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Tracking Seasonal Movements of Adult Pacific Herring in Prince William Sound
Exxon Valdez Oil Spill Trustee Council Project 14120111-B
Final Report
Study History: For this study a detailed project description was approved for funding by the
Exxon Valdez Oil Spill Trustee Council in October 2011. Initially Sean Powers of University
of South Alabama was a co-Principal Investigator but was unable to participate in the project,
leaving Mary Anne Bishop as the sole Principal Investigator. Fieldwork for the project began
in November 2011 when we refined our tagging methodology on a small sample of wild
Pacific herring (Clupea pallasii) captured at Port Gravina. Based on the November 2011
results, efforts were redirected to tag herring in spring on the spawning grounds. In April
2012 and again in April 2013 we captured, acoustic-tagged, and released pre-spawning
herring at Port Gravina. The Ocean Tracking Network, a series of six underwater acoustic
arrays located at the major entrances between Prince William Sound and the Gulf of Alaska,
were installed in March 2013. Data from the acoustic tags deployed at Port Gravina in April
2013 were uploaded from the Ocean Tracking Network in 2013 and 2014. This is the final
report on activities conducted by this tagging project. Data from this project have been
published in Eiler and Bishop (2016) and Bishop and Eiler (2018) and attached as
Appendices in this report.
Abstract: One of the important knowledge gaps for the Pacific herring (Clupea pallasii)
population in Prince William Sound is where adult herring disperse after spawning.
Conservation concerns about this recovering population make it increasingly important to
document migration patterns to inform our understanding of PWS adult herring survival. We
acoustic-tagged pre-spawning Pacific herring in Port Gravina during April 2012 (n = 25) and
April 2013 (n = 69). Post release, 23 of 25 (92%) tagged individuals in 2012 were detected by
an acoustic receiver at the Port Gravina release site on one or more days with final detections
coinciding with cessation of spawning in the immediate area. In March 2013 six acoustic
arrays were installed at the major entrances to Prince William Sound from the Gulf of Alaska
as part of the Ocean Tracking Network. These six arrays provided the first opportunity to
detect herring outside of the Port Gravina release site. Of the fish tagged in April 2013, 64 of
69 were detected post release including 62% (43/69) at one or more of the tracking arrays.
Movement was often rapid between Port Gravina to the arrays at Hinchinbrook Entrance and
Montague Strait (2 and 3 d, respectively). Once fish arrived at the entrances, however, a large
proportion remained in these areas until mid-June, most likely foraging on the seasonal
bloom of Neocalanus, a copepod zooplankton. Pulses of tagged herring detected during
September and October at Montague Strait suggest some herring returned from the Gulf of
Alaska. Intermittent detections of individuals from September through early January at
Montague Strait and at the arrays in the adjacent southwest passages indicated that herring
schools are highly mobile and are overwintering in this area. The results of this pilot study
demonstrate the exceptional opportunity provided by the tracking arrays to document
migration patterns by Prince William Sound herring, and specifically the connectivity
between the Gulf of Alaska and Prince William Sound.
Key Words: acoustic array, acoustic tags, Clupea pallasii, connectivity, Gulf of Alaska,
migratory movements, nursery bays, Ocean Tracking Network, Pacific herring, prespawn,
Prince William Sound .
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Project Data:
Description of data – Data on acoustic-tagged fish were collected at Port Gravina in Prince
William Sound, Alaska during April 2012 and April 2013 tagging efforts.
Detections of acoustic tagged fish were uploaded from acoustic arrays in Port Gravina as well
as at the Ocean Tracking Network arrays located at the entrances to Prince William Sound.
Format –All detection data is available as csv files.
Data archive and custodians –
Carol Janzen
AOOS, 1007 W. 3rd Ave. #100,
Anchorage, AK 99501
907-644-6703
janzen@aoos.org
https://portal.aoos.org/gulf-of-alaska.php#metadata/c1e401be-8d52-477b-a76bacf5cd817686/project
Mary Anne Bishop, Ph.D.
Prince William Sound Science Center, P.O. Box 705
Cordova, AK 99574
mbishop@pwssc.org
There are no limitations on the use of the data, however, it is requested that the authors be cited for
any subsequent publications that reference this dataset. It is strongly recommended that careful
attention be paid to the contents of the metadata file associated with these data to evaluate data set
limitations or intended use.

