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Abstract.—Pop-off archival tags (PATs) and trawl logbook data were used to study
the distribution, movement, and behavior of green sturgeon Acipenser medirostris off
the U.S. and Canadian west coasts. Seven green sturgeon were tagged with PATs in the
Rogue River, Oregon, during the autumn months of 2001 and 2002. All fish left the
Rogue River and entered the ocean within 32 d of tagging. Six of seven tags popped off
and transmitted data to satellites, as planned, 2.5 to 7.7 months after the fish left the
Rogue River. One tag detached prematurely 5.7 months after tagging, but it drifted
ashore in northern Oregon and was returned. All PAT-tagged sturgeon migrated north of
the Rogue River after entering the ocean; pop-off locations ranged from the central
Oregon coast to northwestern Vancouver Island, Canada. Estimated distances migrated
through nearshore waters ranged from 221 to 968 km. Potential concentration sites off
the Oregon and Washington coasts were identified using PAT and Oregon trawl log-
book data sets. Green sturgeon exhibited a narrow and shallow depth distribution
(typically < 100 m) over the continental shelf. This limited depth distribution makes
green sturgeon vulnerable to trawl bycatch in the open ocean, which will increase if
trawling within the narrow depth range increases. Although green sturgeon with PATs
typically occupied depths of 40–70 m, they also occasionally made what appeared to
be rapid vertical ascents to or near the surface. Green sturgeon tagged with PATs often
were more active and occupied shallower depths at night than during the day. Green
sturgeon are harvested by commercial, treaty, and sport fisheries. Because the popula-
tion trends and abundance of green sturgeon are uncertain, and because green sturgeon
from the main spawning rivers are probably mixed along the U.S. West Coast, conserva-
tive management measures should be implemented throughout the species’ range to
limit fishing mortality and ensure effective conservation.
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Introduction

The green sturgeon Acipenser medirostris is an
anadromous species that occurs along the West
Coast of the USA and Canada from Mexico to

the Bering Sea (Moyle 2002). Like other stur-
geons, green sturgeon are slow growing and
mature late in life (Nakamoto et al. 1995; Farr
et al. 2001; Farr and Rien 2002; Moyle 2002).
This species is known to spawn only in the Sac-
ramento and Klamath River systems in Califor-
nia and in the Rogue River in Oregon (Erickson
et al. 2002; Moyle 2002). Erickson et al. (2002)
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showed that after spawning in the Rogue River,
green sturgeon selected specific in-river sites
where they remained until late fall–early win-
ter, when they returned to the ocean.

A petition to list the green sturgeon as
threatened or endangered under the U.S. En-
dangered Species Act was filed in 2001 (EPIC
et al. 2001). This petition led to a status review
that documented some critical gaps in infor-
mation about the species (Adams et al. 2002).
For example, almost nothing was known re-
garding spawning periodicity, stream fidelity,
and oceanic migration patterns for individuals
spawning in specific rivers (i.e., the Rogue,
Klamath, and Sacramento rivers). Based on the
limited information that was available, the
National Marine Fisheries Service (NMFS)
determined that neither the northern nor south-
ern distinct population segment (DPS) war-
ranted listing as threatened or endangered, but
both DPSs were added to the Species of Con-
cern List (USOFR 2003a, 2004). An updated
status review (NOAA Fisheries 2005) was re-
cently completed; however, that prompted
NMFS to propose listing the southern DPS as
threatened and retaining the northern DPS on
the Species of Concern List (USOFR 2005).

It is imperative to understand the distribu-
tion and migration patterns to effectively man-
age the green sturgeon throughout its range. For
example, green sturgeon are harvested outside
of spawning river systems by various fisheries
(Adams et al. 2002; Moyle 2002), although the
effect of harvest on specific spawning popula-
tions is unknown due to the lack of information
regarding migration patterns and population size.
In this paper, we use trawl catch information to
describe the oceanic distribution patterns of green
sturgeon in general and satellite pop-off archi-
val tags (PATs) to describe the oceanic move-
ments and behavior of green sturgeon that
spawned in the Rogue River, Oregon.

