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and over the entire water column in the Gulf of
SUMMARY Alaska from January 1996 to May 1998.

We have been conducting detailed studies of the biologystfong upwelling occurs around the Kodiak Archipelago a
seabirds in relation to oceanography and forage fish ecologyhia entrance to Cook Inlet, leading to complete mixing o

nd at
the

lower Cook Inlet, Alaska, since 1995. This fortuitously allowedater column and reduced surface temperatures in thesq areas

us to document biological effects of the 1997/98 ENSO in tl{lsig. 2). Cold, mixed waters are carried north by preval
region. Anomalously warm sea surface temperatures (SSTgjrents far into Cook Inlet. Strong tidal mixing lim
were observed in the Gulf of Alaska (GOA) beginning in Junegifatification to protected areas such as Kachemak Bay
1997, but not in Cook Inlet until September, 1997. Warnver outflows create shallow lenses of warm, low-salinity w
temperature anomalies at the surface and at depth persistedaintile surface. On the west side of Cook Inlet, currents
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May of 1998, when temperatures returned to average in goeith and waters are weakly stratified, warmer and less daline.
GOA and Cook Inlet. Thus, temperature anomalies occur&lthough they differ slightly in absolute temperature, S§T's
outside the core window of productivity (June-August) fdrom Kachemak Bay, Chisik (on the west side, Fig. 2) and the

forage fish and seabirds in both 1997 and 1998. Abundanc®arren Islands (entrance to Cook Inlet) show similar sea
production of phytoplankton, zooplankton, fish, and seabirdssind annual SST trends.

lower Cook Inlet varied among years, and overall appeared to

be depressedin 1998. We observed a few biological anome Cook Inlet. Alaska
that might be attributed to ENSO effects: 1) a significant die-( :

¢
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of Common Murres occurred in March-May of 1998, 2) murrd | NOAA 14, 9 June 1996 ol @
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and Black-legged Kittiwakes were physiologically stress ® Colony Site
during the 1998 breeding season, 3) murres failed to reprod Chisik |_>
atone colony in 1998, 4) kittiwake breeding success was loy
than usual at colonies in 1998, 5) phenology of breeding v ,m//
later in 1998 for both murres and kittiwakes, and 6) peaks
forage fish abundance were later in 1998. We presume f{
seabird anomolies were linked to a reduction or delay in fo
availability, but the mechanism by which anomalously war
water temperatures in winter affects forage fish availabili
during the summer breeding season for seabirds is not kno

OCEANOGRAPHY

The 1997/98 ENSO was well developed at the equator by J
of 1997. Anomalously warm sea surface temperatures (SS’]
developed rapidly during June in the Gulf of Alaska (GOA) ali
Bering Sea, presumably via atmospheric tele-connection w
the tropics. SST anomalies of 2+ C in the GOA persist
throughout summer of 1997 (Fig. 1), diminished to ~1 C
October; and persisted until May/June of 1998. Wat
temperatures at depth (0-250 m) differed markedly from surfe
temperatures during summer of 1997. Warming of deej
waters started much later (September) and peaked in Febru
March of 1998. CELoIos.

In lower Cook Inlet, effects of the 1997/98 ENSC
were ameliorated by upwelling and tidal mixing at the entrance

sonal

to Cook Inlet. Whereas the northern GOA was well-stratifiedrigure 2. AVHRR image showing sea surface temperatures

during summer of 1997 and capped by warm surface layeig, Cook Inlet and seabird colonies under investigation.
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As a consequence of this oceanographic regime, SST'sFish: Fish were sampled in both Kachemak Bay and ar

pund

Kachemak Bay (Fig. 3) do not reflect SST's in the outer GO&hisik Island using a modified herring mid-water trawl (Juily)

instead they reflect temperature fluctuations of the entire G@Ad beach seines (June-Aug.), and in Kachemak Bay u
water column (Fig. 1). SST's in Kachemak Bay and the GGsnall bottom trawl (Aug.). The same gear and methods
during 1996 were about average most of the year. The lauged in all years of study. We targeted small forage f
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15 consumed by seabirds. More than 300,000 fish comprising over

