 30 10's 18 .10
PASSERIURS
Common Raven LS [ - 10'e 10's 10°e 10, * 10's A0 10%e 10’9 i0'e £100'2
Yellow Hagtail LS ag 100's 100'e 107, 10°. 10's 10's i0'a 10’s 10's w'u
Savannsh Sparrow Ls RE 100's 1000's 100’ 100's 100°s 100's 100's  (00G‘s i00's 100's Iwo’s 110, .
Lapland Longspur LS ne 100's 100's 10%s 10's 1000'e 100's 100°. 1000'e 100°* 100’0 1000's 110, 000's

'Dota soutces: LS - lend survey, WAS - wetlond serial gurvey, L¥ = both types of aurveys,

Zuuutln technique: TC

tots]l count, PV - projected valua using dens it ien, RE - rough eat lmate
3

Inclodec Flawbesu and Eldoredo River wouths,
‘Toul ast tmare key: f = few(l-5), = * many(6-9).
,llnnk dsnotes no oightings.

%l;r.nu in opring. ¥one or 1 0 nesting in wetland indicated

7Almndam . . migrants {n epring, though [ prt.. wigranta were not adequately censused. Numbers ladlcate
M.tin* population.

S0n Golovin spit.
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Teble 37. Post-brasding populations of common birds on Rorton Scund wetlands, 1980 amd 1981. Thio only
" incledes speciea whose poat-breeding populstions are sianificantly greater than the breeding
populations (Tebio 15).

South
Hiorthuest Vet lands Rortheast Wetlonds Yetlands
Deta Estimetion  Bravig lowruk  Port Yoo Bey Safety ond Fish River Kosee Koyul Shaktoolfk  Unalskleet Stebbine and TOTAL
Spac len Source  Technlque lagoon Basim  Clarence  Laguon Taylor_Lagoons Delta Point Start lsland
HATERFOUL 5
Susap WAS Tc - 40 @2 10 n 1602 63 447 &5 <10 1007
Uhistling Swan
Gerne
Canada Gooss uas ¢ 40 331 561 112 1030 1935 872 150 8664
Dabbling Ducks )
Hallard UAS w i0 350 30 40 570 300 20 3310 690
Pintail HAS w 30 1350 200 60 2100 3100 6700 1070 460 100 2200 173%0
Aaericen Wigson WAS PY 20 132s3 300 3100 150 2090 <10 1880 7850+
Biving Oucka .
Crester Scaup WAS PY(TC) <10 300 25 180 1$30070) 180 200 <10 1340 35554
CRANES
Sandhill Crans uns w 40 6700 600 S0 100 1300 300 2900 .560 6000 20300
SHOREBIRDS
Americsn Colden 1s RE 100's - 10's 10Q'S 10's 10’s 10’s 10's i0's 100's £100's
Plover
Bar-tatied Godwit 15 ot iG's - 10's 10'e 10'e 10's 100's 100's 10’s 100°s »i0d's
¥hisbrel [%3 m 10's - 10's 100's 1000's i00"a 100's 10's 100's £1000"n
Ror thern Phalarope L3 w 110 - 1300 130 15450 2000 2700 2600 270 1 46310 57040
Long-b 11led ts RE i0's 100's 10's 10's 100's 106's 100's  1000's 10's 1000°s aim’s
Dovitcher ]
Wescern Sendpiper s w S0 - 1270 400 11280 %0 200 1220 360 [5760
Pectoral Sandpiper LS RE 10's - 10's 10'. 100'a 100%e 10'p 10's 16°s 100's £1000's
Sherp-tailed 29 RE 10'e 100°s 100's 10's 100'a £1000"s
Sandpiper
Dunl a6 LS »w 120 - is0 200 25'30 850 3390 1790 4730 13?70
PASSERINES
Yellow Wageafl 1S RE 600 - 10's 10°. 10'* 10"s 10'e 10°0 160's 10°. 10'e £1000"s

'Dou sources: LS = Land Surwvey, WAS . Werland AeriglSurvey

Zutmt fon tochoiquas: TC - totalcowmt, W » projected value using densit les, RE = rough est imite.
3lnclndn Pleshasu and Eldorado River moyths.

& . few(l-4), o . uany(5-9); total may fnvolve duplication dueto large f 10ck8miving beturenvetlandn,
though counts sre probedly .11 low.

5SI inks dsnote no sightinga.

Gbunltn populst fon vas greater during breeding aeason; post-breed ing populat lons are greater for
soxz wetlendo.



lations are probably quite low as we do not know the residency period of
the large flocks seen, though we suspect that it was short and that far
more Canada Geese used the wetlands then were counted.

Brant were present in coastal Norton Soundin greatest numbers in
spring, when thousands nigrated near Koyuk and Golovin (near the Fish
River Delta, Table 36 ). They congregate along protected shores as well as
on wet tundra at that time (Table 35), and feed on vegetation shoots. The
first of these migrants (mid to late May) are adults, while later migrants
(early to mid June) are mainly immatures; all are bound for the aretic. In
August when Brant return south most migrate through the Bering Strait and
bypass other coestal areas of Norton Sound.

Only a few Emperor Geese nest in Norton Sound, and these are at
Stebbins (Table 36). Populations of this Beringian endemic were probably
considerably greater along Norton Sound's shores but have been reduced by
hunter harvest (C. Lensink, pers. comm.), Minor coastal concentrations were
seen in both spring and late summer, and may have been part of a small
population nesting along the Seward Peninsula's north shore. Large molting
flocks concentrate along the southern shores of St. Lawrence Island (Fay
and Cade 1959),

Snow Geese are migrants in Norton sound, with at least 5,000 passing
Koyuk in spring (Shields and Peyton 19'79); we noted lesser concentrations
elsewhere (see Table 10). These are bound for colony sites on Wrangel
Island in the Soviet Chuckehi Sea. Fall migrents pass mostly offshore,
stopping to feed on upland moist tundra of St. Lawrence Island; a few
hundred stop briefly along Norton Sound's northwestern outer coast.

(e} Debbling Ducks. These are wetland breeders (Teble 35), Pintails
were the most abundant of these and were common as Spring migrants and
nesters, With pesak abundance after nesting when pre-migratory flocks
gathered along protected shores and on wetlands (Tables 36 and 37). Many
of those seen in Norton Sound in 1880 and 1981 were probably refugees
from drought conditions in the mid-continental prairies (USFWS and CWS
1981), and populations were thus higher than in normal years. Late summer
concentrations were greatest in the northeastern region (13,500, Table 37).
Mallards showed the same patterns in hebitat use, Seasonal abundence, and
geographic distribution es Pintails, though their populations were less than
one-tenth those of P intails. Teal followed similar patterns though post-
breeding concentrations were not much greater than in spring and are
attributable to production of young. Littoral feeding by teal was minimal.
Shovelers were mest common on Wwetlands while nesting, with lower post-
breeding populations end little use of littoral zones. Americen Wigeon were
uncommon nesters and reached peak sbundance following the nesting season,
with highest numbers at the Imuruk Basin (1,300), Moses Point (3,100), and
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Stebbins (1,880, Teble 37). These were immigrants from inland and northern
nesting sites.

Dabblers feeding in wetlands eat shoots and seeds all season, end
eoncentrate on fly larvee when nesting. Lerval flies are especially impor-
tant for ducklings, and these are obtained on wet tundre ponds.