Methods

Sampling took place in the lower 20 km of the
Rogue River, Oregon (Figure 1), during Octo-
ber 2001 and November 2002. These sampling

months were selected because most green stur-
geon leave the Rogue River and enter the ocean
during November and December (Erickson et
al. 2002). Twenty-five green sturgeon and one
white sturgeon A. transmontanus were caught
using sinking monofilament gill nets (23-cm
stretched mesh). All specimens were measured
(fork and total length) and marked with spa-
ghetti tags (at the base of the dorsal fin). Pec-
toral-fin clips were removed for genetic
analysis. Seven of the green sturgeon were
tagged with PATs (manufactured by Wildlife
Computers). These PATs measured 175 mm in
length (not including the antennae) and weighed
75 g in air. They were attached to 180-kg (ten-
sile strength) monofilament that was passed
through the base of the dorsal fin using a tag-
ging needle. All fish were released immediately
after tagging.

Prior to tagging green sturgeon in the wild,
we tested the PAT attachment procedure on one
white sturgeon held at the Oregon Department
of Fish and Wildlife’s (ODFW) Willamette Fish
Hatchery in Oakridge. A dummy PAT was at-
tached to this specimen on August 16, 2001 and
removed in May 2002 (the precise removal date
is not known). This fish was held with four
other white sturgeon in a concrete raceway
(flow-through system) measuring 12 m (length)
× 8 m (width) × 1 m (depth). The bottom and
sides of the raceway were flat.

Two green sturgeon caught in the Rogue
River and tagged with PATs (specimens 3 and
6; Table 1) were sexed using methods described
by Erickson et al. (2002). These individuals
were originally caught on April 10, 2001 (speci-
men 3) and October 15, 2002 (specimen 6)
while conducting radiotelemetry and mark–
recapture studies (Erickson et al. 2002; Farr
and Rien 2002). Sex was macroscopically de-
termined for both specimens on these initial
capture dates when radio transmitters were sur-
gically implanted inside the body cavity
(Erickson et al. 2002). Both specimens were
later recaptured and tagged with PATs for the
study described herein (Table 1). Surgeries were
not performed on the remaining green sturgeon
carrying PATs.
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The PATs were programmed to release from
fish 3.5–8.5 months after activation. Immedi-
ately after release, the PATs ascended to the ocean
surface and began transmitting data (including
location) to NOAA satellites. Data were then
downloaded to earth by Service Argos. Service
Argos subsequently processed the transmitted
data, estimated the positions of the tags during
transmission, and e-mailed the data to the au-
thors. The distance between the mouth of the
Rogue River and the tag–release location was
estimated as the minimum distance through
nearshore waters (i.e., following the West Coast
contour). Although the PATs recorded tempera-

ture, depth, and light every minute, the trans-
mitted data were summarized as the proportion
of time tags spent within user-specified ranges
(=cell widths) during 12-h periods. Twelve cell
widths were defined for both depth and tem-
perature. The maximum values for depth cells
were 0, 5, 10, 20, 30, 40, 50, 75, 100, 125, 150,
and 1,000 m. The maximum values for tem-
perature cells were 2.5, 5, 7.5, 10, 12.5, 15, 17.5,
20, 22.5, 25, 30, and 60°C.

Four of the seven PATs (specimens 1–3 and
7) were found on beaches and recovered, which
enabled us to download the complete set of
archived data (depth, temperature, and light

FIGURE 1.  Map showing the locations of the Rogue River, Oregon, where green stur-
geon were tagged with pop-off archival tags (PATs), and the tag recovery sites along
the coasts of Oregon, Washington, and British Columbia. The numbers refer to indi-
vidual specimens; the site for specimen 3 is the point where the PAT was found on the
shore after detaching prematurely.
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level for every minute that tags were at large).
Transmitted data (depth and temperature) were
analyzed for the three PATs that were not re-
covered (specimens 4, 5, and 6). Mean depths
and temperatures were easily calculated for ar-
chival data, but additional assumptions were
required to estimate mean depths and tempera-
tures for transmitted data. For these cases, mean
depth or temperature was calculated as follows
for each 12-h period:
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X = mean depth or temperature for a specific
12-h period. M

i
 = midpoint of the ith depth or

temperature cell for a specific 12-h period. P
i

= proportion of time spent within the ith depth
or temperature range during a specific 12-h
period. Overall means for depth or tempera-
ture were then calculated as the average of the
12-h averages.

