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Introduction

The Tulsequah Chief mine is located in British Columbia, Canada on the Tulsequah

River, which is a tributary to the Taku River approximately 10km from the US/Canada

border. Currently the only means of transportation into the mine are by air and water'

Traditional access to the mine site was provided by conventional barging operations which

are only possible in summer months depending on river flow' Concern about impacts to

fishery resources has lead to a need for more information on eulachon (Thaleichthys

pacificus) spawning in the Taku River'

Eulachon (Thaleichthys pacificus) are a short lived anadromous smelt found from

Northern california to the southern Bering Sea (Hart 1973, Mecklenburg et al' 2002)'

During the spawning event, eulachon play an important ecological role as a seasonally

available high lipid prey item affecting the movement of predators including: bird

aggregations, marine mammals and fish (Womble 2005). Spawning typically occurs in the

spring in river systems associated with a freshet (Hay and Mccarter 2000).

In Southeast Alaska inside waters, there are at least twenty-eight rivers with

known eulachon spawning, including the Taku River (Womble 2005, Wilson 2006)'

Eulachon spawning in the Taku River typically occurs in early April (E' Jones and L'

Parisian, pers.comm.). In April 2006 before ice break up, harbor seals (Phoco vitulina)

were hauled out on river ice, while eulachon schools were observed up river, indicating the

fish moved underneath the ice access spawning grounds (E. Jones, pers'comm')'

Eggs are spawned demersally and adhere to coarse sand or small gravel substrate

via a sticky stalk, which forms from the outer membrane of the egg (Smith and Saalfield

1955, Parente and snyder 1970). The number of eggs produced increases with length and

age, and can range from 8,500 to 67,500 eggs with an average of 26,000 (Spangler, 2002)'

Hatching duration varies throughout the range of eulachon spawning, lasting from 188

accumulated thermal units (ATU) in the Columbia River in the southern part of their range

(Smith and saalfeld 1955) to 242 ATU in the Kemano River (Triton 1990), 258 ATU in

the Kitimat River (Pedersen et al. 1995), -340 ATU in the Bella coola River (Moody

2004) and 303 ATU in the Twentymile River in Alaska (Spangler, 2002). Hatching



appears to be related to temperature and accumulated thermal units (ATU), as the highest

densities of drift occur when water temperatures are stable and change less than 2'8oC

(smith and Saalfeld 1955, Hart 1973, Spangler 2002). Hatching typically begins between

three and five weeks after spawning, but tends to occur four to six weeks after spawning in

SE Alaska (Andrew Eller, university of Alaska Fairbanks, pers. comm.).

Once hatched the 4-5 mm larvae rely on river currents to carry them to the estuary'

The presence of larval eulachon in estuaries and marine waters adjacent to rivers is a

strong indication that a river is used by eulachon for spawning (McCarter & Hay 2003)'

The highest densities of larval eulachon are found near the bottom of the water column

(Spangler 2002) with peak larval drift occurring at night (Spangler 2002)' Larval

movement into the estuary after hatching is rapid. Lawaleulachon distribution in estuaries

indicates a residence, lasting anywhere from weeks to possibly months (McCarter and Hay

1999).

In many rivers, the spawning reach is more or less limited to the part of the river

that is influenced by tides (Lewis et al. 2002) owing to them being relatively weak

swimmers. In other systems, eulachon ascend well beyond the tidal influence eg' eulachon

are reported to go as far as 80 km up the susitna River (Banett et al. 1984; Vincent-Lang

and Queral 1984). The Taku River receives tidal influence just past the Taku Lodge, 35km

up river from the mouth of Taku Inlet (Randy Host, USGS pers comm')' This study

focused on a reach between river kilometer 3l and 57 to determine the upper limit of

eulachon spawning in 2008 (Figure 1). Ichthyoplankton surveys in this study were

designed to detect the furthest upstream spawning distribution of eulachon larvae in the

Taku River.

Study Objectives

o Collect baseline information on the emergence timing and distribution of larval

eulachon (Thaleichthys pacificus) on the Taku River'

o Locate and map the upper limit of adult spawner migration ie. the furthest distance

upstream that is reached by spawning eulachon'
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Methods

Adult eulachon were not targeted for this study owing to their potential ability to

swim upstream underneath river ice undetected. The study focused on locating larvae

moving downstream back to the ocean using the methods of Mccarter and Hay 2003'

Lawaeare believed to hatch four to six weeks after spawning (Andrew Eller pers.comm'),

so the distribution and timing of spawning can be determined from larval density in the

water column.

Ichthyoplankton were collected from a boat at various sites along the Taku River'

Two 350pm plankton nets with 20cm (8 inch) diameter openings were attached to a bongo

frame and lowered from the winch of a22ftskiff or 18ft jet boat according to location

(Figures 2-3). A temperature data logger was placed in the river on the first sampling

occasion to record water temperature every 15 minutes throughout the course of the study'

The first sampling station was chosen 4 km below the Taku Lodge where congregations of

seals and birds had been observed in April suggesting the presence of eulachon (Don

Thomas pers. comm.). Stations were spaced 300m to 4 km apart with the aim of

determining the upstream limit of distribution. Distances between stations were measured

using Garmin "Mapsource" software.

At each station, surface water temperature' water depth and GPS co-ordinates

were recorded. A General Oceanics flow meter attached to the bongo frame measured

water flowing through the net allowing sample volume to be calculated' The boat was

anchored or held stationary under power at the sampling site while the nets were lowered

over the side and held just off the river bottom for three to eight minutes. Sampling time

was recorded as the full time the nets were submersed in the water'

The contents of both left and right cod-end buckets from each plankton net were

combined and flushed into a plastic sorting tray. After examination for larvae, the sample

was transferred to a 1 liter bottle containing 70o/o ethanol for later examination with a

microscope.

Sampling was conducted at low tide to avoid larval being displaced upstream by

tidal action. Daily mean discharge rates of the Taku River were obtained from the USGS

gage station at canyon Island. Sampling was repeated weekly for four weeks' After the



first week, additional stations were added until the furthest upstream point that larval

eulachon were found was established. More frequent samples were collected at the

furthest downstream station to examine changes in eulachon density and determine peak

spawning time.

Lawal eulachon were positively identified by having an average ventral

melanophore (pigment) count of 12 and gut lenglh greater than three-fourths the body

length (Hearne 1983, Young, 1984). Figure 4 shows the difference between coast-range

sculpin larvae (top two larvae in photo) and eulachon larvae (bottom larvae)' Andrew

Eller (University of Alaska Fairbanks) identified eulachon larvae and Andrew Whiteley

(University of Alaska Fairbanks) provided assistance in the identification of larval cottids

(sculpins).

Larvaleulachon density (D) measurements (number/m3; were determined for each

sampling station by calculating the quotient of the laboratory count (N) and the

corresponding volume (v) of seawater (m3) filtered through the plankton net:

D:N/V(1)
The volume of water filtered through the net is determined using a General Oceanics@

equation:

v: (A.F.K) 1999,999 (2)

where:

V: volume of water filtered through the plankton net

A: area of net opening (m2)

F : number of revolutions recorded by a General Oceanics@ model2030R flow

meter

K = rotor constant

and high speed rotor constant:26,873 (7.0 cm rotor),

20 cmbongo net opening:0'0283 m2 or 0'0566 m2 for both nets'



Figure 2: The plankton nets attached to the bongo frame'

Figure 3: I 8ft jet boat and 22 ft skiff used to collect ichthyoplankton.