{d) Diving Ducks. Species in this group use a greater variety of
habitats then all other waterfowl in Norton Sound, end many exploit exposed
coasts, notably rocky shores, to feed during and after the nesting season
(Table 35). There were nearly three times as many species of divers (n =
17) as debblers (n = 6), yet divers were only one-third as numerous &s
dabblers (see Table 13).

Greater Scaup were common divers and were the most common nesting
ducks (only slightly more so then Pintails; see Tables 12 and 13). They
bred on wetlands and gathered in late summer flocks in protected waters
with the largest pre-migratory flocks on Golovin Lagoon at the Fish River
Delta (1,500) and on wetlands at Stebbins (1,300, Table 37). Oldsguaw also
nested on wetlands. They gathered to molt in lagoonal waters, particularly
at Brevig Lagoon, end were otherwise present along exposed and protected
shores, mostly in spring. They were nearly as common as sceup but were
less common as nesters. Conmon Eiders nested in wetlands and probably
nested on raised tundra along sections of exposed coasts. They moved to
exposed littoral ereas after the chicks hatched, and became most ebundant
in fall when they gathered offshore, principaelly neer rocky shores. Common
Eiders were most sbundant near Cape Nome and Safety Lagoon {coastal
sections 6 and 7) end along the low basalt bluffs from Tolstol Peint to
Cape Stephens (section 13, Table 38). Black Scoters were the most common
diver and their nesting was restricted to inland ereas along rivers and on
uplands. They were most common in spring along exposed shores with eliffs
and rock outerops in the northeastern region (Table 36), and were uncommon
in late summer and fall in cosstal Norton Sound, Red-breasted Mergansers
were most concentrated near river mouths and presumebly nested in nearby
moist and wet tundra habitats. They were evenly distributed throughout
coastal Norton Sound in low numbers (Table 36) and were most common in
June. The remaining 12 species of diving ducks were relatively uncommon in
coastal Norton Sound, with the exception of King Eiders. These arctic
nesters pass offshore in western Norton Sound in late April end early May
and move north through the Bering Stralt. Their totel population of 1.1
million (Barry 1968) returns south through the strait in mid to late summer
and faell, egain passing far offshore,

{e) Relative Importance of Hortomn Sound Waterfowl, Waterfowl
populations in Norton Sound are dwarfed by those using the nearby Y-K
Delta wetlands end littoral (King end Dau 1981). Relative to eastern

604



C

Tabla S8. Populatfoas of Selected bird SPacies which were cost abundmmt in habitsts other than wetland.,
by coastal gection, Horton Sound 1980 awd I981.

Hotthweat Region Bort heast Reglon Bouth Region
Date ket joat lml Uoles to Port Grontley Imuruk C . Douglas howe to L. Mome to Golovin Golovin C. Darby Kayuk to C Denbe 15 Tolatol fu. c Stephene “!‘IA.I.J
Source Technique Brevig Clarence Harbor Basin to kome L. Nowe Rocky point Bay Lagoon t. Kayuk C. Denbeigh to Tole tol . to « Stephens to Apoon Mouth
Specian 1 z 3 4 5 6 1 s 9 10 1 12 13 14
M?m‘
Div ing Ducks 6
Lomaga Lider SA8 < 20 w 10 - w 260 480 10 20 20 13 10 220 10 1253
Black Scoter SAS T 50 75 130 320 260 o 10 10 100 90 113
Red-broasted ‘Morgonser SAS T 10 20 10 30 20 90 20 30 30 1] 10 290
smlumns’
faecican Golden Ls [} 100 100's 100's 10's i0's 10's 10°s 10's 10'e 10”. 10°. al00's
Plover
Bar-tailed Coduit LS KE 10°e 10'e 10'o 10'a 10’0 10 - 10°e 10”9 10°. 1079 10°. f100°'e
Whisbral LS RE 10’0 10°. 10's 100" s 10's 100°e - 10°e 100° 0 100'e 10'n 10's =00’
Westers Sendpiper L8 RE 10's 100's Ire's 100'e 100's 100°'a 1000's 10's 100's 100's 100's 100" e 100's 11000's
JALCERS '
Long~tsilea Jaeger LS RE 10°¢ 10°. io's 100'e 10, s 10”s 10's - 107, 10°e 10’s 10's 10'e «i00's
cues® )
Clawcous Gull SAS 1< 160 150 w 130 1640 980 5920 4770 600 3000 2000 460 20 170 20,280
lbnu Sources: LS =land surveys, SAS ~ shoreline serlel murveys.
2Eulnl(loc\ techaique: TC = totsl count, RE = rough estimate.
Y. few(l-4), » = meny(5-9); Totale may Involwe duplication due to birds aoving between cosstal cections.
‘unurlovl and gull populations are primscrily postbreeding counts.
sShonml‘tl and jaegers populstiocns are breeding estimstes.
8lanks denote no aightings.
?

High counts for regions 6 to 10 frow October 27, 1980, others in late September.



Bering Sea total populations, diving duck populations are particularly small
in Norton Sound, &s are Pintails (see Tuble 40 below), the most ebundant
duck in our study area. American Wigeon gathering on wetlands of the
Sound meke up the largest percentage (40%) for any eastern Bering Sea
waterfowl species, and Green-wing ed Teal and Northern Shoveler populat ions
of the Sound are also significant (10% to 20% of the total). Whistling
Swans using the Sound are also a fairly significant part of the total (11%)
as are Canada Geese (Taverner's race, 13%). Excepting tesal and shovelers,
these significant populations come to Norton Sound as migrents and only a
few remain to nest.

3. Cranes

8andhill Crenes are primarily migrants in coastal Norton Sound with
small populations nesting on wetlands (Table 36). Most gather on wet-hinds
to feed after nesting and we have noted peak populations of 6,700 at
Imuruk Besin end 8,000 at Stebbins (Table 37). The majority of these are
returning from Siberian nesting grounds, or from the Y-K Delta. The
migratory route across the southern Seward Peninsula is also used early and
mid May, through spring migrants pass t hr ough more quickly and use coast al
habitats less than in the fell (late August to mid September), We have also
noted extensive use of moist tundra uplands edjacent to wetlands, partic-
ulerly in fall, when cranes feed on berries there.

4. Shorebirds

The 31 speies of shorebirds recorded by us show a great diversity in
habi tat use patterns (Table 34); this discussion will treat the 13 most
common species along the coast.

Shorebirds first arrive in early to mid May when ic e covers most
lagoons and exposed shores, preventing littoral feeding. They oecupy
tundra sites that aere rapidly losing their snow and ice cover. Most feed on
tundra until done with nesting, when many shift to littoral areas to feed.
The peak littoral use in Figure 76 in May is primarily due to Semipalmated
Sandpipers exploiting this newly opened habitet late in the month. Migrant
shorebirds stop to feed in coastal wetlands on their way north, and many of
these return after nesting to feed in coastal wetlands and in littoral area;
these are usually followed by a later immigration of juveniles, T he highest
populations occur in spring with lower numbers during the post-breeding
period from July through September (Figure 76). This is due to early
exodus of Semipalmated Sandpipers, Norton Sound’s most common shorebird,
soon after nesting. Highest populations of most other species occur after
nesting, and this is due either to immigration from the north or to the
production of young. The northeastern and southern regions support the
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Table 39.
post - breedi ng perioda in coastal

Regi onal

popul ations of birds during the breeding and
Norton soundin 1980 and 1981.

Post-

breedi ng popul ations are given for groups which were considerable nore
numerous during that period than during breeding.