Ocean Tracking Network data is available at http://oceantrackingnetwork.org/.
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EXECUTIVE SUMMARY
Post-spawning movements by acoustic-tagged Pacific herring (Clupea pallasii) were studied
at Port Gravina, Prince William Sound (PWS) during spring 2012 and 2013, and at the
entrances from the Gulf of Alaska into Prince William Sound from April 2013 through early
January 2014. Our study is a component of the integrated, multi-project PWS Herring
Research and Management (HRM) program. This project was designed to inform the HRM
program objective to: Develop new approaches to monitoring herring. Objectives specific to
this study include:
1. Field test the application of recent advances in acoustic telemetry on wild adult
herring.
2. Elucidate herring movement patterns between spawning and overwinter sites.
3. Utilize the Ocean Tracking Network acoustic arrays to monitor herring migration into
and out of PWS.
We acoustic-tagged pre-spawning Pacific herring in Port Gravina during April 2012 and
2013. Post release, 23 of 25 (92%) tagged individuals in 2012 were detected by an acoustic
receiver at the Port Gravina release site on one or more days with final detections coinciding
with cessation of spawning in the immediate area. The 2013 deployment of the Ocean
Tracking Network (OTN) arrays located at the entrances to the Gulf of Alaska from PWS
allowed us to document post-spawn herring movements outside of the immediate release site.
In April 2013 we acoustic-tagged 69 herring in spawning areas around Port Gravina. Tags
had an expected life of 263 d. Post-release we detected all but 5 of the 69 tagged herring
either at Port Gravina and/or the OTN arrays. Based on detections at the OTN arrays, some
herring appeared to quickly move out into the Gulf of Alaska, while many remained in and
around the entrances, most likely to feed on the Neocalanus copepod bloom through June.
Following the decline of the Neocalanus bloom, herring departed from Hinchinbrook
Entrance and Montague Strait, with fish at Montague often shifting west and into to the
Southwest Passages. Herring schools appeared to be actively moving throughout fall in and
around Montague Strait and the Southwest Passages, although no equivalent movements were
detected at Hinchinbrook Entrance. Arrays detected herring around Montague Strait and the
Southwest Passages right up to when tags expired in early January 2014, indicating that not
all herring winter in northeast PWS and that some herring may be moving back and forth into
the Gulf even during winter months.
The results of this pilot study demonstrate the exceptional opportunity to document migration
patterns by PWS herring, and specifically the connectivity between the Gulf of Alaska and
PWS. The OTN is expected to last at least through early 2019. As currently configured,
however, the OTN arrays do not permit determination of movement direction by tagged fish.
With a relatively small investment, this could be remedied. We found that most detections
occurred at the outermost receivers, therefore placement of receivers just above and below
the outermost receivers would allow for determination of the movement direction for a large
proportion of the detections. In addition, by using acoustic tag programmed at low power
only, battery life on acoustic tags would be increased to of ~400 d days. This would allow us
to monitor acoustic-tagged herring from one spawning season to the next.
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INTRODUCTION
Adult Pacific herring (Clupea pallasii) along the eastern Pacific Ocean often overwinter close
to spawning areas and in nearshore channels (Hay and McCarter 1997). This behavior has
also been observed in Prince William Sound (PWS) herring populations, where historically
large schools both overwintered and spawned around northern Montague and Green Islands.
More recently however, the major biomass of adult herring during winter has shifted to the
northeast and southwest areas of PWS. Currently the largest concentration of adult herring
overwinters and spawns around Port Gravina and Port Fidalgo (www.aoos.org). Some spring
spawning aggregations are not located near known overwintering areas suggesting that: (a)
some adult herring populations are overwintering outside of PWS; (b) not all PWS
overwintering populations are being detected; or, (c) overwintering schools such as those in
northeast PWS break into smaller schools in spring with some schools moving away from
their overwintering area to spawn.
Post-spawning behavior of adult PWS herring is poorly understood. Elsewhere, it is common
for large herring populations to migrate from nearshore spawning areas to coastal shelf areas
for summer feeding habitat (Hay and McCarter 1997, Hay et al. 2008). To date, our only
information on adult PWS herring movements comes from a study by Brown et al. (2002)
that compiled local and traditional knowledge. In that study, fishers reported herring moving
north in fall through Montague Strait prior to the fall bait fishery while others reported
herring moving into PWS in spring through Hinchinbrook Entrance, Montague Strait and the
southwest passages of Elrington and LaTouche. In addition, some crab fishers operating
during winter reported that some herring wintered in the Gulf of Alaska (Brown et al. 2002).
These observations suggest that PWS herring are regularly migrating out of PWS and onto
the shelf.
Acoustic transmitters make it possible to monitor fish movements both across large distances
