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Overview

Fish and invertebrates were sampled with a bottom trawl, crab pots, and a beach seine in Iliuliuk
Bay, Alaska during winter (February 21-22, spring (May 16-17), summer (August 2-4), and fall
(October 12-13) of 2017. Sampling was conducted by Chris Hoffman, Mike Rouse, Matt
Ferguson, and Chris Floyd with the U.S. Army Corps of Engineers (USACE) Alaska District and
by Darcie Neff with Alaska BioMap. Sampling took place from both the 43° F/V Miss Alyssa
and a rigid-hulled inflatable boat (RIB), each skippered by Jimmer McDonald of Mac

Enterprises.

Objectives

1. Identify seasonal presence and relative abundance of marine biota in select areas in Iliuliuk
Bay that may be affected by proposed dredging and placement of dredged material.
2. Provide the USACE with a summary report of findings that supplement environmental

analysis documents regarding proposed dredging operations in Iliuliuk Bay.

Study area

Sampling occurred at 22 sites among 7 areas in Iliuliuk Bay (Fig. 1, Table 1). Areas 1 through 6
were offshore, ranging from depths of 15 to 66 m. Each of the five deepest offshore areas (i.e.,
1-5) were selected as potential locations for the disposal of dredged material and included up to
one trawl transect and two crab pot sites per season. The shallowest offshore area (i.e., 6)
encompassed the proposed location of dredging and included up to one trawl transect and four
crab pot sites per season. Area 7 encompassed a nearshore location < 5 m deep that could be
affected by an altered wave environment due to dredging; this area included two beach seine

sites that were sampled only in spring and summer.

Methods

Bottom trawl: Fish and invertebrates were sampled during daylight hours at water depths from
15 to 60 m with a bottom trawl in areas 1 through 6. Tows were made at 6 sites, for a total of 22
sets (Fig. 1, Table 1). Area 4 was not trawled in spring, and the trawl in area 6 during fall was

aborted when an enormous boulder estimated at > 1 m® was caught. The trawl net was 5.2 m



long, which included a 1.7-m long codend of 3.2-mm stretch mesh protected by an outer skirt of
29-mm stretch mesh. The mouth of the net was 2.6 m wide, 1.2 m deep, and connected to two
weighted otter doors (33 cm by 61 cm) — one per side. The doors were attached to a 6.3-m long
bridle of 1.3-cm braided line, which was attached to the F/V Miss Alyssa with a 1.6-cm
polypropylene tow line. Minimum scope ratio of the tow line was kept to at least 3:1. Once on
the bottom, the trawl was towed for 10 minutes (min). Three exceptions to the 10 min protocol
occurred: T6 in winter was the first tow of the project and was fished for only 5 min, T3 in fall
lasted only about 3 min because the trawl got snagged on derelict crab line, and T6 in fall was
terminated after about 4 min due to the boulder incident. Overall, the trawl was fished at speeds
ranging from 2.1 to 3.4 kts over ground, resulting in an average transect distance of 0.81 km.

Tow direction was determined by the skipper based on tide, currents, wind, and sea state.

Crab pots: Fish and invertebrates were sampled at depths of 15 to 66 m with crab pots in areas 1
through 6. Pots were baited with whole herring and soaked for 24 to 26 hours at 14 sites, for a
total of 46 sets (Fig. 1, Table 1). The ten deepest pot sites were not fished during fall due to
weather-related safety concerns. Pots had a ~1.2 m? footprint with pyramid-shaped frames made
of metal rebar and covered with ~5 cm? netting. Pots were deployed and retrieved from the F/V

Miss Alyssa during daylight hours.

Beach seine: Fish and invertebrates were sampled in water < 5 m deep and < 15 m from shore
with a beach seine in area 7. Seine hauls were made at two sites in spring and summer, for a total
of four sets (Fig. 1, Table 1). Neither seine site was fished in winter or fall due to unseinable
shoreline wave action and time constraints, respectively. Seine length was 37-m long with
variable mesh, tapering from 5 m wide at the center to 1 m wide at the ends. The two end panels
were each 10 m long with 32-mm stretch mesh, the two intermediate panels were each 4 m long
with 6-mm square mesh, and the bunt was 9 m long with 3.2-mm square mesh. The seine was
equipped with a leadline and a floatline so that the bottom edge of the net would maintain
contact with the bottom substrate and the top would float on the water surface. Two braided
nylon lines, 25-30 m long, were attached to the seine — one per end. The seine was set as a round
haul from the RIB. One line was held on the beach while the net was paid out from the RIB in a

semi-circle to a second position on the beach about 18 m from the starting point. The net was



brought onto shore by pulling together on both lines from shore. Seining was conducted during

daylight hours at a tidal level of about 0.0 m relative to mean lower low water.

Catch: After retrieval of each gear type, the entire catch was sorted, identified to lowest taxon,
and counted. A sub-sample (up to 50 individuals) of each fish species was measured to the
nearest millimeter total length or fork length, depending on species. Fishes were identified in the
field to the lowest possible taxon based on crew knowledge and reference to Mecklenburg et al.
(2002). Fish life stage (i.e., young-of-the-year — YOY, juvenile, and adult) was field-assigned
based on ontogenetic characteristics (e.g., development, coloration, and markings) and length.
Refinements to adult life stage assignments were made in the office based on species-specific
estimates of length-at-first-maturity (FishBase 2018). Invertebrates were photographed and
identified in the field to the lowest possible taxon based on crew knowledge and reference to
Jensen (1995). Aaron Baldwin, an expert in Alaskan marine invertebrates, kindly reviewed the
photographs and provided confirmation as well as numerous refinements to our field

1dentifications.

Habitat: Water temperature (°C) and salinity (practical salinity unit, PSU) were measured with a
CastAway® CTD in each area. The CTD was deployed to bottom depths at trawl and pot sites
and to a depth of 0.5 m at seine sites. Beach slope and substrate composition were visually
estimated at seine sites. Seaweeds captured during sampling were photographed and later

identified to species by Mandy Lindeberg.