Figure 4: The top t*oTile a-* 
"oustiange 

sCulpin; the larvae on the

bolttom is a eulaihon. Larvae are approximately 5mm'

r) attached to sand Particles'



Results

Four sampling trips were conducted between May 24 and June 12, 2008 to collect

ichthyoplankton from 22 stations spaced along 26km of the Taku River' Two surveys

were conducted during day trips to the site while an additional two surveys were conducted

over a two day period to increase sampling frequency' Not all stations were surveyed on

each occasion. River flow was low during the first survey restricting sampling sites to a

narrow channel. Additional samples were collected at Station 1 on May 25,27 and June 2'

10. 18 and 24. A total of 58 samples were collected and examined for larvae' Sampling

depth varied from 0.8m at Station 4 to 6'6m at Station 12'

Lawaleulachon were caught throughout the sampling period, but were not found at

all stations. The furthest upstream location that larval eulachon (n:3) were encountered

during the sampling period was Station 9, 1.4km from Yehring Creek and 12'6km

upstream from the start of the survey reach (river kilometer 43'6)' Table 1 gives the

distances between stations as well as the density of larvae on each sampling occasion'

Figure 7 shows changes in density of eulachon larvae, eggs and sculpin larvae during the

course of the study. Density of eulachon larvae generally decreased upstream from station

1 to 9, although densities were slightly higher at stations 4 and 5 than lower stations during

May. Densities were much higher at Stations 1-5 (0-5km upstream from the start of the

survey reach) compared to upstream stations (Stations 6 to 14). Densities declined steeply

between Stations 5 and 9 (between river kilometer 36 and43.6).

Densities of eulachon eggs decreased over the survey period with the highest

density occurring during the first survey at the end of May' Sculpin larvae were found at

all stations and densities increased over the survey period.



o\

UD

o

d
a

o
q)

b,

o
d
I
Iq,

d=
(D

Ot
q)

P
6

I

t:
(D

t
F
q,

0

0
UD

a
\o
q)

b!
?=



€t;l
EI
El
(,l
.crltlel
oc!
tr
o
C't!

l=
lo
lo
lollt
IEt:lz

tr
3
?
N

!

j
f.-t-
.t

o a
C

a @

$
a
C

sq
o

o-
f.-

d
o so

o o o o o o a a o o

o
0)
E.
oa
o
tl
a

Ilo
o
tr
=?

o,\ sc!
rt

a a lr,
lf)
(o

o,\o
Nto
o

s
a

(o
ro
C.i

o,
N
o

@

cfi

s
O)
ci

o o ac o o a a U'

o
?qr
N
t!

=

N

f-

@
sf
o

a o cf)o
d

cf,
c;

@
F.-
ci

N
d

a a- o o- o O)o
ci

a a o o o o

o

=Itt(\|

s
F*
d

$
i

(o
f.-
o

o
$
d

lro
c;

(o
o

cf,
cf,
o

@

ci
a o a ac a O a a o o o a

C
a a

C

>E6Xo-.gt o
60
Eg-(!
li t,
i5

q
o

G'
t eo

c?
o

tt,
o

g?

o
q
N

il, q
o

q
o

q
o

@
o

ro
o

u?
o a q

l
(0
(\l

@ q
ao

ro ro

E
95
EE!qcto
-yL
-fluo

cl
3

q
o et

(.o

t
ol
t

c!
lO

t\
ro

q
ctr

(0
o)

ol
o

oq
o

(0
N

q
N !

q
t

o oq
@

oq

N

a?
(q(\

@
+(\l

u?
(0(\

g
o
CL

C'
ooo

q,
cDt,
o
J

:
(E

5o
E
(J

oo

o

.9()
s
o
g't

!
o
Eo
oo
o
o

=

5
oo
(,
oc

o

0,
.z
tr

o

=

tt
G
o
;
o

(!
o

o
.z
tr
o
tr
G.-
(E

?-o

T
o
Eo
e
o
T'
tr
=oo

3
@o
(9

O
N
F*lr,q
cf)(o

so(o
CO
o,
c.t
cf)

F-s(O
o)
c"t
cf,

t-
@

cf,
O)
<"i
(r)

g)
(f)
N
c\,1
o,
d
(f,

Io
(f

o
Cf
(f

F-
Ns
O)
oq
cf,(a

CO
o)
cr)
Ir-
@
c"j
cf,

@
c.)s(o
@
c.t(a

o
@
@lr'
oq
cf)
CA

a(os(o
@
c.t
cf)

I
c0
rO
cr)
O
c.j
cfJ

(0
F-
F-
N
@
c.t
(f)

N
O)q)

@
c.t(a

g)
N
No
@
c"j
c.)

tr,
co
N
O)
F--

d
c.J

g,
(o
@
tr)
F.-
<"i
cr)

(o
(o

cr)
F-
c"j(o

s
O)
N
@
<q
cq(A

(f)

F-
F-t-q
cr)(.)

9)s
cr)
F.-q
cf)
CE

U'
rr)
N
tr)q
CO
cf)

z
ao
(.'

o
@
]r)
a
@
1r)

N
f--s
o,
$
d
tr)

st
F-
O)s
@
l.c)

@
rf)
o)
O)
a
@
tr)

rf)
O)

tr)
at
tr)

(o l-F-to(f)l@
Ol-
u? lu?
@l@
|f,lrf)

N
@
N
N
rf)
ci
rf)

c\
No
N
tr)
d
|f)

rf)o
lr)
tr)
cct
rr)

F-
(f)

@

q
@
lf)

u.cc
c\

(
lr

@(o

rO
d

vo
()
d
lr)

(f)

tr)
d
lr)

c!
N
@
N
rf)
co
rf)

rs

q(

(J])
f.-(.,
sf
tr)
d
rf)

o
CO
f.-
lf)
tr)
ct
rf)

I
(f)o
F.-
lr)
dlr)

cf)

@
|r,
d
ro

E
0
(E

o
N c, \t (? (9lN @ $

@
tt
@

(,
@

It
@

o
@ o, (g

o)
ll(tl o oo N (q t

{(\
6

\o
al
\o
r-.
a.l
in
LO(\
tn

0)

a

oq,

b0

o

*
(\
{)

{)

c)

-

q

o

o

9

q)

a

o

3



l6ay 21,2o0a

1234567
Statlon

I"
E!"
[.+
k

,,
o

May 29-30, 2OOa

10

E8
lu
o

Lo
I
E2z

o 'loB 1110

Extra samples at low flow
June 5-6,2008

g
oc
o
5
=o
g.

I
F
fz

15

10

5

0

't 1 1 2 5 6 7 A 8a 8b 8c 8d 9 9a 10 1oB'11

Statlon

June 12,2OO8

15

g
E
.910
o

8.

8-
52

0

I o"sn" 
I

I r cottio 
I

88b8d8e99a9b101oB
Statlon

nig"* ?. D"*ity 
"f "ulachon 

larvae and eggs and cottid (sculpin) larvae at each station'



Density of eulachon larvae at Station 1
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Figure 8: Change in density of eulachon larvae at Station 1 over the study period'

Figure 8 shows the change in density of larval eulachon at Station 1' The

estimated peak emergence was determined by the highest count and density of larval

eulachon at Station I and occurred on June 2 (n:591, estimated42larvae/m3). The

volume of this sample had to be estimated due to a flow meter malfunction' Peak

emergence occurred around the time of peak river discharge for the sampling period

(Figure 9) and after water temperatures had exceeded 47oF' Changes in water

temperature recorded every 15 minutes are shown in Figure 10. Water temperature

increased during the last week of May, then remained steady until June 7 when

temperatures diPPed again.

Across all sites, a total of 2,625IarvaI eulachon' 356 eulachon eggs' 332 coast'

range sculpin larvae (cottus aleuticus), 12 coast-range sculpin eggs and 106

unidentifiable larvae were collected (Table 2)'
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Table 2. Counts of eulachon (T. pacificus), coast-range sculpin (C. aleuticus'l and unidentifiable

larvae from the Taku River 2008.
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Discussion

Ichthyoplankton surveys were selected for this study over other methods due to

their ability to detect small spawning runs that might be missed by conventional fishing

techniques (gill nets or seine nets) on adults. Substantial numbers of eulachon larvae can

be caught in rivers and estuaries where no (or negligible) adult spawning is observed'

Furthermore, the duration of the presence of larvae in adjacent estuaries seems to occur

over a number of weeks, whereas the duration of spawning may be complete within days

(McCarter and HaY 2003).