kachemak 00 Species have been caught on these surveys. Domina

Q 10 %y general, fish catches are much higher in Kachemak Bay
s /ﬂw \\;\ — 1998 around chisik Island owing to regional differences
? 5 -\/\/ N — 1997 prOdUCtiYity' .Catches Of Kachemak Bay Fish Catch
\/v—’?/ —1998 forage fish increased in eoco
—— Kachemak Bay (Fig. 5A)§ sooo| |3~ Niuaer raud
J FMAMUJJAS OND but decreased arounfl 4000 | 4 otiom Traw
Chisik Island, betweert sooo-
1997 and 1998. Catches ifl 5000
both areas in 1997/98 wer oy,
higher or similar to those
observed in 1996. How- 1996 1997 1998
SST anomaly observed in the GOA during June-August efer, trawl catches are Age 1+ Sand Lance Catches

1997 (Fig. 1) was not observed in Kachemak Bay (Fig. 3) orraghly variable and biased 1, i KachemalcBay

Chisik and Barren islands. SST’s in Kachemak Bay beganbi@cause we conduct trawl os

increase in August 1997 and were 1-2 C higher than averagly where hydroacoustic% 06 :gj
throughout fall and winter; returning to average in May afignals indicate the presg ° 98
1998. As for GOA temperatures at 0-250 m depth, SST’sdénce of fish. Analyses ofg **

Kachemak diverged most from average values during Februaygroacoustic data (in *° May Jm  a Aug  Sep

and March of 1998 (Fig. 3). prep.) suggest that biom- _.

ass of fish was reduced inFlgure 5. A) Annual CPUE of

BIOLOGICAL EFFECTS some areas of Cook Inlet infISh in trawls and seines in
Plankton We began monitoring phytoplankton and zooplank-998. Beach seines sug-K""Chem""k Ba.ly,.and_, B)
ton abundance in 1997. Phytoplankton concentrations wgsst that fish were delayedseaSonal variation n pegk
measured using a CTD with attached fluorometer. Zooplankian arriving nearshore in catch of sand lance in seines,
were collected seasonally at a single station in Kachemak BE§98 (Fig. 5B). 1996-1998.
and we measured settled volumes to estimate abundance (Fig.
4). Primary and secondary production in Kachemak Bay varidabird ProductivityHere we consider two species (Comn
among and between seasons, but with only two years of dataiveres and Black-legged Kittiwakes) from colonies at Ch
can only conclude that there was no indication of any dramdstand and Gull Island. Murres maintained relatively
ENSO effects (e.g., total production failure) in either yegsroductivity among all years of study at Gull Island
However, maximum zooplankton volumes in 1998 were abd{@ichemak Bay (Fig. 6). Diets were similar among years
a third of those observed in 1997. analyses of time bud- Murre Productivity in Kachemak Bay

gets (foraging trip du- ! |

Figure 3. Sea surface temperatures (5 m below low-low
tide) in Kachemak Bay, Cook Inlet, Feb. 1996 to Aug.
1998. Mean daily temperatures smoothed with 7-day
running average.

550 Zooplankton in Kachemak Bay ration, “loafing time”) § 0.8 1 ! | =
300 | | =@= 1997 suggest that murresg %61 ! I
b | (TR 1998 had no difficulty find- & 041
= ing food in 1997 or 021
£ 2001 1998. At Chisik Island, o ‘ ‘ ‘
€ 1501 however, murres expe- 1995 1996 1997 1998
% 100 | rienced a Complete 1 Murre Productivity at Chisik Island
>

breeding failurein 1998 _ 5
(Fig. 6). They started £ ¢ |
breeding later thang ,,|
‘ ‘ ‘ ‘ ‘ ‘ ‘ usual (Fig. 7), dis-° ,,]
80 100 120 140 160 180 200 220 240 . .
played erratic atten- |

_  Julian Day ~ dance, and had signifi- 1995 1096 1997 1998
Figure 4. Seasonal variation in zooplankton volume in cantly higher levels of

Kachemak Bay during 1997 and 1998. Zooplankton weresyrass  hormones in T /9Ure 6. Breeding success of

collected using a 1-m ring net with 505 micron mesh.  their blood plasma in Common Murres in 1995-1998
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1998thanin 1997 (Fig. *
8). Complete breeding

failureisrarein murre§; gunor
because they cag ] |__ Shekee
compensate for wide ,,| [—— chiskes
fluctuations in foodg
supply by adjustingg
their time budgets--