Data analysis

Catch data were expressed by absolute (i.e., total catch and species richness) and relative (i.e.,
catch-per-unit-effort - CPUE and percent frequency of occurrence - FO) metrics. Total catch was
the total number of individuals captured. Species richness is the total number of unique species
or taxa captured. Catch-per-unit-effort represents the relative abundance of a species or taxon; it
was calculated by dividing total catch by number of sets (e.g., trawl tows). Percent FO represents
how common a species or taxon is; it was calculated by dividing the number of sets where a

species or taxa was present by the total number of sets made, and then multiplying by 100.



Results

Fish catch: A total of 740 fish representing at least 31 species were captured with a mean CPUE
of 10.3 (n = 72 sets; Table 2). Three species — rock sole, pink salmon, and English sole —
accounted for 70% of the total fish catch. Catch varied by gear type, with overall fish abundance
and richness of both bottom trawl and beach seine exceeding that of crab pots. Mean fish CPUE
of seine sets greatly exceeded that of both trawl and pot sets. Trawl catch was dominated by rock
sole. Indeed, rock sole was the most abundant and the most frequently captured species in trawls,
but it should be noted that 82% of trawl-caught rock sole were captured in one trawl during fall.
Pot and seine catch were dominated by yellow Irish lord and pink salmon. Fish catch also varied
by season (Table 3). Mean CPUE and species richness were lowest in winter and highest in fall
and summer, respectively. In winter, yellow Irish lord dominated the catch. In spring, yellow
Irish lord remained the most frequently occurring species, but YOY pink salmon were the most
abundant. In both summer and fall, rock sole had the highest mean CPUE and FO.

Fish catch differed between offshore and nearshore areas and among offshore areas
(Table 4). Only four species — rock sole, sturgeon poacher, Pacific cod, and Pacific halibut —
were captured in both offshore and nearshore areas. Among offshore areas, the two deepest areas
(1 and 2) were markedly depauperate, with a combined mean CPUE of 0.5 fish and a total of two
species. In contrast, the four shallower offshore areas (3-6) had a combined mean CPUE of 6.5
and a total of 20 species. Finally, the single nearshore area (7) had a mean CPUE of 104.8 and 17
species.

Juveniles and YOY were the most abundant life stages, accounting for more than 87% of
the total fish catch (Table 5). Most species (88%) were also represented in part by juvenile or
younger individuals; only four species — yellow Irish lord, crescent gunnel, red Irish lord, and
yellowfin sole — were captured exclusively as adults. The frequency of each life stage differed by
gear; trawl, pot, and seine catch were dominated by juveniles (84% of fish), adults (100%), and
YOY (51%). A total of 616 fish were measured for length (Table 6). Overall, fish length ranged
from 8 to 550 mm, with a mean of 117.5 mm and a median of 67 mm. Notably, no adult pink
salmon were measured; in order to minimize damage to both the beach seine and the catch, adult

salmon were quickly removed and released prior to bringing the net completely on shore.



Invertebrate catch: A total of 1,636 invertebrates representing at least 65 species were captured
with a mean CPUE of 22.7 (n = 72 sets; Table 7). Five species — puppet margarites, northern
lacuna, and green urchin, Oregon hairy triton, and wrinkled dove snail — accounted for 68.5% of
the total invertebrate catch. Catch differed among gear types, with most invertebrate species
(65%) captured exclusively by bottom trawl. As a result, total invertebrate catch, mean CPUE,
and species richness of trawls greatly exceeded that of both crab pots and beach seines. The most
common species in trawl, pot, and seine sets were green urchin, Oregon hairy triton, and
dungeness crab.

Invertebrate catch also differed between offshore and nearshore areas and among
offshore areas (Table 8). A total of 62 invertebrate species were captured in offshore areas,
compared to 4 in the nearshore. Among offshore areas, the shallowest area (6) had the most
diverse invertebrate assemblage. Area 6 had a mean CPUE of 57.3 invertebrates compared to a
combined, mean CPUE of 10.8 in the deeper offshore areas. Area 6 also had 33 species, 55% of
which were captured in no other area. Although invertebrate CPUE and richness were highest in
area 6, it should be noted that the area’s CPUE was not consistently high; more than 83% of the

total catch in area 6 was captured in the summer trawl.

Habitat: A total of 24 CTD casts were made, comprising 23 offshore and 1 nearshore. Offshore
casts were made in each area per season, with the exception of area 1 in spring. Overall, offshore
bottom temperature and salinity ranged from 4.4 to 8.8° C and 31 to 32 PSU (Fig. 2). By season,
mean offshore temperature was coldest in winter (4.7° C, n = 6) and warmest in summer (8.1° C,
n = 6). In summer, offshore temperature was coldest in the deepest area (7.3° C in area 2) and
warmest in the shallowest area (8.8° C in area 6). In the nearshore, temperature and salinity were
7.7° C and 21 PSU in spring (Fig. 2).

Substrate and gradient were similar at the two beach seine sites. Substrate was composed
mostly of sand (85 — 90%), followed by gravel at the western site (S7a) and both gravel and
small cobble along a ~2 m wide shoreline band at the eastern site (S7b). Beach slope in the
seined area was estimated at < 5% at both sites.

Red seaweeds were incidentally captured in the trawl net at three areas. At the shallowest

trawl site, T6, both sieve kelp (Agarum clathratum) and cup and saucer (Constantinea rosa-



marina) were present throughout the year. During winter, one specimen each of sieve kelp and

Scagel’s skein (Scagelia occidentale) were also collected at TS5 and T3, respectively.

Summary

Our sampling represents seasonal snapshots of the marine assemblages in Iliuliuk Bay. The
presence or absence of any given species at any given time and place can be affected in part by
the patchy and seasonally variable distribution of some species, sampling effort, and gear
effectiveness. Nonetheless, at least 96 fish and invertebrate taxa were captured by bottom trawl,
crab pot, and beach seine across 7 sampling areas during 2017. By gear, overall fish abundance
and richness of both trawl and seine exceeded that of pots. Whereas, total invertebrate catch,
mean CPUE, and species richness of trawls greatly exceeded that of both pots and seine. By
season, mean fish CPUE and species richness were lowest in winter and highest in fall and
summer, respectively. By general area, fish catch was more abundant in the nearshore than the
offshore, but total species richness was comparable. In contrast, invertebrate catch was markedly
more abundant and rich offshore than nearshore. Among offshore areas, fish and invertebrate
catch were relatively depauperate in the two deepest areas. Low observed diversity in areas 1 and
2 could indeed be representative of the fauna in these two areas, but it is also possible that the

bottom trawl fished less effectively at depths of ~60 m.
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Figure 1. Seven areas sampled for marine fish and invertebrates in Iliuliuk Bay, Alaska in
winter, spring, summer, and fall of 2017. The six offshore areas (1-6) were each
sampled by bottom trawl along one transect and crab pots at two or four sites. The
nearshore area (7) was sampled by beach seine at two sites. See Table 1 for site

details.