Light levels were measured by the PATs as
irradiance at a wavelength of 550 nm (D. Dau,
Wildlife Computers, personal communication).
Four periods of illumination (night, day, dawn,
and dusk) were defined for analyses based on
the trend and level of illumination recorded by
the PATs. Illumination varied depending on
depth, time of year, and time of month. Dawn
and dusk were defined as periods when illumi-

nation values were in the lower 50th percentile
of each 24-h period and rapidly increasing
(dawn) or decreasing (dusk). Night was defined
as periods of relatively constant and low light
levels. Day was defined as periods when illu-
mination values were in the upper 50th per-
centile for a given 24-h period.

Emigration date from the Rogue River to
the ocean was estimated by means of two meth-
ods. The precise date and time of out-migra-
tion was known for the two green sturgeon
carrying transmitters (specimens 3 and 6) be-
cause their departure was detected by data-log-
ging receivers at the mouth of the river (see
Erickson et al. 2002). We estimated the date
and time that the remaining individuals entered
the ocean based on depth information provided
by the PATs. The maximum depth of the Rogue
River is typically less than 20 m (except for a
few locations far upriver). Hence, the date and
time that depth first exceeded 20 m (during the
fall out-migration period; see Erickson et al.
2002) were assumed to be the date and time
that green sturgeon entered the ocean.

Trawl Logbook Data

Trawl logbook data, including date, location
(latitude and longitude), depth, and presence
or absence of green sturgeon in the catch, were
obtained from ODFW for the years 1993–2000.

TABLE 1.  Data for green sturgeon that were caught by gill net and tagged with satel-
lite pop-off archival tags in the Rogue River, Oregon, during 2001 and 2002. The depar-
ture date is the date that the individual entered the ocean. Distance traveled is the
estimated minimum distance through nearshore waters between the mouth of the
Rogue River and the tag-release location. Sex is female (F) or unknown (U).

Total Distance
Tagging length Departure Tag-release traveled

Specimen date (cm) Sex date date (km)

1 Oct 16, 2001 210 U Nov 17, 2001 Jan 31, 2002 354
2 Oct 16, 2001 207 U Nov 16, 2001 Mar 30, 2002 231
3 Oct 16, 2001 215 F Nov 15, 2001 Apr 6, 2002 Unknown
4 Nov 5, 2002 166 U Nov 11, 2002 Feb 28, 2003 968
5 Nov 5, 2002 183 U Nov 16, 2002 Apr 30, 2003 221
6 Nov 5, 2002 176 F Nov 10, 2002 Jun 30, 2003 508
7 Nov 5, 2002 165 U Nov 25, 2002 Jun 30, 2003 636
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Only bottom-trawl data for boats that landed
catches in Oregon ports were included in these
analyses. Data for ocean shrimp Pandalus
jordani and midwater sets were excluded.

The logbook data must be used cautiously
in characterizing the spatial distribution of
green sturgeon. The actual encounter rate of
green sturgeon by trawlers is probably differ-
ent than presented here for several reasons.
These data only reflect vessels that landed
catches in Oregon ports; hence, effort and catch
data for vessels that delivered in California,
Washington, and British Columbia are not
shown. In addition, captains visually assessed
the catch when completing the logbooks or re-
lied on the crew to estimate the amount of each
species or species group that was retained after
each haul (during years shown herein); hence,
it is likely that only green sturgeon retained
for sale were recorded. Bycatch species that were
discarded and rare in the catch, such as under-
or oversized sturgeons, were often not recorded
in the logbooks during this time period (D.
Erickson, personal observation). Finally, catch
and encounter rates are probably different now
because regulations and fishing effort have
changed dramatically since 2000.

Results

We detected no problems with the PAT-attach-
ment procedure tested on a single white stur-
geon held at a fish hatchery prior to initiating
field work. The tag remained attached for ap-
proximately 9 months, after which it was re-
moved by ODFW staff. This fish remained
healthy throughout the tagging period (G.
Yeager, ODFW, Willamette Fish Hatchery, per-
sonal communication).

Seven green sturgeon were caught by gill
net and tagged with PATs 11.5–19.5 km above
the mouth of the Rogue River during October
2001 and November 2002 (Table 1). Total
lengths (TLs) for these individuals ranged from
165 to 215 cm. Two of the green sturgeon
tagged with PATs were females; the remaining
five fish were not sexed. The body cavity of
one of the females (specimen 3; Table 1) was

full of ripe ovarian follicles on April 10, 2001
(see Erickson et al. 2002).