(Heupel et al. 2006) and in structurally complex habitats like those found in nearshore areas
(Bishop et al. 2010). Acoustic tags offer many additional advantages, including: 1) the
potential for multiple data points over time and space for each individual fish; 2) minimal
handling - fish are captured and handled only once; 3) rapid surgery - transmitters can be
implanted quickly, with low mortality and with low tag expulsion; 4) transmitters are
programmed for individual identification; and, 5) the capability to use portable receivers to
monitor spawning schools or large wintering schools of herring regardless of the location
(Bishop 2008).
The Herring Marking Workshop sponsored by the Exxon Valdez Oil Spill Trustee Council
(EVOSTC) in December 2008, reviewed all potential marking methods for herring and stated
with regards to acoustic tagging:
A specific recommendation is the conditional endorsement of acoustic tagging, with the
caveat that the initial involvement should be limited. Arrays of acoustic receivers have been
installed in PWS and there may be opportunities to leverage costs with other organizations,
so the present time is an excellent opportunity to pursue this approach…. It seems probable
that useful information on herring ecology and migratory movements could be revealed by
acoustic tagging (source: draft Integrated Herring Restoration Plan 2010, page 134).
This study encompasses field work conducted between November 2011 and May 2014. Our
study objectives were to:
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1. Field test the application of recent advances in acoustic telemetry on wild adult
herring.
2. Elucidate herring movement patterns between spawning and overwinter sites.
3. Utilize the Ocean Tracking Network acoustic arrays to monitor herring migration into
and out of PWS.
STUDY AREA AND METHODS
Study Area
PWS lies on the coast of south-central Alaska, primarily between 60o and 61o N, and is
separated from the adjacent Gulf of Alaska by large, mountainous islands. There are several
large ice fields with more than 20 tidewater glaciers (Molnia 2001). The coastline is rugged
and extensive and includes fjords and bays with average depths ranging from <50 m to >400
m. Outside the bays are many basins and passages of varying depths up to 700 m.
Abundant rain, snow, and glacial melt result in a strong cyclonic circulation that generally
travels east to west (Niebauer et al. 1994). During summer the waters of PWS are highly
stratified, but during winter months they are more mixed, with Gulf of Alaska surface waters
pulsing into PWS via the Alaska Coastal Current (Niebauer et al. 1994). The northern half of
PWS is strongly influenced by fjord waters and tends to be colder and fresher relative to the
Alaska Coastal Current-influenced waters that are warmer and more saline (Wang et al.
2001). Much of PWS is protected from the wave action that hits the exposed Alaskan coast,
but winter can bring large storm systems. Annual precipitation can be as high as 5.4 m and
sea surface temperatures in the fjords can be as low as 1o C in late winter, with some inner
bays and fjords choked with ice (Gay and Vaughan 2001).
Developing Methodology to Acoustic-tag Wild Herring
Our first field work was conducted from 18-22 November 2011 in collaboration with the
Alaska Department of Fish and Game (ADFG) herring bait surveys. ADFG had difficulty
catching herring due to fish being too deep for their seine net to catch, whales in proximity to
the net, and bad weather conditions. Attempts to sample adult fish were made around Port
Fidalgo, Port Gravina, and Simpson Bay. On the final sampling night (21 November), two
sets yielded fish and we were provided a sample from the second (final) set. Except for two
herring, fish were too small to hold a tag. Drawing on previous captive tagging work by Seitz
and others (2010), we used this opportunity to refine our techniques, including the MS-222
dosages and recovery times, and surgery. Fish were held for >24h to determine their response
to the anesthesia and the dummy tags. Upon completion, all fish were sacrificed.
In April 2012 and 2013 we jigged fish from pre-spawning aggregations in Port Gravina a
large bay in northeast PWS that is used by herring for both overwintering and spawning (Fig.
1). Jigged herring were first transferred to a 40 gallon holding tank, later removed
individually in a plastic container and anesthetized with MS-222, and then surgically
implanted with an acoustic tag (Vemco model V9-2L/2 H, 69 kHz, 9 mm x 21 mm, 2.9 g in
water) within the peritoneal cavity. Our post-surgery holding tank included non-tagged
herring that served as control “buddies”. Acoustic-tagged and controls (untagged) herring
were released simultaneously and near a herring school.
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Acoustic Arrays & Analyses of Detections
Depending on the year we deployed one (2012) and 9 (2013) acoustic receivers in Port
Gravina (Fig. 1). Receivers were recovered from Port Gravina on 19 May 2012 and 21 May
2013, respectively. In March 2013 the OTN was deployed across the six major entrances
between PWS and the Gulf of Alaska (Fig. 1). Detections were uploaded in September 2013
(Montague Strait and Hinchinbrook Entrance), February 2014 (Montague Strait and the four
southwest passages) and May 2014 (Hinchinbrook Entrance). A fish was considered present
at an array on a day when at least 2 detections were recorded.