N
o~
(o)

¢¢c 1T 0t $19S JO IaquInN

[4 X X q.S QuIds
4 X X e/ ouras L
% X X X X 0¢ 8’991 $P06°'cS P9d  od
14 X X X X S1 6561991  €668°€S 994  1od
% X X X X 61 0€0S991 LT06'CS 99d  1od
% X X X X €T 096%°991  6806°€S ©9d  1od
% X X X X S1 1764991  0868°€S 086991 +906'€S 9L [men 9
¢ X X X 6¢ €ILP99T 1616'€S qsd  1d
¢ X X X €€ 8L9Y°991 S€T6'ES esd  od
% X X X X €€ L99%'991  6V¥T6'ES TE€LV'99T +616°€ES SL [men ¢
¢ X X X 6€ vS6v'991  0616'€S qvd  1od
¢ X X X St €66V°991 1€76'€cS ®epd  10d
¢ X X X w €€6v'991  OLI6'SS 9L6V°991 9€T6'€S +I Imen ¢
¢ X X X LE 789Y°991  6976°€S 4qed  od
¢ X X X 9¢ 6097991 S6T6'CS eed  od
14 X X X X S¢ 88SH'99T  SIC6'ES 6894991 €976'€S €1 Imen ¢
¢ X X X 6S w8991  66C76'€S qrd  od
€ X X X 99 S08Y'991 Iv€6'cs eed  1od
% X X X X 09 1647991  0SE6'ES $S8Y'991  68C6°€CS  TL [men g
¢ X X LS [L0S99T €0€6°'€S qid  1od
¢ X X 9¢ LV1S 99T STe6'cS eld  od

on

x
x
xxx mm vam.cfvmmm.mmmim.ofommm.mm:LEEE ﬁ
sps 4 ns ds M pdog (M) SuoT (N)IeT (M)SuoT (N)IeT QNS Iedn  ealry
JO# uoseas uoned0]

"1 81 UI UMOUS I SIS PUL SBAIY
"SUOSBAS SSOIOB puk Ss309suel) Juofe pageroAe a1e (w) YIdop pue soJeuIpIOOd [MEBI], "BYSB[Y ‘Akg NI[I[] Ul SedIe / uowe
L10Z 118 pue ‘xowwns ‘urids ‘101uim Surmp pajduwes sa)1s (7 = U) ouIds yoeaq pue ‘(4] = u) j0d qerd ‘(9 = u) (meny wonog ‘[ d[qe,



Sz S0 Z OBPIWWRISEXOY — SMUUDAISDIP SOUUDASDXIE] Suruoai3d djoy]
ST SO Z aepruow[es pulpuwl SNUIAIDS uopieA Ao
0S 80 € oepruody Ioyoeod paygnuoprun
6 10 € oepmon snjjoovw sdoj3riy  uidnos surdsygnoy

Sz €0 6 10 € aepnoduoINd[J sidajouays snssoj3oddipy nqirey dyIoed
14 10> 6 10 € aepnI0) snppydaooyuvovjod “p urd[nos jeai1n

(4 1'0> 6 1o 14 oBpMOD  Smopidojiuidy Snjopidojiua] PIO[ YSLT Py

ST 01 ¥ aeproyd p1aDw] S1jOYJ [ouuns Jud9sAI)
6 70 S aepnI0) svidojow sdoj3ii] urd[nos moIiqusryg

Sz 81 L oepLIdIsewAyIeg [mbuo1 paynusprun
0S 8’1 L 9BPI1}O2UOIN[J snivjja1s sAypyoun]d Iopunoyy A1re}s
SL ¢€¢ €1 oepmo) “ds snppydaooxodpy  uidnos paynusprun
0 ¢°¢ Al oBpIaBYONS pp13vs snuadwn'y yoeqapoud oyeug
ST 8¢ SI oJepruweIdexoy — SHUUD.A30300 SOWMWDASDXIE] Sur[uoaid poyseN
0S 0S 02 oepnApowury snppuos.ad sajdpowly Joue[ pues JiIoRJ
s€ S0 1T aepImo) tupp.of smopidajiuafy P10 YSLI] MO[[9X

0s 07 14 10> 6 1o 1T 9epIpeD) Snpydod04o0uL SHpPH poo dytoed
0 87 ¥l 90 S¢ 9eprosuoIMald ysyirey paynuopiun
SL €L 6 1°0 I€ oepruody Snu2sU2d100D SN22Y10pOJ Joyoeod uoadimg
001 $9C 901 9BPI}OdUOINI[J snjngaa sdiaydoavg 9108 ysisuyg
001 S'9¢ op1 aepruow[es DYosNq.L03 snyoudy.Loou() uowyes Jyuld
00T S°S 9¢€ P11 LT oBpNOAUOINI[J -dds pvpasdopiday 9[0s Yooy
Od dNdD od dNndd Ood HNdD  yaed Apue g Qued dYNUsIoy Sureu uowory

Jures 104 [MEBIT

"$19S [[ Suowe ojed [B}0) UO PISkq dduepUNE JO JIPIO SUIPUIISIP UI PIISI] I8 SAYSI "PAP[Oq e
ad4£) 1ea3 yoed 10J sanjea O pue 4N dD do1 Y[ "L 107 Suump eyse[y ‘Aeg JNINI[] U dUIdS [oBaq pue ‘0d qeId ‘[men woyoq
ym parmded saysiy Jo (O4) 90ua1mdd0 Jo Aouanbaigy juddiad pue ‘(39s = yun ‘gNdD) 10jFo-1un-13d-yojed ‘yoyed (810, ‘7 d[qel