Green sturgeon carrying PATs left the
Rogue River within 32 d of tagging (Table 1).
All PATs were released from green sturgeon
from 2.5 to 8.0 months after the fish left the
Rogue River. Six of the seven PATs were re-
leased from fish as programmed and transmit-
ted data to satellites. One PAT was released
prematurely (specimen 3) and therefore did not
transmit data. This PAT was later found on the
beach; the reason for premature detachment was
a faulty pin provided by the manufacturer (not
the tagging method). Three other PATs were
also recovered on beaches (those from speci-
mens 1, 2, and 7).

Green sturgeon migrated a minimum of
221–968 km after leaving the Rogue River
(Table 1). All PATs were released in coastal
waters, with the exception of that for specimen
6, which was released inside of Grays Harbor,
Washington (Figure 1). The greatest distance
from the Rogue River (968 km) was reached
by specimen 4 in less than 4 months (Table 1).
All six fish for which we were able to deter-
mine tag–release location migrated northward
to locations between central Oregon and north-
western Vancouver Island (Figure 1). The PAT
that was released prematurely (specimen 3;
Table 1) did not transmit location data but was
found 407 km north of the Rogue River only 6
d after detachment. All PATs were released in-
side of the 110-m-depth contour (Figure 1).

Trawl catches of green sturgeon occurred
throughout the Oregon and Washington coasts,
with concentrations near major coastal ports
(e.g., Coos Bay, Newport, and Astoria, Oregon),
major estuaries (e.g., Grays Harbor and Willapa
Bay, Washington), and off northern Washing-
ton (Figure 2). Most of the locations of green
sturgeon catch reported by Oregon trawlers were
inside of the 110-m depth contour, whereas
most bottom-trawling effort was conducted
deeper than 110 m (Figure 2).

Average daily depths and temperatures for
individual green sturgeon after leaving the
Rogue River are shown for PAT-archival data
(specimens 1, 2, 3, and 7; Table 2; Figure 3)
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FIGURE 2.  Map showing the locations of bottom-trawl sets made during 2000 and
bottom-trawl sets that caught green sturgeon during 1993–2000 along the Oregon
and Washington coasts. The depth contours (110 and 366 m) represent the boundaries
of a no-trawl zone (Rockfish Conservation Area) implemented after 2000.

TABLE 2.  Minimum, maximum, and mean depths and temperatures for green stur-
geon recorded by pop-off archival tags (PATs) beginning 8 d after fish left the Rogue
River, Oregon, and entered the ocean.  Data for specimens 1–3 and 7 are archival data
for PATs that were recovered and manually downloaded.  Data for specimens 4–6
were transmitted to satellites and downloaded by Service Argos.

Depth (m) Temperature (oC)

Specimen Minimum Maximum Mean Minimum Maximum Mean

1 0 117 56.2 8.5 12.1 10.9
2 2 93 49.9 8.5 12.1 10.4
3 0 111 58.0 7.6 11.9 10.1
4 0–5 >150 67.3 7.5–10.0 12.5–15.0 10.1
5 0–5 >150 49.0 7.5–10.0 12.5–15.0 10.6
6 0–5 75–100 69.2 10.5–12.5 12.5–15.0 10.6
7 1 117 66.7 7.3 13.5 10.6
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FIGURE 3.  Average daily depths calculated for seven green sturgeon carrying pop-off
archival tags. Fish were tagged in the Rogue River, Oregon, in late October and early
November and entered the ocean in November. Calculations were based on either
archived data (specimens 1–3 and 7) or transmitted data (specimens 4–6).
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and for data transmitted from PATs to satel-
lites (specimens 4, 5, and 6; Table 2; Figure
3). After leaving the Rogue River, green stur-
geon carrying PATs spent most of the time at
depths between 40 and 100 m from November
through April (Figure 3). The two individuals
that retained PATs into June occupied much
shallower average depths during May and June
than during the November–April period (Fig-
ure 3). Specimen 6 was inside of Grays Harbor
when the PAT detached and began transmitting
on June 30, 2002 (Figure 1). Depth data sug-
gest that this fish entered Grays Harbor on May
22, 2002 (Figure 3). Overall, the mean depths
for green sturgeon ranged from 49 to 69 m
(Table 2). The average water temperatures in-
habited by green sturgeon after leaving the
Rogue River ranged from 10.1°C to 10.9°C;

the minimum and maximum values were 7.3°C
and 12.5–15.0°C.