The plankton net tows in the current study were confined to daylight hours for

safety and logistical reasons even though there is evidence that many larvae hatch at

night. The major consideration in any survey design is insuring adequate spatial and

temporal sampling coverage, fully utilizing available time and resources. over 26km of

the river was sampled on four occasions to determine the upstream limit of eulachon

distribution. Decreasing density of eulachon larvae in upstream samples suggest the limit

was close to Station 9, which lies 1.4km downstream from the mouth of the Yehring

River or at river kilometer 43.6. Only 3 larvae were found at Station 9 on one out of four

sampling events. These larvae were found during the estimated peak of larval outdrift'

Water temperature appeared slightly warrner' yet stable, which may have encouraged

emergence. Although spawning may have occurred further upstream, density of larvae

was too low to be detected at sites further upstream, suggesting only small patches of

spawning could be present. The greatest densities of larvae were recorded at Stations I

through 6, which lie between 4km downstream of the Taku Lodge and 1'4km upstream

near the mouth of Johnson Creek.

Exact river spawning locations, however, are difficult to determine by plankton

net surveys alone. According to McCarter and Hay (2003), the cumulative down river

effect of several separate spawning events within the same time period can often obscure

distribution patterns even with extensive spatial and temporal sampling coverage' The

densities of eulachon larvae might be expected to be higher at down river stations than up

river stations, however, up river sites can sometimes produce higher density estimates

immediately after hatching and are often charactetizedby the capture of large numbers of

embryonic eggs as well as very small, curled larvae (McCarter and Hay 2003)'



Counts of eulachon larvae in other studies have generally ranged from 0 to 3,000

larvae per 6 minute tow. Ninety-nine percent of Fraser River samples collected between

1995 and 2002 produced counts between 0 and 500 larvae per 6 minute tow (McCarter

and Hay 2003). The highest count of larvae in the current study was 591 during a 5

minute tow. Counts above station 5 were less than 100 on each sampling occasion. This

would suggest the limit of upstream distribution was being approached at Station 9.

The furthest ever upstream distribution of eulachon in the Taku system is thought

to be at Bull slough, near the Tulsequah River in canada, recorded during surveys

conducted by Alaska Dept of Fish and Game (Kisner, 1979, Pers. comm. Parisian)'

Migration this far upriver was noted only during exceptionally large runs, which occurred

approximately four times since 1979. Typically, spawning is focused in the lower river

around the Taku River Lodge. In recent salmonid smolt trapping (minnow traps) studies,

ADFG personnel have not captured eulachon adults above Canyon Island'

Eulachon embryonic egg and larval outdrift in the Taku River in 2008 appeared to

begin during the middle of May, peaked during the first week of June and declined by

mid-June. A small number of eggs were still being captured on June 12 suggesting a

protracted spawning period at the lower sites or they may simply have failed to hatch'

Given that eulachon larvae typically emerge four to six weeks after spawning in the

region, spawning likely took place around mid to late April, which matches closely with

the timing of marine mammal observations.

The data shows no apparent correlation between station depth and larval density.

Depth is dependent of river flow and varied over time at each station. Lawal density

appeared more dependent on station location upstream rather than water depth, but many

more sites would need to be sampled at different depths across the river at each station to

reveal any correlation with spawning and depth of water. In the Fraser River, British

Columbia, the deeper, swifter side margins were found to produce higher larval eulachon

densities than either mid-river or shallower, slower moving sides of the river despite

higher sediment loads (Hay and McCarter 2003). In BC, there is a connection between

spawning eulachon and certain rivers that have strong, spring freshets that drain major

glaciers or snowpacks (Hay and McCarter 2000).



Future studies would be beneficial in gathering information on the variability of

eulachon spawning distribution and timing between years. Sampling coverage could be

reduced as the patterns of several years of data are established and key representative

sampling sites are identified. Future studies could repeat sampling at stations 1,2,5,8,

gb, 8d, 9 and 9a as well as new sites between 9 and 9a to further pinpoint the upper limit

of distribution, and sites upstream to determine any spawning further upstream in future'

Ichthyoplankton surveys could also be designed to produce abundance estimates of

spawning eulachon biomass in the Taku system. Information could also be gathered on

the use of tributaries versus the main Taku River channel for eulachon spawning.

References

Barrett, B.M., Thompson, F.M., and Wick, S.N. 1984. Adult anadromous fish

investigations: May-bctober 1983. SusitnaHydro Aquatic Studies, reportNo'l' APA

document No.1450. Anchorage: Alaska Dept. Fish & Game'

Hart, J. L. (1973). Eulachon. Pacific fishes of Canada. Fisheries Research Board of
Canada, Bulletin 180: 148-150.

Hay, D.E and p.B.McCarter (2000). Status of the eulachon Thaleichthys pacificus in

Canada. Fisheries and Ocean Science Branch, Nanamio' B.C. Research Document

20001r45

Hearne, M. (1983). Identification of larval and juvenile smelts (Osmeridae) from

California and Oregon using selected morphometric characters. M.S. Thesis. San

Francisco State University, San Francisco, CA- 142p.

Lewis, A.F.J., McGurk, M.D. and Galesloot, M.G. 2002. Alcan's Kemano River

eulachon (Thaleichthys pacfficus) monitoring program I 988- 1 998. Consultant's report

prepared by Ecofish iteiearch Ltd. For Alcan Primary Metal Ltd., Kitimat, B'C' 136p'

McCarter, p. B., and D. E. Hay (1999). Distribution of spawning eulachon stocks in the

central coast of British columbia as indicated by larval surveys. PSARC P99-8,

48 p.

McCarter, P. B. and Hay, D. E.. 2003. Eulachon embryonic egg and larval outdtlft

sampling manual for ocLan and river surveys. Can. Tech Rep. Fish' Aquat' Sci' 2451:

33p.



Mecklenburg, c. w., T. A. Mecklenburg, and L. K. Thorsteinson (2002). Fishes of

Alaska. American Fisheries Society.

Moody, M.F. (2004). 2003. NuxalkNation incubation studies of the eulachon

(fnaiilcnt4s pacficus). NuxalkNation Fisheries Department, Bella Coola, British

Columbia.

Parente, W.D. and Snyder, G.R. 1970. A pictoral record of the hatching and early

development of the eulachon. Northwest Science 44(l)'

pedersen, R.K., U.N. Orr and D.E. Hay. 1995. Distribution and preliminary stock

assessment (1993) of the eulachon, Thaleichthys pacificus' in the Lower Kitimat, British

Columbia. Con. MS Rep. Fish. Aquat. 5c.2340: l-23'

Smith, W.E. and R.W Saalfeild (1955). Studies on Columbia River smelt, Thaleichthys

pacificus,(Richardson). Fisheries Research Papers l(3):2-23, Washington Department

of Fisheries, OlYmPia, Washington.

Spangler, p. e. f.iZtiOZy. rft" 
"cology 

of eulachon (Thaleichthys pacificus),onthe

Tweritymile River, Alaska. M.S. theiis, University of Alaska Fairbanks, p' 124

Triton Environmental Consultants. 1990. Life history of eulachon, Thaleichthys

pacificus,of the Kemano and wahoo Rivers, B.c. results of 1989 investigations' Draft

i"p"rt prepared for Aluminum Company of Canada LTD. Triton Ref: 2039lWP 3677'

51 p.

Vincent-Lang, D.S. and Queral, I. 1984. Eulachon spawning in the lower Susitna River'

Chapter 5. In: Aquatic habitat and instream flow investigations, May-October 1983'

Ediied by C.C. Eites, and D.S. Vincent-Lang. Susitna Hydrg Aquatic Studies, Report

No.3, Vol. 5. APA document No.1934. Anchorage: Alaska Dept. of Fish & Game' P'l-32

and appendices.

willson, M.F., Armstrong, R.H. Hermans, M.C. and Koski, K. 2006. Eulachon: A

review of biology and aniotated bibliography. Alaska Fisheries Science Center (AFSC)

processed Report 2006-I2,National Uarine Fisheries Service, Juneau, Alaska. 229pp'

womble, J.N., willson, M.F. Sigler, M.F. Kelly. B.P. and G.R.Van Blaricom' (2005)

Distribution of Stellar sea lions 
-Eumetopias jubatus in relation to spring -spawning fish

in SE Alaska, Marine Ecology Progress Series, Yol.294:271-282



(t
Fo

>,
(t
{)

+i

€
()

()

€
tr
(.)
()

F

(n

b0
o0
(,)

Q

F

€
C)

-

o

c)
(N

|ro
F

z
X

F
()

4
:i
oe

}E
EEo

t
aE
|l!