Evidence suggests this is because of generally poor|food
supplies around Chisik and because, in contrast to myrres,
kittiwakes cannot adjust their time budgets to deal Wwith

fluctuations in food supply, nor can they range as far to|find

food. The 1998 breeding **
season at Chisik wag &
notable because birdg
failed much earlier thart

Murre Hatching Phenology

Gull 96

20

Kittiwake
Egg-Laying
Phenology

Julian Date

which is why they ™ 20 20 20 20 20 20 ygyg| (during incuba#:g” 40

usually managetopro-  Figure 7. Phenology of egg tion), phenology of egg< / p— Eiigg
duce chicks at Chisik  hatching in murres at Gulland ~ laying was about 2- — Guilse
despite poor food Sup- Chisik islands, 1996--1998. weeks later than usual, 0175 180 185 19 195 200 205 210 215
plies. We therefore and adults produced ab- Julian Date

view the delayed phenology and subsequent breeding failsodutely zero chicks.  Figure 10. Phenology of kittiwake
of murres at Chisik in 1998 as particularly significant. egg-laying on Gull Is., 1995-1998.

Seabird Die-offs:

Figure 8. Stress hormon(? ) 5 " 25 A large and extensive seabird die-off was observed in Alaska
Ievgl_s In murres at T T y during summer 1997; largely confined to the southern Bgring
Chisik during a ‘nor- 7 L -+ j Sea and Aleutians. Surface-feeding species such as
mal' year (1997, open & « A shearwaters (and much lesser numbers of kittiwakes)edipd
circles) with seasonal ¢ masserom apparent starvation. Some hundreds of thougands
increase in food stress, .| = of birds were probably affected, and peak mortality occurred in
and ENSO year (1998, § | =z~ 12 August when SST anomalies were highest. Smaller die-offs of
closed circles) with high " murres were also reported from the northern Bering Sea, nostly
stress load at beginning .l — . in May and June. Although SST anomalies were also high in
of the breeding season. the GOA during the summer of 1997, no die-offs were reported

there. In 1998, however, a moderate die-off of Common Muirres
In contrast, kittiwake breeding success is typically moveas observed in the northern GOA. Dead murres were regorted
variable and sensitive to fluctuations in food supply. loverawide area (Fig. 11) from about March through May, with
Kachemak Bay, kittiwake breeding success was much redupedk mortality oc:
in 1998 compared to 1996/1997-- but fell within range @lurring in mid-
variability observed in previous years of study (Fig. 9alpril. This fol-
However, notable low production events in the past alkmved a long pe
correspond to years with moderate ENSO warming of wintéod of anoma-
water temperatures in Alaska (1987, 1993, 1994). Ldausly warm wate!
production in 1998 was largely due to low laying and hatchitgmperatures i
success, which was about 3 weeks later than usual (Fig. #8.GOA (Fig. 1).
Once hatched, Most murres wert
Kittiwake Productivity in Kachemak Bay chick survival apparently sub

7]

§ 0; was high. At adult (non-breed R

s Chisik Island, ers) and died o

2 06 . . @ 100198

g kittiwakes starvation. A pre

= 04 have always liminary tally indi- @ -

g 02 done poorly cates that at lea:

© 0 T o e e e e e Inrecentyears 1300 dead murre 7=

238833838 883888 (Fig.9p). were observed on  Figyre 11. Distribution of dead

Year beaches in the  myrres recovered from beaches

2 04 Kittiwake Productivity at Chisik Island GOA_- P.I‘EVIIOUS in the northern Gulf of Alaska

e Figure 9. Breeding studies indicate  qguring March-May, 1998.

g success of Black-legged this would be a _ _

g | Kittiwakes at a) Gull small fraction of the total mortality, which probably numbdred

g 02 Island, Kachemak Bay in the tens of thousands. The most recent large seabird die-off

2 (upper’) and b) Chisik obseryed in the GOA ocqurred during late winter of 1993

S o ==y |—I—| = zer0 Island (lower). following a prolonged period of anomalously warm SST's
~ ©

associated with the 1992/93 ENSO. In that die-off, apout
120,000 murres died from starvation in the northern GOA
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