Figure 1. Location of herring tagging and acoustic monitoring areas in Prince William Sound.
Pre-spawning herring were tagged during early April 2012 and 2013 in Port Gravina. The
Ocean Tracking Network arrays at Hinchinbrook Entrance, Montague Strait, and Southwest
Passages were deployed in March 2013. Numbers in parentheses indicate total number of
acoustic receivers.
Range Tags
The acoustic tags that we deployed in herring (Vemco model V9-2L/2 H) were programmed
to run on low power (146 db) for the first 120 d, followed by high power (151 db) for the
estimated 143-158 d remaining tag life. Tags were programmed to randomly ping at intervals
ranging between 90 and 150 sec while on low power and at intervals between 40 and 60 sec
while on high power.
In order to determine the probability of detection at the OTN arrays, we deployed three range
tags at Hinchinbrook Entrance in September 2013. Range tags were programmed to ping
alternately on low power and high power, with fixed delays between pings set at 3600 sec
and 3300 sec following a low and high ping, respectively. We examined the probability of
4

detection for a range tag located at 315 and 400 m from the receiver. This mimicked the
approximate distance between receivers. While detection probability was higher at high
power (0.94 at 314 m, 0.98 at 400 m), detection probability at low power was also very high
(0.88 at 314 m, 0.94 at 400 m).
RESULTS
Herring in Port Gravina
In 2012 we tagged 25 herring on 11 April. In 2013 we tagged 69 herring between 6 and 7
April. Mean standard length (± 1 sd) of tagged herring were similar both years (2012: 226.6 ±
11.8 mm, range 194-255; 2013: 230.1 ± 11.3 mm, range 197-250). Based on ADFG agelength-weight data (S. Moffitt, ADFG, unpubl. data), we estimated that 22/25 of fish tagged
in 2012 and 62/69 of fish tagged in 2013 were 7 years or older (>216 mm).
In 2012, 23 of 25 (92%) tagged individuals were detected by a Vemco VR2W acoustic
receiver in Port Gravina multiple times on one or more days with final detections recorded 5
d post release and coinciding with cessation of spawning in the immediate area (Fig. 2). Only
one of the 25 herring was never detected, and one fish exhibited signs of post-tagging
mortality (a significantly high number of detections through May). In 2013, 56 (81%) of the
69 tagged fish were detected at the Port Gravina array while 5 herring (7%) were never
detected at Port Gravina or the OTN arrays.