., .il

FEE€EE-N333 5 I 3 3 s 3 I I q q ; E E
ddoocioooooci o o ci o o o o o o o o o o

3€TE9e88338 3 R $ e 5 3 A e E q q q q
)ioct-ooooooo - o d o o o o o o o o o o

xsFg353P383 s I 3 5R s 3 AEE qqE
ridoctcidciciooo ts o o o o o o o o o o o c

iI
at

ol\':N9o -'rq\\ q ol I s I : !: I c\ o C | 9
Si:;:;'iNggg : N R " $ R 3 R il d N N N

E
t

ca\cl9T.r:i3: I I 3 : i 5 3 -c 5 : E 3 3

IHfrBg$$EE$$ F : P $ E E E $ F $ E I E

rtot.:oqac?qasq q a q \ q? a? q q q a c c! I|driot:dd.f -ri-o ar |o 6 $ o n 9q I 99 \t N F o,

RERBNeS+esR sE 5 P ; r $9 3 P $ 3 3

ItI
I

Ffi FgFHHESXE $ g 3 H g E $ E F H $ E E

t
IEf,.
l=Lt

a

Fo-N':oc?s,;Hg S 3 3 3 E : ; I 3 I S S I
RHEEmfi $;EF3 E E H H S R g R s ft fi F fr

3SEE6ED3ifrR E g HH$ R P E g g P S ;;3:3Sg33RXH b + id F i{ s ee 6 e :r o $ @FNooroo@-=- 5P g P S R R N R RN RN

.otr \r sr * o o$- $3'o - 3. .r, ro .rl S - - 3 -.
rO

E!
EF

E

Ei,

OOOOTOO-*NO O O OO O O O- O O O O

OOSOOnT(oNOO r O r O !t O - - r O O - O

3*9-c)-oo-oo P @ R - S o o o o o o o o

5sg$ooo,oooo 3 : E - R o o o o o o o o

$*fi*$fif $Ff f fi$EE$8EEgEEEEE
g

fi-*-!t6.otsocrPE - N .,, ro ts o o e p 
= 

S::
g,



(.)

o

X

C)
a.

!

og

>tl
=oEEo
o

t
ct
c
a

l1

ffi8tf q\sqEqEEEqE\N
I ; ;; ; ;; ; J J.; c; c; J J.; : d ci o o o o ct o ci o o o o ; o

r
1

:EEEqEE\€EE
I : ; ; ; ; ; ; : ; ; ; ; - - .; ; d ci d o d o ci o d o o o o .c' ;

q\ q{BRs+BRexBBBBQieuiEqEqEqE{q$n
: S : : 16 o c; ; d o ri o ci ci ci cj : + + ci o ci o o o o o o o o ft E

F-

E
E

c

NSEEFRE;Efr hRSRE;:FEiHERFS:*FHREtO)
rt co

: \ q.: C q9 n: -, C 3 q u'l d? I n o o No S ? o I 09 oqo? ?!il q -

{gEH$HEH$HEF$E$gUEgPH$gF$EE:HEE$ E

- N o, N o o @ c{ - n a q q c? q q I': q ot q a? q a? I c? \ 9 * 5 e 3 \
HSu;RFHR$Pg€$$$HPFSRR$H!E$FH5$+i N

*fi99E$gEEEEEEHEIH$$gEE:EERsd!FUg E

H5s
T

!.!at

RFFgHs$xg$gE*ft$$Rs$gqEFEEEEEHfrAa e
HH FidiiHheEEBssSesEEbBeauSSSEReeRs s

Nf -@.o\t-NFsEg93P5:5S535b$E:PISEFS E
iRNSSHEHSFg*FHFHbFHS*SHi{Ebibg$EB 3
6i: +oood= 6i eO: i{idi. id 6(9OEee36DE333V +R 3 F5 iD tn 6 io 6 o 6 o $ + s t t $ $ 6 ro o o n

o .', o ,', n n r', o o n o (r' o I', o $ s s o o o o (o i - i ; @ 6 6 rc
o (o-'

o

E!
tF

€

Fg

E

o
GI
3

30 00000000000000000000000000000000

e r, 6 ro $ o co .t i s s or I .o P s c'r or o S : R K I I P - o n a' F @

g
0s

S <' o or - (o c{ o)- o Nooo o } oD - (o N (o o o ooo o $ 
= 

I X R

Sg :R!.PS3-SNooooFeSeoFooooooggFRSR

f; gg gggggEEEggEEEgSEEEgEEgggEEfi FEEgE

t
€ - - - N ,rr (o F - 3 3 t I . E 3 $ - .'. o - I I 3 o E 3 P $ - - - - - -
6



Vol.294: 271-282,2OOs
MARINE ECOLOGY PR,OGRESS SERIES

Mar Ecol Prog Ser

Distribution of Steller sea lions Eumetopias jubatus

in relation to spring-spawning fish in SE Alaska

Jamie N. Womblel'4'', Mary F. Willsonl, Michael F. Sigler2, Brendan P' Kellyl'
Glenn R. VanBlaricoms

lschool of Fisheries and ocean Sciences, Universlty of Alaska Fairbanks, 11120 Glacier Highway, Juneau, Alaska 99801' UsA

2Naflonal Marlne Flsheries service, Alaska Fisheries science center, Auke Bay Laboratory, 11305 Glacier Highway. Juneau'

Alaska 99801, USA

3school of Aquatic and Flshery Sclences, Washington Cooperative Flsh and Wildlife Research unit'

university of washington, Mailstop 355020, seattle, washington 98195' usA

.presenl address: Nauonal Marine Fisheries servlce. Alaska Fisheries science cenler, Auke Bay Laboratory'

11305 Glacler Highway, Juneau. Alaska 99801' USA

ABSTRACT: Energetic demands are high for steller sea lions Eumetopias jubatus during-spring'

when females are pregnant and lactating-and males are preparing for extended fasts on breeding ter-

ritories. Therefore, we predicted that tie distribution of sea lions in SE Alaska in spring would be

influenced by the distribution of spring spawning aggregations of high-energy prey species (Pacific

herring Clupea pallasii and eulaihoJ rnaleicnlnyi pacificus)' The spatial distribution of sea lions

during spring reflected the distribution of spawning eulachon in northern Southeast Alaska, particu-

larly in Lynn canal and along the Yakutat forelands. Haulouts with peak numbers of sea lions in

spring were located ,igrrrifi"uiUy closer to eulachon spawning sites than haulouts that peaked at

other times of year. some haulouts were occupied onty auring ttle eulachon spawning period' The

maximum number of sea lions at haulouts in spring *ut itt t"ttLlycorrelated with the distance to the

closest eulachon aggregation and was positively-associated wilh lhe number of eulachon within

20 km. Aerial surveys conducted every 7 to 1O d during March through May in 2002 and 2003

revealed large numbers of sea lions in the water at herring spawning sites in 2002 and 2003; however'

there were no significant relationships between the numbei of herring spawning sites and number of

sea lions (except at distances >60 km). The number of sea lions was greater at herring spawning sites

in 2003, corresponding to higher herring biomass. seasonally aggregated, high'energy prey species

influence the seasonal distribution of sea lions and may be critical to their reproductive success'

KEYwoRDS:stellersealion.Eumetopiasjubatus.Pacificherring.Clupeapallasii.Eulachon'
Thaleichthys pacificus ' SE Alaska ' Forage fishes ' Spawning aggregations

Resale or republication not permitted without witten consent of the

INTRODUCTION

The distribution and abundance of a species is influ-

enced by many abiotic and biotic factors of the environ-

ment, including the distribution and abundance of prey'

Seasonal changes in prey resources are common, but

those at predictable times and locations may be espe-

cially important to predators. Seasonally aggregated

prey resources can inJluence timing of breeding cycles,

ieproductive rates, body size, group size, and distribu-

' Email: j amie.womble@noaa. gov

tion of predators (Payne et al. 1986, Hansen 1987'