Group
Loons
Waterfowl
swans
Ceese
Ducks
Cranes
Shorebirds
Jaegers
Gulls

Terns

Passerines

Northwest Nor t heast South
Breeding  Post- Breeding  Post- Breeding  Post-
Period Breeding Peri od Breedi ng Peri od Breedi ng
My /June  July/Oct.  May/June  July/Cot. Kay/June  July/Cet.
240 -- 625 -- 230 --
It10s 90 f 100's 2250 f 10°s 1010
25 100's 1040 2£ 1000’ s 5470 2§ 100’ s 200
f 1000's 5500 3,1000' s 24000 f 1000's 7000
flos 7420 flos 5080 flo's 8000
16000 -- 65000 71000 --
f 100's -- f 100's -- f los --
400 3600 2800 18000 500 500
600 -- 1400 500 --
f 1000's -- m 1000's - - f 1000's --

1

Abundance key:

2

Mostly migrants

f= few (1-4) , memany (5-9)

3

Shorebirds were mpat common in May and June Wi th equal or lower
nunbers during the post-breeding period due to the early exodus
after nesting of Semipalmated sandpi pers, the npbst conmon species.
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largest shorebird populations (Table 39) in all months, though few feed in
the littoral of the southern region after nesting, due to lack of suitable
hebitat. In the northeast, shorebirds gather from late June through August
on littoral arees of lagoons and especially on mud flats south of Koyuk,
Shorebird use of littoral habitats after nesting has been summarized for the
eastern Bering Sea, including Norton Sound, by Gill and Handel (1981).

Four species dominated wetland and littorel shorebird populations:
Semipalmated and Western Sandpipers, Dunlin, and Northern Phalaropes.
Foods of these were primarily midge fly larvee and these were found in 40
percent of birds collected at both wetland ponds and littoral areas. Al SO
commonly taken as food were beetle larvae and cyclorrapha larvae
(maggots), though these were more commonly taken on wetlands than in the
littoral zone.

{a) American Golden Plover. Golden Plovers were farly common as
a nesting species on raised moist tundra in upland areas, Soon after
nesting many move to wet tundra areas and lagoon shorelines to feed,
though some remain to feed on moist tundrae. Local nesters apparently
leave in August, and are replacedby wet .i c-nesting plovers that flock on
wetlands and littoral. areass. They were most numerous in the northeastern
coastal sections, particularly in Imiruk Basin and from Cape Douglas to
Nome (Table 38); both areas offer the drier upland tundra most often chosen
by these birds as nesting habitat,

{b) Bar-tailed Godwit. These are faily common on mMoist tundra
uplands where they nest. After nesting they abandon the moist tundra and
flock in wetlands in littoral zrees, particularly at Moses Point, Koyuk
(principally on mudflats) and at Stebbins (along canal banks). Peak popu-
lations occur in August except at Koyuk where larg e cOncentrations
gathered on the mudflats, and we suspect that these were failed or
non-breeders. Few Bar-tailed Godwits remai ned into September.

{c} Whimbrels These curlews were fairly common when nesting in
upland moist tundra. Wetland concentrations during June were not common;
a small population of at least 45 were apparently nesting at Moses Point,
in amixed habitat of moist and wet tundra, and in late June floeks of
apparently failed breeders as well as a few local nesting Whimbrels were
observed along wetland shores of Imuruk Basin. Post-breeding habitat use
w as fairly evenly distributed between moist and wet tundra areas.
Populations peaked in August and many Whimbrels seen on moist tundra at
that time were feeding on berries. We observed few Whimbrels in
September, though H, Springer (in Gill and Handel 1981) reports roosting
floeks of 200 or more on mudflats of Safety Lagoon,
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(d) Black Turnstone. These nest on wet tundra, though they were
common only at Stebbins (1,000 plus) and at Imuruk Basin (100} in June
(Teble 36] . After nesting they move to littoral areas to feed; adults nDve
first soon after the chieks hatch, andjuveniles follow after fledgi ng (Gill
and Handel 1981). Most Black Turnstones depart Norton Sound by
September,

(e} Northern Phalarope. Thesewere sbundant nest ers restricted
al nost  entirely to wet tundra areas, particularly in the wetter meadows with
many ponds. In years withlate Springs they often congregate along open
ice leads (H, Springer in Gill and Handel 1981) though in the early springs
of 1980 and 1981 they proceeded directly to tundra nesting sites. Highest
nesting population were projected for wetlands at Stebbins (25,520) with
lesser populations at the smaller wetlands in the northeastern region at
Imuruk Basin (Table 36). At least 51,950 nest in wetlands of coastal Norton
Sound. Post-breeding populations are somewhat greater for Stebbins,
though not at other wetlands visited after June, and this apparently repre-
sents pre-migratory flocking at Stebbins that was not witnessed elsewhere,
Northern Phalaropes did not often feed in littoral areas and once they
departed Norton Sound they may move to nearshore and littoral areas of the
Y-K Delta, where Gill and Handel (1981) have observed many adults in mid-
July and a peak of juveniles in mid-August through mid-September.

{(f) Red Phalarope. Ihese were mostly migrants in Norton Sound,
appearing inlarge rafts nearshore on the northeastern coast as well as at
Safety Lag oon in early June. A few reman to nest at Brevig Lagoon and
at wales. They are Scarce inlate summer andfell in coastal Norton
Sound, though a great many must pass south through the Bering Strait
after nesting in the arctic.

(g) Common Snipe, These nested at ell wetlands as well as in
marshy areas of moist tundra.  Small groups of juvenilesfed in wet | ands in
mid-July through August and no littoral habitats were used.

(h) Lomg-billed Dowitchers. Dowitchers nested in wetlands,
primarily in the northwestern region(Table 36). They were more croon as
migrants in spring and especially after nesting with high populations in
August and September at Koyuk and Stebbins. Adults first came south in
late July and were mostly gone when juveniles arrived in mid-August.
Juveniles peaked on approximately 7 September and their migration was of
greater magnitude than that of adults. Most migrant dowitchers fed on
borders of wet tundra ponds, though littoral feeding was noted on mudflats
at Koyuk and on canal margins at Stebbins.

(i) Semipaimated Sendpipers. These were the most abundant nesting
shorebird in wetlands, with a projected nesting population of over 80,000 in
coastal Norton Sound (Table 36). Over half of these were at Stebbins in
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the southern Sound, and most of ' t he remaining population was in wetlands
in the northeast, excepting somewhat over 4,000 in Imuruk Besin wet| ands.

Some Semipalmated Sandpipers nest ed on raised moist tundra near wetlands,
though the vest majority were restricted to wet tundra nesting. Littoral
zone feeding occurred in late May along prot ected {lag oonal) shores at

Port Clerence, Woolley lagoon, and Safety Lagoon when these areas became
free of ice. MbSt adults departed soon after nesting and did not feed in
littoral areas then. Juveniles di d congreg ate along lagoon shores on
mudflats at Koyuk and along canal banks at Stebbins. These departed in
mid-July, leaving very few by August, We suspect that few imigrations
from aretic areas occurred and suggest that once Semipelmated Sandpi pers
depart their nesting grounds they fly far south of coastal western Alaska.