0T

LT b 61 1€ soroads jo toquinN
8101 0] 86 €0l dNdD BN
14 % (44 L §198 JO IoqunN
6lv S¢ SI¢ 0vL Yoreo [e10 ],
S 10> I oepI1}O2UOINI[J p4adsp ppuvwiy 0]0S ULJMO[[9 A
S 10> I oeprpen SMUUDA302]DYd SHPDL) yoorjod 9A3[[B M
ST €0 I sepruowi[es vy SNYIUAYL00UQ) uouIfes 94K300S
S 10> I oepI0) snjja4dsp snunnpoy] urdpnos wig
S 10> I oepLIdIsewAyIeg Sngpusis L23soulying halifad (1N
S 10> I BP0 nja3uid sdojsiig urd[nos paqqry
S 10> I oepI1I0) S1ID2.40q SNUIJII] urdjnos uIoyIoN
S 1'0 > I JBpPNIOAUOINAJ snorftond snuio3so01 9[0s JdA0(
S 10> I oeprusedioog SIDIJ10 S2)SDQIS ysypoo1 yreq
S 10> I oep13oouoINJ SDIWO]S SAYIS242Y)}y  JOPUNO[J YJ00)MOLIY
S 10> I oepI10) smpap3 snypuvdouwdy  uld[nos peayJoury
S 10 [4 oepLedry YSY[Ieus payhuapiun
Od dNdD od dNndd Ood HNdD  yaed Apue g Qued dYNUsIoy SWied uounuos
Jures 104 [MEBIT

"panunuod 7 d[qe].



1T

IT 10 I urd[nos peayiowry
S o < YSY[Ieus payhuopiun

S 10 [4 Suruaai8 djoy

S 1o (4 uopIieA A[joq

or 10 € Joyoeod paynyuaprun

I 10 I S 1o C urd[nos ourdsysnoy
I 10 I 6 1o 4 mnqrrey oy1oeJ
IT 10 I S ['0> I S I'o I urd[nos jea1n
€0 € S o> 1 pIo] ysuy pay
A 14 [ouung 3ua9sa1)

6 0 S urdinos moiqusryg

S €0 L [inbuo1 paynusprun

6 €0 L Iopunojy Auels

6 0 S S ¥0 8 urd[nos paygnuaprun

6 90 14! yoeqapyoud ayeus

S L0 Sl Suruoai3 paysey

¢ 80 81 S o0 C ooue[ pues o198

¢ 00 I 8¢ t0 6 s€ 90 I PIO[ YSLIT MO[[S A

Ir <o [4 vl 80 L1 S o> 1 S 1o ! pod oyytoed
It 10 ! 6 90 €l or <o I Usyiey pagnuaprun
8L V'l 0¢ s 00 [ Joyoeod uoo3img

6 'l 4 or e¢ I8 a10s ysidug

6 ¢Sl (33 or s el uowyes uld

€€ €Vl 6IC € 91 9¢ vl L0 14! S 70 ¢ 9108 320y
Ood dNndD  Yysred Od dNdD Yaed Ood dNdD Yaed Ood dNndD  Yysred SWEU Uouwto?)

ed Jowwung Sundg IOJUI AN

uoseas Aq soLjouw yoye)

"PAPI0Q I8 UOSBIS YoBd UIYIIM sanfea O pue N dD doj Ay [, ‘Suoseas [[e ssoIde [ojed [0} U0 PAseq dduepunge Jo I9pio
Surpuadsap ur paisi| a1e saysi "L 107 J0 (6 = U) 18] pue (gz = u) owwns (1z = u) unds (39S 07 = U) I0)uIm JuLmp eyse[y
‘Keg iy ur paimded saysy Jo (O.]) 20ULINI20 Jo Aduanbaiy Jusd1ad pue ‘(3os = jun ‘G d0D) Hoyd-1un-1ad-yoied ‘yoie) "¢ 9[qeL,



4!

01 vC 0T 1% SsouyoLI sa109dg
8'¢C  TeC 601 0¥C 0°CI (44 80 91 HNdD PuUe [d53e3 [0,

S ['0> I 9]0S UIJMO[[Q A

Y o> 1 yoorjod a&ar1e M

Y o> 1 uowfes 949300

IT 10 I urdnos wrs
S o> 1 1070189

S o> 1 urd[nos paqqry

S o> 1 urd[nos uIoyIoN

I 10 ! o[0s 19A0(J
S o> 1 USI[o01 e

IT 10 I I3punofy Y001MoIIy
Ood dNdD Yd1ed Od HNdD Yae) Ood dNdD Ydred Ood dNdD Yd1ed SWwed younuoy)y

red Dwung Suudg IMUI M

uoseas Aq soLjow yaye)

"panunuod ¢ dqe],



¢l

§¢ S0 14 Suruaaig djoy
s 10 C USIJ[TeUsS payynuaprun
§¢ S0 14 uapieA A[joq
IT 10 0l ¢0 € urd[nos surdsygnoy
§C¢ €0 0C C0 € nqrey oyoed
0 80 ¢ Joyoeod paynuapiun
IT 10 01 10 € urd[nos yea1n
S 10 0 2T0 or 10 14 PIO[ YSU] pay
¢ 01 v [ouunsg ju9dsa1)
0T %0 0oL 10 S urdnos moiqu3ry
0s 81 L Iopunoyy Aueis
§¢ 81 L [mbuor pagnuaprun
SL ¢€¢ €l urd[nos paynuapun
0 ¢°¢ il yoeqapoud ayeug
§C 8¢ Sl Sur[uoai3 payseN
0s 0¢ 0z 9oue[ pues JIj1oe]
1T €0 0¢ +0 w €0 oy 90 0c €0 1T PIO[ YSH MO[[S A
0s 0V s 10 0l 20 Ir 10 or T1°0 1T pod oyioed
0s 8¢ 0r 01 IT 10 or €0 §¢ Ysiieyy paynuoprun
SL €L 0l 10 0l 10 £3 Ioyoeod uoo3img
001 $9¢ 901 a10s ysiduyg
001 S9¢ | uouwies yuid
001 ¢S S <70 oy T¢ I 9T 0T I'L CLT 908 300y
Od dNdD Od dnNdD Od dNdD O4d 3NdD 04 d41dD 04 dN1dD Od d1dD [oreds Slreu uowoy
L 9 S 14 € 4 ! [e10L,
QIOYSIBIN 2I0YSJO