Mehlum et al. 1996, Ben-David 1997, Hilderbrand et al'

1999, Skov et al. 2000, Swartzman & Hunt 2000' Heyman

et al. 2001, Blundellet aL 2002, Macleod et al' 2004)' For

most mammalian species, good body condition is critical

during the energetically-demanding phases of breeding

and lactation (Robbins 1983, Gittleman & Thompson

1988), and the availability of aggregated high-energy
prey may be important in achieving good body condition

and ultimately in reproductive success'

@ Inter-Research 2005 ' www.int-res.com
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Costs of lactation for females and energetic costs

associated with territorial maintenance for males are

critical facets of the reproductive biology of pinnipeds'

Lactation is the most costly aspect of mammalian

reproduction (Gittleman & Thompson 1988), and dif-

ferences in the length of the lactation period and off-

spring dependency among pinniped species are prob-

ably related to the amount of energy that each species

is able to store prior to parturition (Costa 1993)' For

Steller sea lion Eumetopias jubatus females, foraging

trips continue throughout a protracted lactation period

that may range from less than 1 to 3 yr (Pitcher &

Calkins 1981). Energy requirements of dependent

pups increase during late lactation, thus increasing the

energetic demand upon the female (Oftedal et al'

1987). Steller sea lions depend upon the marine envi-

ronment for foraging, and they use terrestrial sites for

birthing, caring for young, resting, and avoidance of

aquatic predators (Bartholomew 1970, Bonner 1984)'

Thus, they are central-place foragers (Orians & Pear-

son 1977) while their pups are land-bound.
Productivity in the marine environment varies sea-

sonally (Laws et al. 1988), and seasonally predictable

aggregations of prey may provide an important con-

centration of food for predators' Pacific salmon Onco-

rhynchus spp. are energy-rich anadromous fishes that

spawn in rivers along the North Pacific rim (Groot &

Margolis 1991), attracting numerous avian and mam-

malian predators (Willson & Halupka 1995, Willson et

al. 1998, Gende et al' 2001). Also important are other

energy-rich fishes, such as Pacific herring Clupea pal-

lasii, capelin Mallotus villosus, Pacific sand lance Am-

modytes hexapterus, northern lampfish Stenobrachius

leucopsarus, and eulachon Thaleichthys pacificus' All
these fish species occur seasonally in the diet of Steller

sea lions in Alaska (Pitcher 1981, Merrick et al' 1997,

Sinclair & Zeppelin 2002, Winship & Trites 2003), but

little is known about their life history, spawning pat-

terns, and distribution in Alaska, with the exception of

herring (Rounsefell 1930, Rounsefell & Dalgreen 1935'

Carlson 1980). These seasonally abundant, energy-rich

forage fish are critical to the biology of many predators

(Springer 1992, Byrd et al' 1997, Skov et al' 2000'

Bishop & Green 2001, Litzow et al.2002, Marston et al'

2002, Rodway et al. 2003). Of the several species of for-

age fishes, extensive information is available only for

Pacific herring and eulachon spawning sites in SE

Alaska, and this study focuses on these species'

Although several previous observations have noted

pinnipeds aggregating at concentrations of forage

fishes in the north Pacific (Bigg 1988, Gende et al' 2001'

Marston et al. 2002), no studies have specifically ad-

dressed the possible ecological importance of ephem-

eral concentrations of energy-rich prey fishes as it re-

lates to Steller sea lion life-history. Spring spawning

aggregations of forage fishes may be important to

Steller sea lion ecology for several reasons' First, ener-

getic demands are high for sea lions during spring

when females are pregnant and lactating and males are

preparing for extended fasts on their breeding territo-

ries (Winship et al.2002, Winship & Trites 2003)' Sec-

ond, spring spawning aggregations generally occur at

relatively predictable sites and times. Third, herring

and eulachon are densely aggregated in spring and are

high in lipid content and energy density (Perez 1994'

Anthony et al. 2000, Iverson et al. 2002)' Therefore,

spawning aggregations of eulachon and herring may

be of substantial seasonal significance to the nutrition

and energy budgets of sea lions when energy demands

are at a peak. Under the hypothesis that aggregations

of spring-spawning forage fishes are important to the

reproductive ecology of Steller sea lions in SE Alaska

(SEAK), we predicted that the spatial distribution of sea

lions in spring would reflect the distribution of such eu-

lachon and herring aggregations.
The objectives of this study were to provide insight

into the seasonal foraging ecology of sea lions by (1)

determining the seasonal distribution of sea lions at

haulouts in spring, (2) documenting the numbers of sea

lions at spring spawning aggregations of herring and

eulachon in SE Alaska, and (3) relating the distribution

of sea lions to herring and eulachon aggregations'

Specifically, we tested the following predictions: (1)

Haulouts with peak numbers of sea lions in spring are

closer to herring and eulachon aggregations than

haulouts with peak numbers at other times of year;

(2) the number of sea lions at haulouts in spring is

inversely correlated with the distance to the closest

herring and eulachon spawning aggregation; (3) the

number of sea lions at haulouts in spring is correlated

with the number of herring and eulachon spawning

aggregations within a limited radius based on foraging-

trip distances of sea lions; (4) the number of sea lions

observed at spawning aggregations is correlated with
the estimated biomass of spawning fishes'

MATERIALS AND METHODS

Seasonal distribution of Steller sea lions: monthly

aerial surveys. Steller sea lions at 25 terrestrial haul-

outs in northern Southeast Alaska (NSEAK) (Fig' 1)

were counted from an airplane monthly from March

2001 through December 2002 to assess their seasonal

distribution and use of haulout sites' Surveys were

conducted from a floatplane (Cessna 206) with an

experienced survey pilot between 10:00 and 16:00 h

(Withrow 1982) and within 3 hr of low tide, weather

permitting. The observer-photographer sat in the front

right-hand seat and photographed sea lions on shore
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Fig. l. Eumetopiasjubatus. Haulout sites surveyed monthly in SE Alaska and 2 sites
on Yakutat forelands surveyed only in spring

through an open window from an altitude of 250 to
300 m at a speed of 183 to 210 km h-1. Along the Yaku-
tat forelands, 2 haulout sites were surveyed, between
February and May only, by the US Forest Service (Bill
Lucey, Yakutat Ranger District, Yakutat, Alaska, pers.
cornm.l

Photographic slides of haulouts were taken using a
35 mm auto-focus carnera (Nikon 80085) equipped
with a 70 to 210 mm zoom lens and an auto-focus digi-
tal camera (Nikon D1X) equipped with a 70 to 300 mm
zoom lens, Overlapping photographs were taken if
more than 1 photograph was needed to count sea Uons
at each haulout.

The clearest slide image was projected onto white
paper, and each sea lion was marked and counted
twice by an experienced counter using a hand-held
tally counter. Digital photographic images were stored
on digital media cards and later downloaded to a com-
puter. The clearest digital image of each group was
imported into geographic information system (GIS)
software and each image was counted twice.

Number of Steller sea lions in water at eulachon and
herring aggregaHons. During the spawning season of
herring and eulachon (March to May) in 2002 and 2003,
we counted sea lions visible on the surface of the water

at spring spawning aggregations of
Pacific herring and eulachon (Fig. 2).
Aerial surveys were conducted as for
monthly surveys, but at an altitude of
316 m.

During 2002, Pacific herring and
eulachon spawning sites in NSEAK
were surveyed 3 to 5 times during
the spawning season at approxi-
mately 7 to 10 d intervals; however,
sites south of Sumner Strait in south-
ern SE Alaska (SSEAK) were sur-
veyed only once. During 2003, all
sites in NSEAK and SSEAK were
surveyed 3 to 5 times. We attempted
to enumerate all sea lions at herring
and eulachon spawning sites; tran-
sects were flown parallel to the
shoreline approximately 200 m off-
shore. When sea lions were detected
at the surface of the water, we cir-
cled them and took photographs, If
sea lions were diving (a dive usually
lasts from 60 to 90 s), we circled until
all sea lions were at the surface.
For eulachon spawning sites, we
surveyed the entire shoreline of the
estuary/bay associated with the river
where eulachon spawn. For herring,
the entire shoreline associated with

herring spawn was surveyed. We assumed fishes were
present if we observed (1) commercial and/or sub-
sistence fishing activity, (2) fish schools, (3) spawn/milt
on the surface of the water (for herring only), or (4)
presence of avian predator aggregations.