(j) Western Sandpiper. These arethe most common nesting shorebird
of moist tundra in coastel Norton Sound, and are especially common where
moist tundra intermixes with wet tundre, es at Port Clarence and Safety
Lagoon. Western Sandpipers nesting near wetlands often traveled to these
lower marshy areas to feed during their nesting period. After nesting,
broods were often led to these wetlands to exploit rich feeding oppor-
tunities along pond margins. Adult females ere the first to move to littoral
areas after breeding (Gill and Handel 1981) and ere soon followed by adult
males and juveniles. Lerge concentrations oceurred principally along the
protected shores of Safety Lagoon (11,280, Teble 37). Western Sandpipers
gathering there are probably from more northerly nesting areas as well as
from local sites. M oSt adults had left by late July and few juveniles
remained inlate August.

(k) Pectoral Sendpiper. These arctic nesters are the nost common
of the migrant shorebirds that do not commonly nest in Norton Sound. In
both spring and late summer, 90 percent of the Pectoral Sandpi pers seen
were on wettundra and 10 percent were in littoral areas. A few nesting
Pectoral Sandpipers were found in the northwestern region at Brevig
Lag oon and at Wales on wet tundra. Migrants in spring reached peak
abundance in late May, and these were mostly females. The southward
migration peaked from 25 August to 9 September and these were apparently
‘juveniles. An inland migration route for adults is possible (Gill and Handel
1981). Late summer migrants were more numerous than spring migrants.

{1) Sharp-tailed Sandpipers. Only juveniles of this species Visit
coastal Norton Sound, and these occur from early August through mid-
September., Adul ts leave their northern Siberian nesting sites and do not
m grat e through Aleska. All juvenile Sharp-tailed Sandpipers were seen in
wet tundra, especially the wettest meadows, and they were most croon at
Safety lagoon, the Fish River Delta, and at Stebbins (Table 37). They were
often near flocks of Pec toral Sandpipers thoug h interspecific floeking was
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not apparent.

{(m) Dunlin. This species is restricted in nesting to the low wet
tundre of the coast. Itwas especially eommon at Stebbins (16,220) and was
considerably less numerous at the other wetland sites (Table 36), In both
study years Dunlin made little use of littoral habitats until mid-August. At
this time many of the locally nesting adults had left and an influx of
apparently arctic Dunlin occurred, and these made more use of littoral
habitats. Dunlin were the only common shorebird to remain into September,
and many were still feeding on wet tundra, It is sometimes common for
adult Dunlin to remain near their nesting grounds to molt (Holmes 1966 b).
This was not the case in either of your study years, when locally nesting
adults apparently departed prior to completing their molt.

9. daegers

Parasitic and Long--tailed Jaegers were faily croon nesters in moist
tundra areas, particularly near wetlands (Table 35). They prey on birds,
rodents, and insects, and often steal prey from other birds. Peak &bun-
dances occurred in June, with steadily declining numbers thereafter, After
completing nesting jaegers were sometimes common over wetlands or
patrolling shorelines up until the end of August when most had departed.
They winter at sea and presumably head offshore after |eaving coastal
Norton Sound.

6. Gulls

Three patterns of habitat use are shown by gullsin Norton Sound (see
Table 34). The principal pattern is of peak populations along shorelines
after July, and this is shown by Glaucous Gulls, which comprised the vast
majority of all gulls in Norton Sound (99% on shorelines, 7'6% on wetlands;
see Table 24). Glaucous Gulls are one of the very first birds to arrive in
Norton Sound each spring; we found them at the shorefast ice edge at river
mouths, near eliff colon.ies~ at townsites, and on mostly frozen wetlands in
early May. They nest on eliffs and wetlands, usually in small colonies of
several dozen. After nesting many move to exposed shorelines and also up
rivers to follow spawning salmon, especialy in late summer. Many immatures
and some non-breeding adults congregate along shorelines from early
summer through fall. These populations are augmented in late September
and October when northerly birds descend to Norton Sound and nunbers
build to over 20,000, with highest concentrations in the northeastern region
(Table 38). A high proportion of one and two year old immatures (30%) in
Norton Sound inlate summer 1980 suggests that the Glaucous Gull popu-
lations are expanding, and this is likely as aresult of fisheries and other
developments by man.
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Glaucous-winged Gulls come to ¢ oastal Norton Sound in July an d
August end flock with Glaucous Gulls on shorelines and along salmon-
spawning rivers. T hey come from southern coastal Alaska, where Glaucous-
winged Gulls nest, and mest are immatures one and two years old.

Mew Gulls nest in wetlands end meke limited use of shoreline habitats
upon arrival inearly May and after nesting. Small gatherings of adults
and juvenil es were mixed with Glaucous Gulls at river mouths and on river
deltas, t hough Mew Gulls had almost all vacated eoastal Norton Sound by 1
September.,

Bl ack-1 egged Kittiwakes ar e sbundant nesters at cliff colonies and
frequent exposed shorelines, particularly at Safety Lagoon near the Bluff
colonies. This pattern is not included in Table 34.

Sabine's Gulls nest on wet tundra in smell numbers on some of Norton
Sound’'s wetlands (Table 36) and fed along shorelines for a few weeks after
nesting. None were seem after mid-August in coastal Norton Sound and
they apparently moved offshore to feed and migrate south.

7. Terns

Arctic and Aleutian Terns both nestin coastal Norton Sound; Arctics
are widespread and common, Whereas Aleutian Terns are only common locally
in small colonies. Arctic Terns first arrive in mid-May and nest on wetlands
as well as on both the exposed and protected shores of spits. They are
most abundant while nesting (Figure 76) and feed in littoral aress, espe-
cielly exposed shores, and on wet tundra ponds. Largest populations were
at Safety lagoon (600), where many fed atthe main lagoon entrance, and
at Stebbins (500, Teble 36) where many terns fed along tidal canals.
Nearly all Arctic Terns depart Norton Sound by 1 September.

Aleutian Terns arrive in late May to eerly June and are al so at peak
abundance in coastal Norton Sound while nesting, though they are consid-
erably less numerous than Aretic Terns. They nest insmall colonies on
spits, on small islands in lagoons, and sometimes on MOIist tundr a near
lagoons or wetlands. Norton Sound’'s largest colony is at Safety Lagoon
(has veried from 80 to 4$0 adults, H. Spring pers. comm.) and smaller
colonies (6 to 40 adults) occur at Brevig Lagoon (two sites), Moses Point,
Unalakleet, Golovin, and possi bly Port Clarence and the Stebbins area.
They occessionally feed on tundra ponds though they usually feed well
of fshore. Adults and young depart soon after the young fledge inearlyto
mid August and few remain by 1 September.
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8. Paeasserines

This group is comprised of ravens and nunerous smal| songbirds and
these show a variety of habitat use patterns (Table 34). Meny nest in
shrubby or forested uplands and are most numerous during the nesting
season. The species most common wetlands and shorelines are ravens, Yellow
Wagtails, Savennah Sparrows, and Lapland Longspurs. The latter two reach
two peaks in popul ation (Figure 76), one in June when the young fledge and
the other in August when the young gather on shorelines and coastal
wetlands. Yellow Wagtails are not ebundant along the coast as & nesting
species, whereas in August the young produced inland, as well as cosstelly,
gather along shorelines.

C. Norton Sound Waterfowl Populations

Norton Sound hosts minor populations of nesting waterfow! relative to
nearby areas, notably the Y-K Delta (King and Lensink 1871; King and Dau
1981), This is due in part to the restriction of wetland habitats to low
pockets in the raised coastal relief that dominates the Sound. Gatherings
of waterfowl in late summer and fall are greater than inspring, and for
some species, these post-breeding populations are of significant regional
importance. Table 40 lists population estimates for both Norton Sound and
the entire eastern Bering. Both sets of figures are error-prone and the
following comparisons between them are valid at the level of orders of
mag nitude, and not pert entag e points.