'T 31 U1 umoys pue | 9qe[,

Ul paJSI| A1k SBAIY "PIP[Oq dIe BIIR YOB Ul sanfeA O pue gNdD do1 oy ‘seare [[e SSOIOR [2)ed [8)0) UO PIseq dduepunge

JO 19p10 UIPUIISIP UL PIAISI[ AI. SAYSI] */ [ ()7 SuLINp BSe[y ‘Arg JNINI[[ JO SEAIR JIOYSIBIU PUR AIOYSIJO [830} / I8 panyded
SQUSIJ JO SSAUYOLI $A109ds pue ‘() 29Ud1INI0 JO Aouanbaiy Juaorad ‘(39s = jun ‘N dDH) HoiFe-1nun-10d-yojes ‘yojed [810], ‘§ J[qeL



14!

8701 8 I S 8 C I [€  ssouyol soroadg
€L6 80 79 €T Tt L0 €0 €01  dNdD uedN
61t 91 79 11e (44 L € OFL  yoed [ej0],
4 61 01 6 01 01 01 TL  S19s Jo 1oquinN
$> 81 43 (4% 9¢ 19 LS - (w) ydop 1ojem UBdN
0r 10 I 9[0S ULJMO[[Q A
0l 10 I yooqjod aKaprem
Sz €0 I uowes 94300
01 10 I urdnos wrg
0l 10 I 1oyoresg
S 10 I urd[nos paqqry
0l 10 I urdnos urayloN
0l 10 I aJos 1or0(
S 10 I ysiypo01 yreq
0l 10 I JOpUNo[J YJ00IMOIIY
10 I urd[nos peayiowry
04 dndD 04 dNdD 04 dNdD 04 dnNdD 04 dndD Od dndD Od dNdD  yoeDd oweu Uowwo)

L 9

S

14

3 [4

!

QIOYSIBIN

2I0YSO

"panunuod § dqe ],



001 001 I3punofy Y001MoIIy

001 001 urd[nos pesyrowry

001 001 USyJreus paynusprun

00T 001 Suruaaig djoy

00T 00T uopieA Ao

001 001 Ioydeod pagruaprun

001 001 urdnos surdsygnoy

001 001 001 mgqrrey dyroed

001 0¢ 0s L9 €¢ urd[nos jeain

001 001 001 PO YSLIT Py

001 001 [ouung JuddsaI)

001 001 urd[nos moIqysiH

001 001 [inbuo1 paynusprun

001 001 Iopunofj Auels

8¢ 9 8¢ 9 urd[nos paygnuoprun

001 001 yoeqapyord ayeus

L €l 08 L €l 08 3UIUAIT PoYSEIN

S S 06 S S 06 90UuE[ pues JIj108 ]

001 001 PIO[ YSLI MO[[S A

001 001 L9 €€ 0l 01 I8 poo dytoed

001 001 001 ysyieyy paynuopiun

144 9L 0s 0s 9T YL 1oyoeod uoo3mg

001 001 9[os ysiduyg

|14 6L 1T 6L uowies Juid

S S6 01 06 0l 06 908 }00Y

npy  Anf - AOA Hnpy Hnpy  Anf - AOA Hnpy  Anf - AOA JuleU OO
ourg 104 [Me1], sodAy 1893 [TV

"$19S [[& Suowe Yojed [B}0) UO PAseq douepunqe
JO 19p10 SUIpuISIP Ul PAISI| A1k SAYSI "/ [0 SuLInp eyse[y ‘Aeq nifni[[ ur (AuIds yoeaq pue jod qerd ‘{mern wopoq
“9'1) sad£} 1803 ¢ Suowe pue sso1oe (JNpe pue ‘QuAAn[ ‘reak-oY3-J0-3unok 3'1) 93e)s 911 1od parmded ysiy Jo a3eIUddI0d S J[qeL



91

88 66 €IS 0001 Ior I1v¥8 LS YTl T9S  PIE  [OIed [€10} JO JUDId

001 001 9l0S UMO[[P A

001 001 yoofjod aKarem

001 001 uowyes 9A3y00S

00T 001 urdjnos wiys

001 001 I9ydIeas

001 001 urdnos paqqry

001 00T urdinos uIay1oN

001 001 9los IeA0(d

001 001 USL3001 e

npy  Anf  AOA Nnpy Nnpy  Anf - AOA Hopy Ao AOA swrel uowwo)
ourg 104 [Me1], sodAy 1893 [TV

"panuIIuod G Jqe].



L1

IL
1L
1L
T4
1L
1L
1L
TL
TL
TL
IL
IL
IL
1L
1L
L
14
1L
T4
TL
1L
TL
T4
TL

X 0I¢-0IC 00IC 1 I urd[nos peayrowry

X 7.8 001 ¢ [4 Ysy[reus paynusprun

X 6S-LS 085 T (4 Surquoaid djoy

X 881-L91 C'LLT T 14 uapieA Ao

X GT-€T 0¥C ¢ ¢ Ioyoeod paynuoprun

X €869 LYL ¢ € urdinos aurdsy3noy

X X 0L1-€9 L201 ¢ € mnqrrey oyroed

X X 0CS-Scy STLY T X CST-TST 0TsT 1 ¢ urdnos jea1n

X X 0pe-88C €6C¢ Vv % pIo[ ysu pay

X or1-0¢l S'LET V 1% [ouunsg Ju90saI)