Figure 2. Detections of acoustic-tagged herring by hour of day. Port Gravina, April 2012. All
detections are from one receiver located near the point of release.
Post-spawning Movements to Gulf of Alaska Entrances
The March 2013 installation of the Ocean Tracking Network arrays across the entrances to
the Gulf of Alaska provided the first opportunity to detect movements from the spawning
grounds to the Gulf of Alaska entrances. In addition, the estimated 263 d battery life of the
acoustic tags meant that fish tagged 6-7 April could potentially be detected through the end of
5

December 2013. Sixty-two percent (43/69) of the herring tagged in Port Gravina during April
2013, were detected at one or more of the OTN arrays between 11 April 2013 and 2 January
2014 (Table 1). Total detection days for an individual fish ranged from 1 – 42 d.

Table 1. Detections of acoustic-tagged herring by array location. Herring were tagged at Port
Southwest Passages (East to West)

N=69 Fish

Port
Gravina

Hinchinbrook
Entrance

Montague
Strait

LaTouche

Elrington

Prince of
Whales

Bainbridge

# Detected

56

14

35

3

16

14

2

% of
tagged

81%

20%

51%

4%

23%

20%

3%

First
detection

7 Apr

10 Apr

11 Apr

9 May

6May

9 May

17 Jul

Last
detection

21 May*

16 Oct

2 Jan

20 Jun

13-Dec

31 Dec

21 Oct

Gravina in April 2013. Tags expired early January 2014. * = Array removed.

Departure from the Port Gravina release site was concentrated during two time periods: 6-10
April and 22-26 April (Fig. 3) and coincided with spawning activity in the area. First
detections of individual fish at the OTN arrays occurred primarily at Montague Strait (58% of
43 fish) and Hinchinbrook Entrance (30% of 43 fish). At both these arrays, >90% of the first
detections occurred at the outermost receivers, with herring favoring the westernmost
receivers.
Movement to Gulf of Alaska entrances was often rapid with herring recorded at
Hinchinbrook Entrance within 2 d (n = 3) and 3 d (n = 2) and at Montague Strait within 3 d (n
= 2) and 4 d (n = 3; Table 2, Fig. 3) of departure from Port Gravina. Based on the number of
days since herring were released or last detected at Port Gravina, migration time was 6.5 ±
4.3 d (n = 13; range = 2-15d) to Hinchinbrook Entrance (~50 km from the Port Gravina array)
and 19.04±21.9 d (n = 25; range = 3-80 d) to Montague Strait (~115 km), and 50.2 ±39.4 d (n
= 5, range = 13-107 d) to the Southwest Passages (130+ km).
Phenology, Movements, and Length of Stay at Entrances
April through August. Phenology of herring use was similar from April through August at
both Hinchinbrook Entrance and Montague Strait. Detection numbers peaked in early May
and remained relatively high throughout the month. Detections were much lower in June and
by 9 and 24 July detections ceased until fall for Hinchinbrook and Montague, respectively
(Figs. 4 and 5). The average length of stay, defined as first day detected to last day detected
was shorter at Hinchinbrook Entrance (x = 17.6 ±15.1 d) compared to Montague Strait (x =
29.5 ± 29.9 d) although the difference was not significant. We did observe movements
6

Days to Arrival

90

PGravina to Hinchinbrook, n = 13

80

PGravina to Montague, n = 25

70

PGravina to SW Passages, n = 5

60
50
40
30
20
10
0
1-Apr

6-Apr

11-Apr

16-Apr

21-Apr

26-Apr

1-May

Departure Date from Port Gravina

Figure 3. Number of days since release at Port Gravina (n = 8 fish) or since final detection at
Port Gravina array (n = 35 fish) to first detection at Ocean Tracking Network arrays. Herring
tagged at Port Gravina on 6 and 7 April 2013. Not shown is one herring arriving at the SW
Passages 107 d (22 July) after its final Port Gravina detection.