Geographical ecology: geographical information
system (GIS) database. To synthesize the geographical
ecology of Steller sea lions, herring and eulachon, all
known current sea lion haulouts in the study area were
compiled from observations and a database from the
National Marine Fisheries Service. Location and tim-
ing of herring and eulachon aggregations were
obtained from Alaska Department of Fish & Game and
unpublished sources. These data were incorporated
into a database and imported into a GIS software pack-
age. A map was created with coverages of Steller sea
lion haulouts (Fig. 1), herring spawning locations, and
eulachon spawning locations (Fig. 2).

The GIS database was used to determine the dis-
tance between SteUer sea lion haulout sites and Pacific
herring and eulachon spring spawning sites. In partic-
ular, we determined (1) swimming distance from sea
lion haulouts to the closest eulachon and herring
aggregation; (2) number of herring and eulachon
spawning aggregations within a swimming distance of
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Fig.2. Clupea pallasij and Thaleichthys pacificus'saawning sites surveyed during

spring 2002 and 2003

(K. Hebert, unPubl. data, Alaska De-

partment of Fish and Game)' The

spawn deposition methods combined

SCUBA diver estimates of herring

egg deposition, estimates of total area

receiving spawn, and average fecun-

dity to derive an estimate of herring

spawning biomass (Pritchett &

Hebert 2003).
Biomass data were not available

for eulachon sPawning sites in
SE Alaska, with the exception of

Berners BaY (Sigler et al' 2004)'

Statistical analyses. For parametric

analyses, data were square root-trans-

formed when theY did not meet equal

variance and normality assumptions of

analysis of variance (ANOVA) (Zar

1999), A Spearman rank-order corre-

lation coefficient (Siegel & Castellan

1988) was used to determine the asso-

ciation between (1) the maximum

number of sea lions and the minimum

distance to eulachon and herring ag-

gregations and (2) the number of for-

age fish aggregations within desig-

nated distances of sea lion haulouts'

To determine if the sea lion count

data were spatially auto-correlated,
we examined whether nearbY haul-

20, 40, 60, 80, and 100 km' These distances were based

on the range of distances that sea lions may travel on a

foraging trip from a haulout (Merrick & Loughlin 1997'

Loughlin et al. 2003, Raum-suryan et al' 2004)'

Se-asonal haulout classitlcation' The seasonal use of

haulouts was determined by examining the monthly

counts of Steller sea lions' We classified haulouts ac-

cording to seasonal patterns of occupation' Some haul-

outs peaked in more than 1 season' A peak in number

of sea lions was defined as a count that was at least

80 % of the maximum count of sea lions at a haulout for

that year. We also tried values of 70 and 90% of the

madmum count of sea lions, and found little difference

in the outcome' Seasons were defined as winter

(December to February), spring (March to May)' sum-

mer (June to August), and fall (September to Novem-

ber). The haulouts were classified as Spring Peak

Haulouts (peak numbers of sea lions during spring)'

Spring Ephemeral Haulout (only occupied by sea lions

auring springl, other haulouts (peak numbers of sea

lions in sunrmer, fall or winter).

Fish biomass estimation. Herring biomass was de-

termined from spawn deposition surveys in areas in

which commercial herring fisheries were monitored

during the spring-spawning season oL 2002 and 2003

outs were more closely related than distant haulouts (e'g'

Sullivan 1991). Data on maximum sea lion counts were

examined for both 2002 and 2003' For all pair-wise com-

binations of haulout locations, the squared difference of

maximum sea lion count and the inter-pair distance were

computed. The squared difference was averaged by a 10

nautical mile (n mile) length interval (the variogram) and

plotted versus inter-pair distance' Distance between

Laulouts was not a significant predictor of the average

squared difference between maximum sea lion counts'

Therefore, we concluded that the sea lion count data

were not spatially correlated at the scale of the 10 n mile

length intervals (2002, linear regression, p = 0'47' df = 9i

2003, linearregression, p = 0.90, df = 9)'

RESULTS

Seasonal distribution of Steller sea llons

The distribution of sea lions at haulouts varied sea-

sonally. Some sea lion haulouts were only occupied

seasonally, whereas other sites were occupied year-

round but with peak numbers of sea lions during

certain seasons (Table 1, Fig. 3)'
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Location 20ol 

-

Max. Mean SD

2002-
Max. Mean SD

Alseku ?70 (APr) 326'9 272'7

Dorothyu 15 (MaY) 1'5 4'7

Berneri Bayu 13 (APr) 1'08 1'08

cran Point 850 (MaY) 323.2 351'2

Mist 371 (MaY) 71'33 118'3

Met Point 129 (MaY) 30.3 46'l
South Marble Island 746 (Aprl 422'77 199'9

Sunset Island 706 (Jul) 246'88 264'5

GravesRocks 1114 (Aug) 551.88 359'9

Benjamin lsland 79? (Oct) 248.66 243'2

Round Rock 42 (Oct) l4'4 16'2

Point Lull 266 (APr) 78.22 90'9

Sunset Point nc nc nc

Southwest Brothers 1283 (Aug) 483'25 355'3

Yasha Island 769 (Aug) 283 204'6

Saillsland 644 (Aug) 279'25 249'0

Tenakee Cannery Point 182 (Oct) 34.6 60'8

Circle Point 286 (Oct) 76'88 104'8

Turnabout Island 181 (Oct) 27 '75 62'7

West Brothers 421 (Oct) 74 l5t'2
NW Inian Island 291 (Oct) 126.77 81'7

Rocky lsland 255 (Oct) 93.5 96'1

Point Carolus 114 (Oct) 19.8 38 7

Point League 50 {Mar) 6'55 16'4

Little Island 3?6 (SeP) 116'3 178'2

Funter Bay 44 (Feb) 11'38 5'06

ahaulout occupied only during spring

1347 (APr)
283 (Apr)

0
1087 (Apr)
319 (APr)
221 (Nov)
791 (Oct)
740 (May)

1218 (Jul)
747 (Dec)

63 (Oct)
218 (Mar)
229 (Apr)

1752 (Aug)
1664 (Jul)
1124 (Sep)

251 (Dec)
240 (Oct)
187 (Oct)
291 (Dec)
345 (Jut)
385 (Oct)
278 (oct)
364 (Dec)
685 (Sep)
40 (Jan)

779.O 502.0
27,71 20.39
00

390.42 404.9
75.78 100.1
59.62 74.5

468.83 20r.4
27t.O6 233.8
513.75 354.3
268.16 252.8
32.38 2r.8

101.4 g2.o

53.64 81.8
544.07 424.L
324.2t 445.6
281.07 385.9
55.21 82.2
60.68 84.0
27.75 62.6
66 109.9

L29.5 90.4
121.46 110.6
30.15 77.l
59.07 109.8
62.6 182.6
10 18.3

Table 1. Eumetopias jubatus. Maximum (max'), mean' and standard deviation of

counts of Steller sea lions at haulouts in NSEAK' nc: no count
Prediction 2: number ol sea lions

versus distance to closest forage

flsh aggregation. The maximum

number of sea lions at haulouts in
spring was inverselY correlated
with the distance to the closest for'
age fish aggregation (herring and

eulachon combined) onlY in 2002

(2002: r, = -0,43, n = 25,P < 0.025;

2oo3: r" = -0.18, n = 25, o'10 < P <

0.25 (Fig. 5). Although, there was no

significant association in 2003'

there was a similar trend to that in
2002. The maximum number of sea

lions at haulouts in spring was cor-

related between 2002 and 2003 (r2 =

0.60, F1,23 = 35.13, n - 25' P < 0'05)'

When analYzed seParatelY the

correlation of sea lions with dis-

tance to eulachon aggregations
was marginally significant tn2OO2

but not in 2003 (2002 t" = -0.31'
n = 25,0.05 < p < 0'10; 2003: r" =

-0.18, n = 25,O,lo < p < 0.25). There

was no signiJicant correlafon
between the maximum number of

sea lions at haulouts in sPring and

distance to herring aggregations
(2002: r"--0.06, n=25, P>0'25;
2003 r, = 0,16, n = 25, 0'10 < P <

0.25).