X 8LYS v'E9 S S urdnos moiquSiyg

X 91-ST 961 L L [mbuoix paynusprun

X C0v-6SCT €Sve L L Iopunoyj A11e)S

X rve 9LE S X Sl 96l 8 €l urdnos payynuaprun

X ¢8C-6L 891l VI il yoeqapord ayeug

X 96C-96T 09SC 1 X €CC0LT S961 T X IL-LS v'€9 11 Sl Sur[uaaI3 poyseN

X orI-ov1 00Vl 1 X YOI-¥01 0101 1 X 98-8S 8'L9 8I 0¢ S0UB[ pues S|yIoed

X 0L¥-86C Vv'LOV 1T 1C PIO] YSLI] MO[[O A

X 0SS-SLy ¢°CIS T X 6EE-€9C 0°66C C X X 68VS vL9 LI 1T pod dyIoed

X X epIT €6T ST ST USIjje} paynuaprun

X X GII-s¥ 968 8 X X 6¥6C vev €C 1€ Iotoeod U0a31MS

X 9¢I-v¢ €09 901 901 9[0s ysI[3uy

X 0 X €8-0¢ ¥'sv €01 9vl uouuyes juld

X X Syp-L0E TPSE 9T X X 86C9¢ 8ISI 991 LT 908 00y

S dlL 9Guey SAy u S d ]I 9Suey Say u S d 1 9Suey Say u yoe) Qwreu UOWWO))
Hpy ouaAng AOA

"[oJed [£)0) UO Paseq douepunqge Jo JOpIo SUuIpuadsap Ul PISI| aIe SaysI,] so10ads uo

Surpuadop ‘(74) YSuo[ 3203 10 (T.L) YPISUS[ [810} JOYIID SI PUL SIQJOWI[[IW UT ST ISUIT X UB [IIM PJBIIPUI ST () JUIdS [[oBdq
10 ‘() 10d qe1d ¢(1) [Me1) WwoRoq ul 93e)s 1] B JO 90UdSAId ‘L [0 SuLnp eyse[y ‘Aeg ynini[ ur jysneos saysy jo (Jynpe pue
‘Quuaan( ‘reak-oy3-Jo-3unok 9'1) sae)s 9JI] 921y} pue (SYISUI[ JO d3uLI ‘YISUI[ UBIW ‘PIAINSBAW JOqUUNU J°T) SOLoW YISUdT "9 9[qe],



81

X X X (66-0¢€1 §09¢ 79 X X Z0v-8 T6Il 96€ X X 68-Gl LSy 8ICT ObL  SySUS| pue yojes [ejo]
1L X 0Le0LE 00LE T I 9[0S ULJMO[[D X
4 X 99-99 099 T I yoorjod akayre
1d X 08-08 008 1 I uow[es 949500§
1L X 6868 0S8 I I urdnos wrs
1L X L8188 0L8 1 I IOYOIRIS
1L X I818 018 I I urdnos paqqry
1L X peve 0vE 1 I urdnos woyLIoN
1L X LTI-LTT O°LIT 1 I 9[0S 1A0(]
IL X y8¥8 018 1 I YSI[00I yIe(
1L X 9G1-9ST 0'9SI 1 I IOPUNO[J 100IMOLIY

S dlL ©9Guey S8Ay u § d ] 9Suey SAy U S d L 9Suey SAy u  yoe)d Jwreu UOWWO))

npy o[IuaAnf AOA

"panuIIuod 9 dqe].



S €0 9 Jepuoy ], 1pUaSUMO] SnIpNg PI[eNS S,puasuMo |,
6 €0 9 Jepunged mpun.iq Snn3vg qeIo juay o3uodg

S €0 9 Jepiepued sidajouays snppund dwnys yojed ysnoy

¥1 €0 L Jepunged 10J42uU2Y SNANSDJ qeIo Juay surdsonyg

L TO0 8 oepife|N 1pAIDq $2]2020U01Y ) qelo Jouue]

81 +°0 Q Jepruoduer) SISUDYSDID S134Y dwLys pr3re uounuo))

S¢ €0 ¢ 10> vl S0 €l sepLnged qeld JIUL_Y paynuapiun
¥l 90 al oepuoydonsen wnorfiond 10.121do.13svL) [reus 100j3uIm d1j108d

6 90 Tl oepraionbay av140321A Da.1onba AJ1of 121s41)

0S €€ S 10 91 JrIpLIOUR)) A2)S13DUL 42IUD)) qelo ssauagun(g
LT 80 81 oepunged suaosapuayds sn.yoopigoy qeld juuy prpuojdg

6 VO s T0> 0¢ BIOBIPIOSY SSBID) Sjedrun paynuspun

vl Tl LT BPISAIA 10PI0 pIsAw paynuoprun

¥l 01 w2 oepunged 17713 SNA1YO0SSVIT qeId JIULIOY Pal JIJ1oe ]

11 S0 S 10> ¥C aeprley SnipAA] SDAF] qe10 2141 o108

L 10 7€ 01 ¥T oeprniydp nuayng vanryde Ie)so[nLq K910

0S %0 9¢ 01 97 sepruoduer) “ds uodun.r) dwiLys pues pagnuaprun
7 10> 8l 81 187 oBpIIUYORIBUIYDY puLivd SnuIYIDADUIYIT JIe[[Op pUEs UoWWwo))

S €7 o oepunged oDSU2A]S SNV qeId WY S, USA)S

6 70 €T 0¢€ LL oepunged SRUDWINUDY STATYIOSSD]T qeId JIULIdY PUBYDIPIAN

S SV 001 SBpI[[oquInjoy pup1qUInjod vss1yduty [TeUS 9AOD PI[ULIA

v I'v €T L0 90T Jepijjouey S1SUSUOSDA0 UOILUISN] uojLy Arey uogo1)

L1 80 Iy +01 9T OBPIIONUIIO[ASUONS  SISUDIYIDGI04P SNIOAUDIO0ASUO.4IS UIyoIn udIn)

6 ¥l €LT OBRPIULIONIT] DIOUIA DUNODT BUNOR[ WIOYIION

6 9 8.7 Jeprurqang, snpnidnd Sa11403AD soyredrew Joddng

Od 4NdD  Od dNdD  Od HNdD  YsIed Aquue g SUIel dYNUaIdS SUIel uounosn

ourog 10d [Me1]

"$19S [[e Suowe YdIed [B}0) UO PIseq ddUepunge Jo JopIo

Surpuadsap ur pajs| a1e sa103dg */ [0 SuLnp eyse[y ‘Aeg nini[ ur uIes yoeaq pue ‘jod qeo ‘[men} wonoq ym paindeo