Swans using Norton Sound coastal habitats comprise about 10 percent
of the eastern Bering Sea populations. Many of these (3,350) eame from
nesting areas outside the Sound. Canada Geese visit ing Norton Sound
number at least 6,700 (13% of eastern Bering Sea total for Tavernertsrace),
and there are actually probably many more, since we do not know how
quickly flocks leave and are replaced (turncver rates) and this apparently
takes place in Norton Sound. Less than 10 percent of the total Pacific
race of Brant visit Norton Sound, and these are arctic-bound migrants in
spring. Other goose species are of minor importance in Norton Sound.

Relative to regional populations, the Norton Sound Pinteil populations
were minor, end this is surprising since they were the most abundant
species of waterfowl. Mallards, teal, and shovelers are of modest impor-
tance in the region; our shoveler totals are from June. Our counts Of
American Wigeon comprise ebout 40 percent of the regiona totel, indi-
cating that coastal Norton Sound is especially important for pre-migratory
flocks of this species.
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Table 40. A conparison of Norton Sound waterfowl populations
to those of the entire eastern Bering Sea. All numbers are. estimates
of Fall popul ations.

Number! using Numberusing Percent of Bering
Speci es Eastern Bering Norton Sound Sea Population in
Sea Habitats Habi t ats Norton Sound

Wi stling Swan 30, 000 3,350 11
Canada Goose 50,000 6,700 13
Brant 150,000 m 1000's" <10
Enperor Goose 150,000 100" s <01
Snow Goose 150,000 m 100’ s <01
White-fronted

Goose 67,000 flo's <1
Mallard 20,000 1,700 09
Pintail 1,222,000 17, 400 01

G een-wi nged

Teal 20, 000 f 1000's 10-20
Northern Shoveler 20,000 f 1000's 10-20
American Wigeon 20, 000 7,500 40
Geater Sca p 338, 000 3,600 <01
Dldsquaw 3, 600, 000 f 1000's <01
Common  Ei der 750, 000 f 100's <01

Bl ack Stoker 489, 000 f 100's <01

Red- br east ed

Mer ganser 20, 000 f 100's <01

!
Data are from King and Dau (1981).
2

Data are from Tables 36 and 37, this report, though many
are unadj usted and thus low relative te actual values (see
text) ,

3
f =few (1-4), m= mny (5-9)
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Diving ducks as a whole were Of minor importance in Norton Sound
relative to regional populations.

D. Major Wetlands

Cur visits to the major wetlands in Norton Sound allowed us to rank

their importance to birds as measured by shorebird and waterfowl popu-
lation.

1, Aress with Heavy Bird Use

(a) Stebbins. Thesewetlands (sout hwest of the village) are Norton
Soundfs largest expanse (170 km2) of prime shorebird and waterfowl nesting
habitat. Thisareaisheavily used by ducks in early spring and by ducks,
swans, and cranes in August and September. It has the highest popul ation
of shorebirds at all wetlands in the Sound. The land is barely above sea
| evel al ong an exposed northwest-facing shoreline, and is regularly flooded,
though rarely in spring, Stebbins iS the closest wetland to the proposed
lease tracts.

(b) Eoyuk. These wetlands, south of town, are prime shorebird
nesting habitat, with extensive coastal mud flats attracting thousands of
feeding shorebirds. This site is an important stopover for swans, geese,
ducks, and crane in later summer and is a Brant flyway in spring. The
shorelines are exposed, but far removed from the proposed lease tracts.

{c) Moses Point. This is an important shorebird feeding area, heavily
used by waterfowl in late summer, particularly at Kwiniuk Inlet and inside
the mouth of the Kwik River. The wetlands are partially protected by the
Moses Point spit.

(d) Fish River Delta. On GolovinLag eon, this deita provides good
shorebird and duck nesting habitat, with a heavy migration of Canada Geese
from mid-August to late September. Brant pass through each spring. The
lagoon receives seawar d protection from Golovin Spit and supports beds of
Eelgrass.,

{e) Imurmk Basin. This wetland has shrubby delta habitat on the
north, providing good nesting for shorebirds and dueks. Canada Geese and
cranes pass through inlarge numbers in late summer, and ducks congregate
during both the spring and fell migrations. This is the most protected site
and the farthest removed from the proposed lease tracts.

{(f) Safety Lagoom. This includes the Flambeau and Eldorado River
wetlands and Taylor Lagoon, and offers good by limited shorebird nesting
habitat. Mud flats inside oOf the main entrance to the lagoon were often
used by feeding shorebirds. Terns concentrate at the entrance. This site
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is visited by many ducks, geese, and cranes, especially in August and
September.  Beds of Eelgrass thrive in the brackish waters. Most of the
wetlands are protected from the open sea by barrier spits.

2, Areas with Moderate to Little Bird Use

{a) Shaktoolike These wetlands have fewer ponds than those listed
above, and we found low densities of nesting shorebirds and moderate popu-
lations of migrating wat erfowl. Much of this area is protected by spits.

{b) Port Clarence, These wetlands lie at the base of the Point
Spencer spit. The total area is small (13 km?), but rich with nany ponds
and high densities of nesting shorebirds, M grant waterfowl make m ni mal
use of this site. There is little protection fromthe open sea, and the
tundra is occasionally salt-washed.

(e) Stuart Island. These wetlands are confined to the shores along
the central canal. Shorebird nesting densities are unknown; wat erf owl
migrate in moderate densities inlate summer. The wetlands are protected
by the narrow canal entrances (the northern entrance was closed in 1981),
though this site IS quite near the proposed lease tracts.

{d) Woolley Lagoon. This ereahas fair shorebird nesting habitat
along its shores, with minor concentrations of migrating waterfowl. Barrier
spits provide some prot ection from the open sea.

{e) Brevig Lagoon. These wetland habitats are dry and rocky, and
hence fair to poor for shorebirds. Small flocks of Oldsquaw molt in the
lagoon, but waterfowl use is otherwise low. Barrier beaches protect the
mainland shore,

(f) Unslakleet. These wetlands are within the Unalekleet River
Delta, Minor shorebird and wat erf owl populations oececur here.

(g) Wales. These wetlands are the margin of our study area. They
extend far northeast from the Cape along the barrier tundrae strip. These
support dense concentrations of nesting shorebirds and moderate numbers of
nesting waterfowl.

E. Oil Development Impacts

1. General Remarks

Qur general remarks on i npacts will be di vided into expected {or
planned) impacts that. will occur as a result of the normal activities asso-
ciated with oil exploration and exploitation, and unexpected (or unplanned)
impacts associated with aceidents or mishaps due to human error, mechanical
failure, or natural cat sstrophes. It IS important to note that while
upexpected impacts receive most of the attention, expected impacts can
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have overal | detrimental effects that are much greater and of longer
duration. These general remarks are fol | owed by a discussion of potential
I mpacts for each of the eight bird groups.

(a) Expected Impacts. These include the construction and operati on
of onshore facilities such as pi pelines, construction camps, road systems,
and an increase in the amount of human activity. Such impacts usually
result in a general degradation of the area surrounding themin terms of
suitability for birds. Human disturbance affects most large birds, which are
less tolerant of harrassment end will abandon nests and areas where human
activity is high. These species include loons, swans, geese, ducks, cranes,
jeeg ers, and terns. Shorebirds, gulls,and passerine are less affected.
Thebuil ding of roads and pipelines usually entails the building of gravel
pads. Such structures frequently change drai nage patterns, resulting in
smal | but obvious changes in wet tundra areas. A complex road network in
an area of wet tundra would almost certainly cause hebitat degradati on due
to these changes. Such changes are multiplied if the onshore facilities
t ake water from streams or lakes.