Spattal relationshlps between sea lion haulouts and

forage fish aggregations

Prediction 1: haulout type versus dlstance to closest

eulachon and herring aggregatlon. Spring peak haul-

outs were located significantly closer to eulachon

spawning sites than haulouts that peaked at other

times of year (ANOVA, 2001: Fr,zz = 5'92, p = 0'024i

2oo2: F1,23 = 8'13, p = 0.009)' Spring peak haulouts

were located on average 28.0 + 9,01 km from the clos-

est eulachon spawning site (Fig. 4). Spring ephemeral

haulouts at Berners Bay, Alsek, Akwe, and Dorothy

were occupied only in spring near eulachon runs'

Haulouts that peaked at other times of year were

located on average 70.63 t 6.95 km from the closest

eulachon spawning site (Fig, 4). However, the distance

to herring spawning sites was not significantly differ-

ent between spring peak and other peak haulouts

(ANOVA, 2O0L: F1,22= l'25i P = 0'28; 2OO2: Fl22= 0'73'

P = 0.401). Spring peak haulouts were located on aver-

age 37,4 t 7.6 km from the closest herring spawning

site whereas haulouts that peaked at other times of

year were located 26.33 + 3.64 km from the closest

herring spawning site (Fig. 4).

Prediction 3: number of sea lions versus number ol

eulachon and herring aggregations. The maximum

number of sea lions at haulouts in spring was positively

associated with the number of eulachon and herring

(combined) spawning sites within 20 km in 2002 and

2oo3 (2002: rs = 0'56, n=24, p < 0'0025; 2003: r" =o'42'
n = 24, p < 0.025) (Table 2)' However, this relationship

reflects only an association with eulachon spawning

sites, because there was little association with the

number of herring spawning sites except at distances

greater than 60 km (Table 2).

Steller sea lions in water at spring-spawning fish
aggregatlons

The sea lions in the water during spring at the

spawning aggregations of herring and eulachon were

counted. The numerical response of sea lions to eula-

chon spawning sites was much greater in NSEAK than

in SSEAK. Eulachon spawning sites in NSEAK at Bern-

ers Bay, Lutak Inlet, and Taku Inlet attracted over 200

sea lions during the spawning season in 2002' The

number of sea lions peaked at Taku Inlet (235 sea
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Fig.3. Eumetopias iubatus' Haulouts where numbers of sea lions ashore peaked in

ZO"O1 and ZOOZ in relation to spawning locations of eulachon and herring in
SE Alaska

lions) on April 10, at Berners Bay (949 sea lions) on

April 18, and at Lutak Inlet (506 sea lions) on April 29'

2002. The maximum number of sea lions observed at

Berners Bay, Lutak Inlet, and Taku Inlet was greater in

2002 than in 2003. During 2003, only Berners Bay and

Taiya Inlet attracted over 200 sea lions' In SSEAK, the

only sea lion aggregation detected at an eulachon

spawning site was a group of 25 sea lions observed at

Bradfield Canal (Fig. 6).

Sea lions attended herring spawning sites in NSEAK

and SSEAK. At most herring spawning sites, the maxi-

mum number of sea lions observed was greater in 2003

than in 2002, corresponding to higher herring biomass

at 4 of the spawning sites (Fig. 7). Herring spawning

sites at Craig, Sitka, and Seymour attracted more than

200 sea lions in both years. Tenakee, Hoonah Sound,

and Hobart herring spawning sites had 50 to 199 sea

lions present (Fig. 7A).
Prediction 4: number of sea lions versus herring bio-

mass. Although sea lions were recorded in the water at

herring spawning sites in NSEAK and SSEAK, the corre-

lation between the maximum number of sea lions

(square-root) and the (log) biomass of herring was only

marginally significant (r2 --0.23, n = 14, P = 0.08) (Fig' B)'

dependent pups to conserve travel energy and allocate

more resources to pups (Boyd 1998). In addition, using

haulout sites close to rich prey resources may allow

dependent young to accompany their mothers to sea'

DISCUSSION

Sea lion distribution in relation
to eulachon sPawning sites

The spatial distribution of sea lions

during spring clearly reflects the dis-

tribution of sPawning eulachon in
NSEAK, particularlY in LYnn Canal

and along the Yakutat forelands'

Sea lions were concentrated near

spawning runs and in areas with a
high densitY of sPawning runs. In
some cases, haulouts (i.e. Alsek'
Dorothy, Berners BaY and Akwe)
were occuPied onlY during the time

of a nearby eulachon sPawning run'
Similarly in British Columbia at

Sands Head near the mouth of

the Fraser River, sea lions were ob-

served only in sPring between late

March and late MaY from 1978

to IgB2, which coincided with
eulachon entering the Fraser River

to spawn (Bigg 1988).

The concentration of sea lions in
these areas reduced the travel dis-

tance to the sPawning runs and thus

decreased foraging costs for sea

lions, Use of haulouts close to rich
prey resources allows females with

Spring peak Other Peak Spring peaK
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In Lynn Canal on APril 18' 2002' aP-

proximately 4% (949 sea lions) of the

estimated sea lion population of SE

Alaska was observed in Berners BaY

at a eulachon spawning aggregation.
On the same daY there were an addi-

tional 1244 sea lions at the 3 haulout

sites in Lynn Canal within 60 km of

Berners Bay. It is probable that sea

lions using these haulout sites during
this time period are also visiting the

eulachon sPawning aggregation at

Berners Bay and so may account for as

much as 10 % of the estimated sea lion
population in SE Alaska (Sigler et al'

2004). On APril 21, 2003, 5.5 % of the

estimated sea lion population of SE

Alaska was found at Berners BaY and

at haulouts within 60 km (Sigler et al.

2004). The total number of sea lions

attending the runs may be consider-
ably larger. It is likely that there is

turnover in the number of sea lions

visiting the eulachon spawning sites'

as they may return to haulouts to
provision their PuPs'

Although sea lions were numerous at eulachon

spawning sites in NSEAK, few were detected at eula-

chon spawning sites in SSEAK. There are several pos-

sible explanations for this. Eulachon runs in SSEAK

may not be as large as those in NSEAKi however, there

are currently no data available for eulachon biomass in

SE Alaska, with the exception of Berners Bay (Sigler et

al. 2004), In addition, some bays in NSEAK have more

than one river used by spawning eulachon, and thus

potentially a greater concentration of eulachon for

predators to exploit' In some areas such as Berners

Bay, additional forage fish species including Pacific

herring and capelin spawn in the bay during spring'

Finally, in some areas in British Columbia near the

southern border of SSEAK, the size of eulachon

spawning runs has decreased and industrial trawl fish-
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Fig. 5.
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Distance to closest forage fish aggregation (km)

Eumetopias jubatus. Scatterplot of maximum number ol sea lions at

haulouts in spring in relation to closest forage fish aggregation

as the average distance traveled by sea lion pups less

than 9 mo olds was S15 km in SE Alaska (Raum-

Suryan et al. 2004).

Use of haulouts closest to spawning runs also permits

better tracking of the arrival and departure of the tem-

porary and localized prey. The pulsed nature of eula-

chon runs makes the spawning period difficult to

detect, and sea lions move to haulouts and raft in areas

close to eulachon sPawning sites.