S91BIQQ1IDAUL JO SSAUYILI SA10ads pue ((),]) 90U1INd20 Jo Aduanbaiy Judd1ad (305 = mun ‘g dD) Mope-1un-1ad-yoed ‘yoie) */ d[qelL



0¢

S 10> I oepruo3aI0 $17190.43 D1U032.4() qelo 10J8I009p [NJOORID)

7 10> I oepruejeg snjignu snuving o[oBUIEq UIOJR JUBLD)

7 10> I oepnoeydp 1)1ouuay sijoydorydp Ie)somLIq Asreq

7 10> I SEpILIAISY SISUDUIIUDY SDLLDISDYIDT Ie)s pourds yoelg

7 10> S 10> C oeprndiag S1DIUP1220 DUOAOUIYO0PNIS] ULI0MAqN) SNOJTBI[BD UII)SI AN

S 10 z oepnAjoddry snjdys sndivovydapy dwys opons

S 10 z OBPI[BIAN Sua420Ypo 2]VIAN 98uods doyeos ypoowrg

S 10 z eprunddg vpigna SCuvjy) doyreos suid yroowrg

y 10> Z epunig WNYUDANY PIYIUAOOJDE] yoead Bag

ST S0 T oepruoSeIray) SNUOSDA12YD SNSSIUL]D ] qeI0 JPWPH
7 10> S 10> Z sepriwouy DUISTYIO0.LYODUL SHULSIPOPOT o[3urlos[ey usaln

6 10 z SEpUPLIAIN UDUIDADf WNIPLAII N owouaue asownid juern

vy 10 € BPLID[ISO[1990] IIPIQ o3uods paynusprun

S 10 € epodado)) ssejoqnsg podadoo payynyuoprun

¢ T0 ¢ SBPI[[a31U0 T, Uuojyo paynuspun

y 10> S 10> € JBPILID)SY sapiroyuvijay vipodouddg Ie)s JoMO[Jung

¢ T0 € SBPI[a0IUO ], bpaul] vjjao1Uo] UoNyod paury

6 10 € aepupie) SnoIpuUDIU20.43 sad1142g 93000 PUB[UIIIN)

vy 10 ¥ oepruroong ULIOJID]DIS WNUIDING wnuroong AY[IS

L 10 ¥ oepIuroong DSOOLIUDA DaUNIdIN M[oym 18

8T T0 ¥ oepunged S1SU2J0Y20 SNANIVJ qeld WY UBYSe[y

S 70 S SepIPLIOIN “ds wniprigapy owIouUSUE PayIIuIpIUN

6 20 S JBPLIISB[OS snsoddvd .121s0s50.0) IB)S BAS 9S0Y

¥1 TO0 S JeIpPLIOUR)) SISUDU03.10 SNUIDADI0GI]L) qelo ool AwILJ

S 70 S oepILIR[[oqesS WNLIDJUSWIDD DLID]]2GPSO2N — WIOMIQN) UOSBWIPUES PIJUSW))

S 0 S sepunged s1sua3u1Loq snin3og qe1o ey Juueg

Od 4NdD  Od dNdD  Od dHNdD  Ys3ed Aqrure SuWrel dYNUaIdS Slel uouon

ourog 10d [me1]

"panunuod / d[qe].



IC

¥ 44 €S S9 ssauyoLl sa10adg
8Y 89 68 LTC  dNdD U\
% 9y (44 L §398 JO JoquinN
61 353 [4113! 9€91  Uded [e0],
s T0> I SBpIUnNN[aIA "ds punnja [reus paynusprun
S 10> I BPNOIYI0IPUL(] JopI0 1oquinonod Bas payruaprun
7 10> I oepIunoad dojreos paynusprun
S T0> ! oepusneydnyg [[LD] payfuspIun
7 10> I oepruogaI0 “ds sody qeId paynuaprun
S 10> I BOZOAIg WN[AYJ ue0ZO0AIq PayuIpIuN
S 10> I BOpLIBWILIEL) JOpIoqns podiydwe paygrusprun
S 10> I oepino vjjod vio7 1odu] proys
S 10> I oeprue[eg SNIDAISO4 SHUDIDG J[orUIRq 9)RIISOY
7T 10> I oepruroong pv4d] vaunidan oYM paqqry
S 10> I OBPILIAISY 112]Y20Y SD1IISVYII() Ie)s BOS moquiey]
S 10> I Jepunged SNAIYI0UOS14] SNANIDJ SNAIYI0UO0S14] SNANIDJ
7 10> I 9BpIAIdIPOST vp131L s18do112ds20aN 98uods 1a3ury a8ueI()
S 10> I aeprpie) WNIDIJ10 WNIPADIOUL]) 93009 pue[ad]
S 10> I aeprpie) WNSOJ1f1JU2D WNIPADIOWIN] 93009 duI[-paIpuny
S 10> I aepipoypry 1YZ)1Uqa.43 42]Sv30dDE] qelo A1eH
S 10> I oepnerdyg s1190.43 v1jj3Ng qelo djoy [ngooein
Od dNdD Od dNdD 04 dNdD  Yd2aeH Aqrure SRl SYNUIIdS Swed yownuo?)
ourog 104 [me1]

"panunuod / dqe].