Table 2. Speed of migration (m/sec) for herring with fastest times between last detection at
Port Gravina and first detection at Hinchinbrook Entrance and Montague Strait in April 2013.

From Gravina to:
Hinchinbrook
Entrance, W. side
Montague Strait,
W. side

Distance (~km)

Fastest time

Speed of Migration

50.4

46 h 32 min

0.30 m/sec

115.1

76h, 23 min

0.41 m/sec
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No. Fish Detected

10

Montague
Strait
Hinchinbrook
Entrance

8
6
4
2
0
4/1

4/16

5/1

5/16

5/31

6/15

6/30

7/15

7/30

Figure 4. Number of acoustic tagged Pacific herring detected by date at Hinchinbrook
Entrance and Montague Strait arrays. April 1 – July 30, 2013.

Figure 5. Number of acoustic tagged Pacific herring detected by date and array, August 1,
2013 -January 2, 2014. No detections occurred at LaTouche Passage. Box added to
emphasize the predominance of fish at the Montague Strait array throughout September and
October 2013.
between Hinchinbrook Entrance and Montague Strait. Six herring that initially arrived at
Hinchinbrook Entrance were later detected at Montague Strait, while only one herring was
first detected at the Strait and then later at Hinchinbrook Entrance. Of the six herring moving
from Hinchinbrook Entrance to Montague Strait, four arrived at the Strait between 18-20
May, suggesting they may have been part of the same fish school.
No herring were detected at the Southwest Passages in April, but similar to Hinchinbrook
Entrance and Montague Strait, detections peaked in May, then declined in June. However, in
contrast to detection patterns from both Hinchinbrook Entrance and Montague Strait, tagged
fish at the Southwest Passages were detected through August, although in small numbers
(Fig. 5).
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September 2013 through early January 2014. A total of 16 of the 43 herring initially detected
between April and August at the OTN arrays were detected between September 2013 and
early January 2014, when tags expired. First fall detections for 14 of the 16 herring occurred
at Montague Strait, with fish pulsing through between 7 September and 21 October (Fig. 5).
Most herring detected during fall at Montague Strait and the southwest passages were
detected multiple days, and during at least 2 of the 4 months. Three of the 16 herring
recorded during fall were detected on one day only at OTN arrays including one at
Hinchinbrook Entrance (16 October). This same fish recorded at Hinchinbrook Entrance was
also the only tagged herring detected in Port Gravina from October through December 2013
by receivers maintained by Stanford University.
DISCUSSION
This project is the first to document Pacific herring movements in spring from the spawning
grounds to the major entrances into PWS from the Gulf of Alaska. Of the 69 fish that we
tagged, almost 66% were detected at one or more of the six OTN arrays. We suggest that the
high use of the entrances by herring during April and May followed by a sudden drop is
related to the Neocalanus bloom and its subsequent decline as well as oceanographic
conditions at the Gulf of Alaska entrances. Willette et al. (1999) examined diets of herring
collected between late April and July over a three-year period and found that large calanoid
copepods (primarily Neocalanus plumchrus and Neocalanus flemingeri) composed a
significantly greater proportion of herring diets during May, with a June shift in diet to
alternative prey (e.g. euphausiids, amphipods, pteropods and fish) coinciding with the decline
of the bloom (Fig. 6). Similarly, during this study Neocalanus numbers in 2013 peaked
during May at both Hinchinbrook Entrance and Montague Strait, and disappeared at
Hinchinbrook by June and decreased by 80% at Montague Strait that same month (R.
Campbell, PWS Science Center, unpubl. data).
Oceanographic conditions in PWS during April, may also be conducive to retention of
Neocalanus around the entrances. By early spring, freshwater runoff is low in PWS, the
through flow from the Alaska Coastal Current (inflow via Hinchinbrook Entrance and
outflow via Montague Strait) is weak, and seasonal northeast winds are also weak (Wang et
al. 2001). The reduced through-flow conditions may be entraining Neocalanus that originate
from both the shelf and PWS, resulting in predictable, high density patches during their
spring bloom at Hinchinbrook Entrance and Montague Strait.
The lack of herring at both Hinchinbrook Entrance and Montague Strait from mid to late July
through early September while fish were still being detected in the southwest Passages is
more difficult to interpret. Historically, July through late September was peak fishing for
herring in PWS with most effort occurring in western PWS from Main Bay south to
Montague Strait, including the southwest passages (Rousefell and Dahlgren 1932). More
recently, EVOSTC Gulf Watch Alaska acoustic surveys and validation seines have detected
adult herring in July at LaTouche and Port Etches (project 16120114-O, M. Armitsu, USGS,
pers. comm.), sites close to the Montague and Hinchinbrook arrays, respectively. In addition,
ADFG seine surveys and EVOSTC HRM juvenile herring aerial surveys have documented
adult herring in northern PWS at Point Freemantle, Glacier Island, as well as close to the
spawning grounds at Knowles Head (project 16120111-R, W. Pegau, PWSSC, pers. comm.;
S. Moffitt, ADFG, unpubl. data). Future tagging efforts could elucidate the importance of
PWS as summer habitat for adult herring.
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Figure 6. Mean percentage of the diet composed of large copepods, pteropods, euphausiids
and amphipods, and nekton (fish and squid) for Pacific herring in western Prince William
Sound during 1994 (solid squares), 1995 (solid circles), and 1996 (open circles). From
Willette et al. (1999).