However, as evident from Fig. 5, some haulouts were

not located close to spawning runs, thus suggesting

that some sea lions are not responding to the runs'

They may be exploiting other unassessed prey re-

sources. It is also possible that non-breeding individu-

als are less likely to capitalize on spawning runs than

breeding individuals'

Table 2. Eumetopias juDafus. Spearman rank correlation coelficients between number of forage fish aggregations (eulachon and

herring) at designated distances and the maxirnum number of sea lions at haulouts in spring of 2oo2 and 2003. All FFa: all forage

fish aggregations, i'e. eulachon and herring combined

Distance 

-Eulachon-

(km) 2Oo2 2003 -.- 
Herring --

2OO2 2003
--- AII FFa _--

2OO2 2003

0-20 0.44 <0.025 0.26 <O.25

0-40 0.31 <0.10 0.t7 <o.25

0-60 0.0s >0.25 -o.23 <0'25
0-80 0.05 >o.25 0.01 >0.25

0-100 -0.06 >0.25 -0.09 >0.25

0.32 <0.10 0.26
0.01 >o.25 -0.11

-0.32 <0.10 -o.23
-0.36 >0.05 -0.46
-0.38 >0.05 -0.39

<o.25 0.56 <0.0025
>o.25 0.33 <0.10
<0.25 0 >0.25
<0.025 -0.09 >0.25
<0.05 -0.18 <O.25

o.42
0.14

-0.01
-0.15
-o.24

<0.025
< 0.25
>o.25
<o.25
<o.25
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of occurrence; n = 678 scat sam-
ples) (Womble & Sigler unpubl.
data). The importance of herring in
the diet of sea lions throughout the
fall and winter in some areas may
explain the lack of observed asso-

ciations between sea lion numbers
and herring spawning sites. If
sea lions are exPloiting herring
throughout the winter, it maY
not be advantageous to change
haulout locations during the
spring spawning season, since
herring form high-densitY aggre-
gations during fall for uP to 6 mo of

the year (Thomas & Thorne 2001)'
Although the energy densitY and
fat content of herring decreases
in spring prior to the sPawning
season (Paul et al. 1998), herring
are still higher in energY content
than other species such as Pollock
(Iverson et al, 2002).
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Eulachon spawning areas

Fig.6. Eumetopias jubatus. Maximum numbers in the watel at eulachon spawning sites
in SE Alaska in 2002 and 2003

eries have been developed (Hay et al. 1996) that have

the potential to diminish the biomass of fish available
to predators.

Sea lion dlstribuflon ln relation to
herring spawning sites

In contrast to the observed responses to eulachon
runs, sea lions were not observed to congregate at
haulouts near herring spawning aggregations. How-
ever, large numbers of sea lions were observed in the
water at herring spawning sites in 2002 and 2003'

although there were no significant relationships be-

tween the number of herring spawning sites and num-
bers of sea lions except at distances >60 km, which is
probably not biologically meaningful. These concen-

trations of sea lions were associated (marginally signif-
icant) with estimates of herring biomass, Furthermore'
annual differences in the number of sea lions observed
corresponded to annual differences in herring biomass,
particular\ in some locations (Sitka Sound, Craig'
Hoonah Sound and Hobart).

Herring appear to be an important prey resource for
sea lions in spring, as evidenced by the number of sea

Iions counted in the water at herring spawning sites, but
they are important in fall and winter in some areas
(Thomas & Thorne 2001). Herring was the most frequent
prey item in sea lion scat during winter at Benjamin
Island in SE Alaska, from 2001 to 2003 (88.9 % frequency

Other seasonal PreY resources

Other seasonal prey species, such as Pacific salmon,
provide high-energy resources at other times of year

and may influence the distribution of sea lions. For

example, the total number of sea lions in Frederick
Sound increased during July, August, and September
(J. Womble unpubl. data) and coincided with the return
of pink salmon Oncorhynchus gorbuscha to the area'

Frederick Sound is one of the main migratory corridors
for pink salmon returning to SEAK spawning grounds

in July and August (Heard 1991). Energy densities of
salmon are higher after oceanic feeding than after entry
into fresh water (Hendry & Berg 1999), thereby provid-
ing seasonally available high-energy prey to sea lions.

Detecfing seasonal pulses in sea lion
distribuEon and dtet

Although seasonal changes in the distribution and
abundance of sea lions have been documented (Bonnot

1951, Bartholomew & Boolootian 1960, Kenyon & Rice

1961, Mathisen & Lopp 1963, Smith t972, Mate 1975,

Harestad 1977, Sullivan 1980, Calkins & Pitcher 1982,

Bigg 1988, Sease & York 2003), previous efforts have fo-

cused predominantly on the breeding season. Docu-
menting the abundance of Steller sea lions in the

breeding season is important; however, elucidating
seasonal shifts in abundance and distribution is also im-
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Fig.7. Eumetopias iubafus and Clupea pallasii' (A) Maximum numbers of
sea lions in the water and (B) estimated herring biomass at herring spawn-
ing sites in SE Alaska in 2OO2 and 2003' Herring biomass data pro-
vided by Alaska Department of Fish and Game, Division of Commercial

Fisheries, Alaska

monly detected prey species in sea lion
scat during the breeding season (Merrick
et al, 1997, Sinclair & Zeppelin 2002), and
dietary studies during the breeding sea-

son would not reflect the seasonal impor-
tance of eulachon. At Benjamin Island,
eulachon were found in only 8.6 % of scat

samples collected quarterly from 2001 to

2003; however, their frequency was

greatest in April (19.0% frequency of oc-

currence; n= I52 scat samples) and corre-
sponded to the spring-spawning season of

eulachon (J. Womble & M. Sigler unpubl'
data). Furthermore, when Steller sea lions
aggregate at the eulachon and herring
spawning sites in spring, they do not re-
turn to haulout sites regularly but often
raft up, rest, and defecate in the water
near the spawning site, so even weekly
scat collection at haulouts during the
spring may not reflect the importance of

this seasonally pulsed prey in the diet' In
addition, prey species with small otoliths'
such as eulachon and capelin, may be un-
derestimated in the diet when consumed

together with large species such as pol-
lock (Tolitt et al. 2003). Thus, scat collec-
tions should be used in combination with
other methods such as fatty acid (Iverson

et al. 1997) and stable isotope analysis
(Kurle 2002) and should be conducted fre-
quenfly enough to determine the pres-
ence of seasonally pulsed prey, such as

eulachon.
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portant as it relates to life-history character-
istics of sea lions and their prey species. The
availability, concentration, and energy den-
sity of prey species changes seasonally, so

some fish species may be more valuable to
exploit than others at particular times of year
(Jangaard 1974, Montevecchi & Piatt 1984,

Mirtensson et al. 1996, Iverson et al, 2002).

Furthermore, data on seasonal shifts in sea

lion abundance are important in furthering
our understanding and interpretation of an-

nual trends in the abundance of sea lions
(Bisg 1988).

Traditional methods of determining the
presence of prey species in pinniped diets,

such as scat analysis, may not be su-fficient to

detect pulsed prey resources, Eulachon
probably comprise an important prey species

for sea lions in spring but they are not a com-

Log herring biomass (metric tons)

Fig. 8. C/upea pallasii. Scatterplot of ilog) herring biornass in relation to

{square-root) maximum number of sea lions Eumetopias jubafus at
herring spawning sites in SE Alaska for 2002 and 2003
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Impllcations of spring-spawning tish aggregations
for Steller sea lions

To meet the energetic demands of the costly otariid
reproductive strategy, using haulouts that are close to
high-density, high-energy prey resources is advanta-
geous during spring, an energetically demanding time
for sea lions. Foraging at spring spawning fish aggre-
gations should allow Steller sea lion males to arrive at

rookeries in good body condition. Larger, more fit
males are likely to successfully defend territories for
longer periods of time (Boyd & Duck 1991) and mate

with more females, thus increasing their reproductive
success (Bartholomew 1970), Females nursing a de-

pendent pup may need to consume twice the ener!ry
that a female without a pup would require (Winship et

al. 2OO2) and may be pregnant and simultaneously
nursing a pup during spring. Good body condition for
females prior to the breeding season is critical for sea

Iions to give birth to healthy pups and to have the abil-
ity to nourish their young for an extended lactation
period. Pitcher et al. (1998) found that the probability
of a female sea lion being pregnant during late gesta-

tion was positively related to body condition, including
mass and blubber index. Thus access to high-energy
prey resources during late gestation may be critical for
successful reproduction in female sea lions. Ultimately'
seasonally aggregated, high-energy prey species, par-
ticularly eulachon, influence the seasonal distribution
of sea lions in some areas of SEAK. To further our
understanding of the importance of seasonally pulsed
resources to sea lion life history, it will be necessary to
examine body condition, foraging costs, and fitness

directly.
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