(44

¢ €0 or 10 9 qe1o oy oguodg

¢ €0 9 dwiys yojed y3noy

¢ €0 or 10 IT 10 L qeIo oy surdsanyg

A or 10 01 v0 8 qeIo Jouue],

0C T0 IT 90 or 10 8 dwiys prdre uowwo))

0c 90 01 80 ¥1 [reus J00j3urm J1j1oed

01 €1 01 10 b1 Aniaf eiska)

0§ ¢¢ oI €0 9] qed ssouadun(]

S ¥0 0€ S0 IT v0 01 T0 81 qelo jruidy prpus[ds

s 10 IT ¥0 01 20 0T ¢'1 0¢ djedIun) paynuIpIun

0C 9°¢ 01 10 LT PISAW payrjuapIun

91 T1 44 qeIO JIULIdY PAI O1J10B]

1T 1 o1 10 or 10 ¥T qeIo QIA] o108 g

¢ T0 0€ 90 vy €1 01 v0 o1 10 104 Teysoniiq £o10)

0s 80 ¢ TI0 0 vl I1T T0 0C €0 01 <0 9¢ dwriys pues paynuoprun

I1 20 0Cc ¢t 0l C0 It IE[[Op pues UouWo))

¢ v ot qeIo JIULIAY S, USAJ)S

1T 07¢ 01 90 T ¢¢ 01 10 o1 10 o1 10 LL qeld JIULIDY PUBYSPI M

s £ 001 [FeUS SAOD PIP[ULIA

91 L0 o1 10 L9 6’1 0C ¢TI 0L TL 0s 06 90¢ uojLy Airey uo3a1Q

91 011 0c S0 vy 60 01 10 oL IV ¥9¢ umgoIm usalh

IT vyl €LT BUNOB[ UIOYLION

It 9v%1 8LT souedrew yoddng

Od 41NdD Od dNdD 04 dNdD Od dNdD O4d dNdD Od dNdD Od dNdD  Yd93.D oued uouos)

L 9 S 14 € [4 !

QIOYSIBON. 2104sjJO

"1 "SI Ul UMOUS pPue [ J[qe ] Ul PIIsI] a1k eate 1od s9)1s pue sad4y 180D

"PAPI0q Ik BAIR OB JB san[eA O pue N dD dol oy ], ‘seare [[& SSOIOB [dIed [0} UO PAseq dOULPUNqe JO JOpIo Surpuddsap

Ul paIsI| A1 SAJBIQIMAAU] “/ [()Z SuLnp eyse[y ‘Aeg nI[ni[] JO SBAIL JIOYSILIU PUB JIOYSIJO [B10} / Je painded soje1qalIoAur
Jo ssauyorr sa10ads pue ‘((,]) 20U21INI0 JO Aduonbaiy Juaorad ‘(39s = 1un ‘N dD) HojJe-1un-10d-yojes ‘yojeod [810], ‘| J[qeL



€C

o1 10 I Ieys pourds yoerg

S 10 0l 10 C WIOMIQN] SNOATBI[BD UIIISIAN

¢ 10 C dwnys opo[ns

0l 20 T o3uods dojeos yroowg

0l 20 C dofreos syuid yoowg

0¢ ¢T0 C yoead vog

§¢ S0 14 qeIo JoWOH

or 10 0T 10 C o[3urlos[ey udaIn

or 10 IT 10 14 owououe asownjd juern

0Z €0 € 93uods pagnuoprun

01 €0 € podadoo peyynuaprun

¢ 70 € uoIyd pPaynuapIUN

1T 1o 01 10 € Ie)s Jomopung

¢ 70 ¢ UOoIYD paury

0C €0 ¢ J[209 PUB[UIAID)

01 €0 or 10 1% wnuroong A1

01 T0 0C T0 1% J[oyMm e

0Cc T0 IT 10 or 10 14 qelId JIUIdY UBySe[y

IT €0 S Ie)s IS 90y

91 €0 S qeIo 3001 AwIAJ

¢ €0 S OWIOUQUR paljrIuapIuUN

IT 90 S WIOMIQN] UOSBWPUERS PAJUIW))

¢ €0 S qelo Juoy Sureg

¢ €0 9 qeIo JIULIOY PaynuapIun

¢ €0 9 PI[ENa S,pUdSUMO ],

Od 41dD Od dNdD Od dNdD Od dNdD Od HNdD Od dNdD Od dNdD  Yd9I'D Swed UOWO)

L 9 S 14 € [4 !

QIOYSIBON S10USJFO

"panunuod § d[qe],



ve

14 43 0¢ Sl 91 4! 81 <9 ssouyoLI sa102dg
8 €LS 9°¢l €0l 8 ¢8 991 L'TC  dNdO uesN
6l 6801 9¢1 €6 8P c8 991 9€91  Uojed [e10L
14 6l 0l 6 01 0l ol L §398 JO JaquinN
G> 81 [43 (4% 9¢ 19 LS - (ur) yydop 101EM UBIIA
s T0 I [Ieus payyiuaIpIun
IT 10 I IoquInong BaS payyuopIun
0l 10 I doqreos pagnuoprun
or 10 I [[LB] paynusprun
or T0 1 qeIo parynuaprun
oI 10 I ue0ZO0AIq PayruapIun
S 10 I podiyduwre paynuopiun
s 10 I 1duny prarys
01 10 I 9[orUIRq 1RNSOY
or 10 I APYM paqqry
¢ 10 I Iels BaS moquiey
0l 10 I SNAIYO0UOS14] SNANIDJ
oI 10 I o3uods 1o3ury o3ueIp
or 10 1 J[009 pue[a9]
IT 10 I O[[009 dul[-paIpuny
¢ TI0 I qeIo A1reyq
¢ TI0 I qerd djoy] [nyaseIn
or 10 I qeId 10JBI0OIP [NJOORID)
01 10 I 9orUIRq UIOJR JUBID)
IT 10 I Ieisonuq Asre(q
Od 41dD Od dNdD Od dNdD Od dNdD Od HNdD Od dNdD Od dNdD  Yd9I'D Swed UOWO)
L 9 S 14 € 4 !
QIOUSIBON S10USJFO

"panunuod § d[qe],



91 8 8 L) 6 32
- 30
8 .
®
& - 28
£ 4 —
2 7] —8—Area (57 m) 2
@ o
= 2
g— —8—Area 2 (61 m) -26 =
c
2 —8—Area3 (36 m) S
T 6 1 W
o Area 4 (42 m
g ( ) | o
—&8—Area5 (32 m)
c | —8— Area b6 (18 m)
® Area7(<5m) - 22
¢ Salinity
4 T T T T 20
Winter Spring Summer Fall

Season

Figure 2. Seasonal water temperature (° C, circles) and salinity (practical salinity unit — PSU,
yellow diamonds) during 2017 in Iliuliuk Bay, Alaska at seven sampling areas
characterized by different mean water depths. Sampling areas are shown in Fig. 1 and
detailed in Table 1.
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