Based on final detection patterns of individual herring, it appears that post-spawn, schools of
herring steadily move out into the Gulf of Alaska from April through the end of July. Some
fish return in fall, as evidenced by the reappearance of 16 of the 43 herring initially detected
at OTN arrays between April and August. While only one individual, the detection of one
herring on 16 October at Hinchinbrook Entrance, and later that month at in Port Gravina is
especially intriguing given that no other tagged fish were detected at the Stanford Port
Gravina receivers.
The intermittent detections of individual fish at Montague Strait and the southwest passages
over multiple months in fall suggest that residency in wintering areas is not stable but rather
that fish schools are highly mobile. At the same time, the use of Montague Strait and the
Southwest Passages during November and December suggest that some schools may be
wintering in this area and/or outside of PWS and in the Gulf of Alaska. Brown et al. (2002)
interviewed crab fisherman that fished in the northern Gulf of Alaska during winter. One of
those fishers believed that herring spent winter between Wessels Reef, Cape Cleare and
Middleton Island, and enter the Sound in spring via Hinchinbrook Entrance. If this is the
case, overwintering in the Gulf of Alaska may explain why 27 of the 43 herring detected at
the entrance arrays during spring and early summer, were never detected again.
In summary, we documented post-spawn herring movements from Port Gravina to the Ocean
Tracking Network arrays located at the entrances to the Gulf of Alaska. While some herring
appeared to quickly move out into the Gulf, many remained in and around the entrances,
most likely to feed on the Neocalanus bloom. Following the decline of the Neocalanus
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bloom, herring departed from Hinchinbrook Entrance and Montague Strait, with fish at
Montague often shifting west and into to the Southwest Passages. Herring schools appeared
to be actively moving throughout fall in and around Montague Strait and the Southwest
Passages, although no equivalent movements were detected at Hinchinbrook Entrance.
Arrays detected herring around Montague Strait and the Southwest Passages right up to when
tags expired in January 2014, indicating that not all herring winter in northeast PWS and that
some herring may be moving back and forth into the Gulf even during winter months.
In conclusion, the results of this pilot study demonstrate the exceptional opportunity to
document migration patterns by PWS herring, and specifically the connectivity between the
Gulf of Alaska and PWS. The OTN is expected to last at least through spring of 2019. As
currently configured, however, the OTN arrays do not permit determination of movement
direction by tagged fish. With a relatively small investment, this could be remedied. We
found that most detections occurred at the outermost receivers, therefore placement of
receivers just above and below the outermost receivers would allow for determination of the
movement direction for a large proportion of the detections. In addition, by using acoustic
tag programmed at low power only, battery life on acoustic tags would be increased to of
~400 d days. This would allow us to monitor acoustic-tagged herring from one spawning
season to the next.
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