An expected human impact that will cause di sturbance in many coastal
areas and not just in close proxi mty to camps and pipelinesisthe move-
ment of eaircreftalong the coast. Because aireraft frequently follow the
shoreline much of the air traffic associated with oil devel opment will be
over the coastal habitats described in this report. Population changes due
to chronic low level disturbance by aircraftis hard to measure and the
effects of such disturbance would probably go unnoticed except in areas
directly adjacent to airstrips.

Scavengers such as gulls, foxes, and ravens could be expected tO
increase as human settlements become more commonin the Sound. These
scaveng ers alSO consume eggs and chicks of birds, and any increase in
scavengers would probably result in local decreases in nesting success. It
IS doubtf ul, however, that sc aveng ing opportunist ies associated with oil
development would equal those aready present inthe Sound associated with
fishing activities. Glaucous Gulls appear t0 be already on the increase, as
described in this report, but it is likely that offal from fishing boats in the
Bering Sea in winter is the primary reason for the increase,

Subsistence hunting will be altered as aresult of oil development and
thus the birds that are teken as part of the subsistence hunt will be
impacted. Should oil development c&use the native peoples of Nerton Sound
to depend less on the subsistence hunt, those species that are taken in the
Sound could be expected to increase. If, however, the subsistence hunt
continues and even becomes larger in scale (due to increased funds to
expend on hunting and the building of more roads to provide access to
hunting areas) there could well be alarge increase in hunting pressure on
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certain populations and species. Should this oecur, the following points
“deserve consideration:

(1) Subsistence hunting isin transition, as many who elaim s ub -
sistence rights also hold paying jobs, while others are in truth
still trying to subsist.  With increasing pressure on wildlif e
resources these two subgroups will be in sharper conflict.

(2) Additions to the population ef hunters will exac erbate the
effects of new technologies already in use (e.g - snowmobil €5,
eircraft, rifles, outboards, ete .). This will make subsistence
hunting more difficult for the natives.

(3) Increasing population (mostly of whites)’ may require refuges to
be set asid e where waterfowl may rest unhunted.  Similer
consid erations will lik ely encourage native corporations to closely
regulate sport and qu esi-subsistence hunting on corporat € lands.

(4) Exemption of native hunt-w’s from federal control is not reason-
able, because:

(a) Biologie &l forces will not tolerate unneeded harvests, and
(b) Migratory bird populations "belong™ to everyone.

(b) Unexpected Impacts. The mejor unexpected impact that occurs
as a result of oil development is an oil spill. Norton sound is sufficiently
different from other coastal areas Of Alaska that & SPill oecurring in the
nearshore waters or just offshore would have quite a different impaet on
bird populations that one in other areas. The paueity of birds in most of
the nearshore waters and littoral zone of Norton sound would mean that in
many areas the impacts of a spill on birds would be much less than in the
more productive coastal waters to the north and south. Large
concentrations of birds are present in exposed nearshore waters of Norton
Sound only near seabird breeding cliffs and when diving ducks are present
near headlands such as eider in the fall. While Norton Sound would not
have large numbers of diving birds becoming oiled in nearshore waters, as is
typic al of ofl spills elsehwere, the eff ects of a spill would be | ess direct
and result from coastal habitat degradati on due to oiling. The wetl|and
ar eas identified in this report @& being of great importance to Norton
Sound birds are all susceptible to be-mining oiled by spills present in
nearshore waters. For many of the areas in regular contact with marine
waters the oiling would t ak e place as a result of normal tidel and wind-
driven currents. Sueh arees include lagoens, river deltas, and channels in
low-lying wet tundra areas. These habitats have beeni dentified by Hayes
and Gundlach (1980) as t he most sensitive habitats in Norton Sound since, if
oiled, t he oil would adhere to the sedi ments and vegetation for sonme tine,
and cleanup of spills in sueh habitats is not possible. Even wetland areas
that are not in regular contact with marine waters are vulnerableto spills
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in nearshore waters. While the circumstances leading to oiling of these
habitats (a major spill followed by a storm surge) are less likely to occur,
the frequency of fall storm surges in Norton Sound makes the fouling of
these habitats a real possibility. The natural processes that would degrade
and disperse the oil in suech wet tundra areas could be expected to be much
slower than in lagoonal and river delta areas.

Norton Sound wetlands could also be impacted by oil 1eaked from
pipelines on the mainland, Suchspills would be especially dangerous since
they woul d follow natural freshwater drainage pat terns and foul ponds,
streams, and rivers.

While catastrophic oil spills present the worst case scenario, chronic
low-level pollution could be more of a problem in areas where drilling and
human activities are greatest.

The oiling of habitats described above would impact birds primarily
through decreasing prey populations and the access of birds to prey.

2. Potential | mpacts on the Common Bird Species

Discussed here are the impacts likely to occur for each of the eight
groups of birds eommon in Norton Sound, and this includes both planned and
unplanned impacts. Table 41 gives the relative susceptibility of these birds
to disturbances inneashore habitats. These habitats include exposed inland
waters, protected waters, shorelines, and wet tundra of wetlands.
Susceptibility is based on dependence on each habitat as well as the
vulnerability of the habitat. Dependence includes both duration of habitat
use and the magnitude of use. Vulnerability is mostly dependent on
exposure and likelihood of oiling, such that birds in exposed waters are
nost vulnerable, while those in protected waters and on shorelines are more
vulnerable than those on wet tundra of wetlands. This does not include e
consideration of the retention times of oil in habitats as in Hayes and
Gundlach (1980).

A summary of the kinds of impacts and their degrees of effect on the
common birds of Norton sound is given in Table 42.

(a) Looms. Loons are especially susceptible to oiling, since they
feed by diving, spend little time on land, and frequent coastal areas where
humans concentrate development. They areless gregarious than waterfowl
and many shorebirds and thus less prone to massive mortality in an oil spill.

{b) Swans. Possibly the greatest threat to swans is disturbance in
late summer and eerly fall. At this time, over a thousand swans gather in
coastal wetlands to feed before their trans-continental flight. They are
particularly vulnerable to oiling where they flock on salt water, though this
is limited to the sheltered waters of Golovin Lagoon, where oil on water is
unlikely. At Koyuk and Stebbins Swans gather on ponds.
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Table 42. Expected levels of oil development related impacts on
common birds in Norton Sound. Levels are predicted as
high (H), medium (M), low (L), or none (N), and popu-
lation changes are predicted as +,0, or -

L 0ss of Disrup- In- Oiling Oiling  EXxpect ed
Nesting tion Of creased by by Prey Populat ion

Species Habitat Nesting Hunting Contact Base Change
Loons M M L H L
Wt er f owl
swans L M L M L
Ceese L M H M L
Diving Ducks L M L H L -
Dabbl i ng Ducks M M H M L
Q-fines L M M N L
Jaegers M L L L} M
Qull's L M N L L +2
Terns M M L M L
Passer i nes L L L L L 03

IMost shorebirds are unlikela/tOcontactspiIIed oil directly, although phala-
ropes sit on water to feed and are moreproneto ailing.

zGlaucqus, Mew, and otherlarge gulls will probably show anincreasein
population whale smaller gulls may remain the same or dwindle. Large gulls
thrive on refuse proliferation and similar human activities.

SMost Passerine populations will probably not be affected, although Ravens
may increase due to the proliferation of refuse.
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A possible threat is disturbance in the early nesting period from mid
May to early June, when noise and human activity could thwart nesting
attempts. Swans do not renest because of their prolonged nesting” ecyele.
This problem is most critical on the Y-K Delte where swans are most
NUMerous.

{c) Geese., Canada Geese are most vulnerable to oil impacts in late
summer, When as many as 100,000 may pass through Norton Sound. Areas of
concentration are Golovin Lagoon and Moses Point, where geese roost on
salt water and feed on land, and Koyuk, where geese were Seen mostly on
land. On the Y-K Delta larg e nesting populations of several ‘species of
geese are susceptible to disturbance throughout the nesting season.
increased hunting pressure is likely.

Brant in Norton Sound have a low risk of impact, except in spring
when they rest and feed in shallow salt water. Snow Geese also have a low
risk since they pass through Norton Sound quickly. Emperor Geese are
prone to suffer from increased hunting, as they are strietly coastal and
therefore concentrated where human access is easiest.

{d) Ducks. Diving ducks are more susceptible to oiling than dabblers.
Many must dive for food, and they are snore common than dabblers on
exposed coasts. Cape Woolley, Cape Nome, and the rocky shores from
Tolstoi Point to Stebbins are favorite diving duek haunts. Molting flocks of
eiders and scoters are highly vulnerable to oiling, s they are unable to fly
from aspill area. Our sightings of these flocks are few; they are likely to
be common in shallow waters north of the Yukon Delta.

Dabblers are more likely to suffer from en increase in bunting
pressure, since they are favored table fare.  Spring hunting -is most
precarious for ducks, when the availability of open wetlands may be limited
by ice, and the next nearest opening without guns may be many miles away.
Spring came eerly in both 1980 and 1981, and openings were not limited; in
years of late ice we predict the most heavily used openings will be at
Stebbins, Shaktoolik, Koyuk, Golovin Lagoon (Kachavik River), the Safety and
Taylor Lagoon system, Woolley Lagoon, and the Imuruk Basin.

{e} Crames. The most ominous scenario for cranes iS increased
hunting during the spring and fall migrations. This is a real consideration
near Nome and Safet y Lag eon, where sport hunting for cranes interfaces
with subsistence shooting. Cranes have low yearly productivity as do many
large birds, and their populations may not be as resilient asother game
species. Cranes are NOt susceptible to oiling, since they feed only on land.

(f) Shorebirds. Sandpipers are most suceptible to oil disturbances
when they feed in littoral habitats. In Norton Sound these are most heavily
used in July a n d August, especially at Koyuk and Safety Lagoon. o
fouling of their invertebrate food base eould inhibit adequat e bui |l dup of fat
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for the southward migration. Northern Phalaropes spend little time in
littoral areas, except when they first arrive, particularly in years with a
late spring,

Shorebird dependence upon wetlands for nesting and on pond edges
for feeding makes shorebirds wulnerable to oif washed over wetlands. The
nmost eriticel Wet| ands are sout hwest of Stebbins, where an estinmated 86,000
shorebi rds nest; this area is quite near and exposed to the proposed | ease
tracts. Koyuk area wetlands host at |east 28,000 nesting shorebirds. QO her
important breeding sites are at Mses Point, the Fish River Delta,Inuruk
Basin, and Saf ety Lagoon; these are all considerably nore protected than
the Stebbins coastline.

Shorebirds would suffer fran habitat destruction, but they may be
more tolerant of minor human intrusions related to devel opnent.

(g) Jaeg ers.  Jaeg ers have a low vulnerability to oil-related
di sturbances because they nest on moist tundra and when they feed al ong
shorelines or of fshore they often take prey from other birds or scavenge.
Jaegers may benefit from an increese in Sea traffic and the profusion of
refuse dunped from vessels.

(h) Gulls, @ aucous as well as Mew Gulls may benefit from oil
devel opment via the resulting proliferation of refuse. G aucous Qulls ere
predators of duck eggs and chicks, and an iNCrease in gull populations may
inhibit wat erf oM production. Our estinates of age ratios show a strong
contingent Oof young gulls, suggesting that G aucous Gulls are on the rise.
They are most nunerous in northeastern Norton Sound.

(i) Terns. BothArcticand Aleutien Terns are vul nerable to nearshore
oil spills due to their dependence on snall saltwater fishes. Human disturb-
ance may affect Aleutian Terns nost.  They seem nmuch | ess tolerant of
human activities than Arctic ‘Terns and are more susceptible to nest failure.
The Safety Lagoon area is the most heavily used by both species,

() Passerines. small songbird populations are unlikely to be
affected by offshore petroleum devel opment.  Ravens, being s avengers, are
likely to increase in numbers, asthey alr eady have near Nome. This may
cause additional usurpation of hawk and falcon nests, aswell asi ncr eased
predation on bird eggs, chicks, and other foods.
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VIIl. NEEDS FOR FURTHER STUDY
A, Coastal Censusing

The date presented in this report provide an overview of the kinds,
amounts, anduses of coastal bird hebitats in Norton Sound.  Additional
work needs to be done in the following arees:

1. Fall Censusing

Only one October census was conducted during the present study, and
it showed large numbers of eiders in certain nearshore areas and larg e
numbers of Glaueous Gulls on the beach. Additional censusing f rom late
Septenber to freeze-up woul d help to delineate those areas that are impor-
tant in | ate fall. October coul d be especially important, Si nce use of the
nearshore waters may be hi gher then then during the rest of the year.

2. Censusing of Low-Density Areas

Because of time limitations this study directed much effort to those
areas in the Sound where birds are’” most abundant. While we censused
habitats and areas with low bird densities, we made little attempt to
compare these densities for areas within the Sound or to find out how
densities vary within these habitats. More detailed studies of low-density
habitats and areas would be especially important if oil development is to
oceur in them,

3. Small Scale Censusing

The large area to be censused during the present study precluded
high-resolution mapping or censusing. Should development be planned for a
certain section of coastline, a detailed censusing program of the area
being considered would provide information on which specif ic areas are
most important to birds and al | ow placement of read,buildings, and so on in
areas of low bird density.

B. Site-Specific Studies

Having a field camp in an area of high bird use would provide a
number of parameters not available from a larg e-scele censusing program.
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1. Turnover Rates of Migrants

The importance of an area to birds eannot fully be judged until an
idea of the total number of individuals using the area can be o0bt ai ned.
Daily counts of the wat ef OWM in an ares and Observations on novenments in
and out of the area would provi de such information. The areas where such
studies would best be done are presented in the species accounts.

2, Breeding Bird Activities

Site-intensive studies at breeding areas provide insights into habitat
use and feeding ecology that can only be gained by daily contact with the
birds. While we have made minor contributions to breeding biology and

feeding ecology of the major species of Norton Sound, more detailed work
IS needed for all Species.

3. Plot Censuses

Yearly censusing Of plots during the breeding season is a good way to
accurately monitor changes in breeding populations, A series of plots esta-
blished before development begins would provide data on future impacts,

C. General Studies

1. offshore Censusing

This study, other parts of RU 196, and work by Drury have shown that
the offshore waters of Norton Sound support few birds. In the spring and
fall, however, when birds are actively migrating, offshore areas may be
important for short periods of time but to large numbers of birds (primarily

seaducks). Wl l-schedul ed censuses Wwith airplanes suitable for long over-
water flights would be needed.

2. Monitoring of Subsistence Harvest
As was mentioned in the section on potential impacts of oil develop-
ment, subsistence harvests of waterfowl may increase as oil development

occurs in the Sound. Efforts by native groups and governmental agencies
to monitor the waterfowl harvest would allow the impaet of these harvests
on the total population to be evaluated.
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3. Trophies Studies

Most habitats of inportance to birds in Norton Sound are important
because of their food resources. T he trophics of all Norton Sound ‘bird
species are poorly known and less has been done on the bailability of their
foods.

D. Post-Development Studies

Post-development studies should ideally be a continuation of studies
begun before development. In addition, specific studies should be done,
including beached bird surveys, measuring the effects of disturbances on
birds, and so forth.
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Appendix 1.

Brev i g Lagoon

Iruruk Basin

Port Clarence

Wool 1 ey Lagoon

Nome

Safety Lagoon

Solamon

Fl ambeau and

Eldorado Rivers

Norton Sound land surveys, 1980. See Figure 2 for
locations.

km of

Dates Transects Observers
May 17-20 0 Wodby (migrant watch)
June 21-23 5.9 Hausl er, Woodby
July 25-28 2.9 Woodby
July 1-7 62.4 Bl ick,Drury
August 2-8 68.9  Drury, Warheit
June 26-July 1 525  Hausler, Warheit, \Woodby
May 29-June 3 49.2 Blackhem, Weisel
July 3-9 48.4 Blackham, Chance
August 2-9 50.8 Blick, Chance
May 29-30 8.5 Chance, Woodby
June 8 9.8 Blackham, Blieck, Chance
July 9 10.5 Drury, Woodby
August 2 10.8 Warheit
September 9 9.5 Blackham, Warheit, Weisel
Weekly fram 1247  All personnel
May 12-
September 25
Weekly fram 273.7  All personnel
May 14 -
September 27
June 15 3.0 Blackham, Blick
July 2 3.0 Hausler, Woodby
July 19 3.0 Blick, Drury
Augu St 20 3.0 Drury, Warheit
August 30 3.0 Chance, Warheit
September 21 3.0 Hausler, Woodby
June 15 9.3 Drury, Weisel
July 11 11.3  Weisel, Woodby
August 12 11.3  Bliek, Woodby _
September 4 11.3 Blackham, Blick, Warheit
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Appendix 1. Land land surveys, 1980 (Continued).

/ km of
Ar ca Dates Transects Ob servers
Fish River and June 7-11 42.5 Dowry, Hausl er , Woodby
Golovin ‘Lagoon July 11~16 67.1 Bl ick, Drury

August 13-18 45.5 Chance, Drury
Septarber 6-10 38,4 Hausl er , Woodby

Moses Poi nt June 24-30 359 Blick, Chance
July 23-28 45.8 Blick, Drury
August 22-26 33.3 Chance, Weisel
September 10-16 350'8 Blackham, Blick, Weisel

Koyuk June 14-17 37.3 Hausler, Woodby
July 16-19 32.0 Chance, \Woodby
August 26-29 19.3 Chance, Weisel
Shaktool ik June 9-13 52.7 Blackham, Blick, Chance
July 15-16 2044 Chance, Woodby
Unalakleet May 15-22 25.9 Chance, Weisel
July 3-9 319  Warheit, Weisel
August 6-11 35,4  Weisel, Woodby
Stebbins June 18-23 45,6 Blackham, Drury, Weisel
July 15-21 61.6 Blackham, Warheit, Weisel
August 26-29 “44 .9 Blackham, Warhei t, Woodby
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Appendix 2. Land surveys, 1981. See Figure 2 for locations.

s o o > A e T G A et S b 4t - s i i o s G S W e e s A e St . e e S e > S ot et e T e o S e S S

km of
Area Dates Transects Qbservers
Safety Lagoon May 23-25 12,6 J. Blackham
June 22-24 15.8 Allison, Hausler
Fish River and May 27-31 31.2 Hausler, Woodby
Golovin Lagoon June 6-10 28.8 S. Blackham, Hausl er
June 15-19 28.4 Hausler, Woodby
June 28-July 3  29.9 J. Blackham, Allison
July 10 3.0 S. Blackham, J. Blackham
August 3-5 24.8 S. Blackham, J. Blackham
August 18-21 10.6 J. Blackham, Scoville
September 8 4.5 S. Blackham, Scoville
Golovin Spit Almost daily 110.7 All personnel
May 8-
September 4
Koyuk May 25-29 22.1 S. Blackham, Allison
Shaktoolik June 23-25 24.2 S. Blackham, J. Blackham
Stebbins and June 8-15 29.5 J. Blackham, Allison
St. Michael July 22-29 32.9 Hausler, Woodby
August 28- 22.4 J. Blackham, S. Blackhanm,
September 2 Scoville
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Appendix 3.

pocgreg-md et

May 31

June 13

June 18

June 30

July 24

dJuly 25

August 15

August 16

Aerial surveys, 1980.
eoastal sections.,

- - =

Coastal Sections
1 2 3 4 5 6 7 8 9101112131415

X X X X X

X X X X

X X X X X

X X X X x X X
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See Figure 1 for locations of
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Woodby
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Blackham,
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Woodby
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Appendix 3. Aerial surveys, 1980 (Continued).

Coastal Sections
Date 123456789101112 131415 Observers

August 23 X X Blackham,
Warhei t,

Wodby

September 2 XX X X X Chance,
Warhei t,

Wodby

September 6 XX X X X X X X X Blackham,
Blick,

Weisel

September 10 X Hausler,
Wodby

Septenber 17 X X X Hausler,
Wodby

September 23 XX X X X X X X Blackham,
Hausler,
Weisler

October 27 X X X X Woodb Y
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Appendix 4.

Aerial surveys, 1981. See Figure 1 for locations of

coastal sections,

| | o ééa_zs ig.L S‘;éei i@nsl i
Date 1 2 3 4 5 6 7 8 910111213 1415 Observers
May 1 X X X X X Woodby
May 6 X X X X X X 8. Blackham,
o J. Blackham
May 18 X X S. Blackham,
Hausler
June 3 X X X X X S. Blackham,
Hausler
June 8 X X X X X J. Blackham,
Al lison
August 6 X X X S. Blackham,
Haus] er
August 28 X X X X x x x S. Blackham,
J. Blackham
September 5 X X X S. Blackham,
J. Blackham
September 10 X X X X X X 8. Blackham,
Jd. Blackham
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Appendix 5. Wetland aerial surveys, 1980. See Figure 3 for

locations.
e .-.:::::—.—.:::—_‘_::;:: e s ffg’: e S
o = 2 o 2
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xB0 2 % e ™ S X g - E
=] - (7. B ] ~ &
e W QO -E QS @ a .ﬁ -t % s © w
E S RS 288288 3=
Date EEBEEAL 2265 ansa observers
May 31 X X X X X Chance, Woodby
June 7 X Drury, Woodby
June 9 X X X X X Blackham,
Chance
June 11 X X Drur y, Woodby
June 13 X X X Bl ick, Chance
June 18 X X X X Bl ick, Chance
June 30 X X Drury, Weisel
July 19 X X X X Chence, Woodby
July 24 X X X X X X Warheit,
Weisel
July 25 X Blackham,
Chance
July 28 X X X Bl ick, Drury
August 15 XX XXX X X X Warheit,
Woodby
August 16 x X Blackham,
Weisel
August 23 X XX XXX X Bl ackham,
Woodby
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