Although PAT-tagged green sturgeon typi-
cally were found at depths exceeding 40 m
while in the open ocean (Figure 3), they occa-
sionally exhibited dramatic changes in depth
(Figure 4). As the results for specimen 7 illus-
trate (Figure 4), minimum depth often ap-
proached 0 m even though the mean depth
remained fairly constant. All specimens showed
minimum depths of 0–5 m while in the ocean
(Table 2). Ascents to depths less than 10 m (i.e.,
to near the surface) from deeper starting depths
(mostly > 40 m) typically occurred in only 3–
5 min (Table 3). The elapsed time for ascents
to depths less than 10 m increased with increas-
ing starting depth, ranging from 2 min (29-m
starting depth) to 11 min (111-m starting depth).

FIGURE 4.  Daily mean, minimum, and maximum depths for specimen 7 after entering
the ocean. The fish was tagged with a pop-off archival tag in the Rogue River on
November 5, 2002.
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Hereafter, we refer to this behavior of rapidly
swimming from near bottom to near surface as
rapid vertical ascents. The frequency of rapid
vertical ascents ranged from a minimum of 5
events in 2.5 months (specimen 1) to 26 events
in 7.2 months (specimen 7; Table 3). Rapid
vertical ascents occurred 0–8 times per month,
depending on the individual and the month.

The activity of green sturgeon in the ocean
typically was higher at night than during the
day (Figure 5). Thirty-eight of the 45 rapid
vertical ascents took place during dusk, dark,
and dawn (Table 3). The results for specimen
7 (Figure 5) show a greater activity level and
shallower swimming depths at night than dur-
ing the day. Specimens 1, 2, and 3 showed simi-
lar diel behaviors.

Discussion

The green sturgeon captured in the Rogue River
and tagged with PATs in this study were prob-
ably mature adults that had spawned during the
previous spring. All were larger than 152 cm
TL, which is the generally accepted size at
maturity (Moyle 2002). Recent information
suggests that most green sturgeon enter the
Rogue River to spawn (M. Webb, U.S. Fish
and Wildlife Service, unpublished data). Indeed,
one fish caught and tagged with a PAT during
October 2001 (specimen 3) contained ripe ova-
rian follicles during April 2001 (Erickson et
al. 2002).

Green sturgeon carrying PATs departed the
Rogue River during November, 1 week to 1
month after tagging. Our PAT data suggest a
northward migration of up to 968 km for green
sturgeon during the first 8 months after enter-
ing the ocean from the Rogue River. Other stud-
ies using conventional tags have documented a
similar tendency for northward migration after
leaving rivers and estuaries. Thirteen of 15
green sturgeon tagged in San Francisco Bay
were later recovered at more northern locations,
as were 23 of 28 green sturgeon tagged in the
Columbia River (Chadwick 1959; Miller 1972;
Adams et al. 2002).

Clearly, green sturgeon do not only migrate
north; individuals also travel south along the
Pacific coast of the USA and Canada. Adams
et al. (2002) reported that 7 of 43 green stur-
geon were recovered south of tagging sites.
Recent information confirms that some green
sturgeon from the Rogue River migrate south
to California waters within 1 year after leaving
the river (Washington Department of Fisher-
ies, unpublished data). One individual that was
caught and tagged on June 27, 2000 in the
Rogue River during a collaborative project be-
tween ODFW and the Wildlife Conservation
Society (see Rien et al. 2000 and Erickson et
al. 2002) was found dead inside the mouth of
the Klamath River on May 7, 2001 (Washing-
ton Department of Fisheries, unpublished data).
At the time of capture in the Rogue River, this

TABLE 3.   Number of rapid vertical ascents to or near the surface by green sturgeon
tagged with pop-off archival tags during day, dusk, night, and dawn (see text for defi-
nition).  Rapid vertical ascents were defined as ascents beginning deeper than 20 m
and reaching depths shallower than 10 m over a short period of time.  Average depth
+ SD) at the beginning of the ascents and the average time required to reach minimum
depths are also shown.

Rapid vertical ascents Beginning Time to minimum
Specimen Day Dusk Night Dawn depth (m) depth (min)

1 0 0 5 0 57 + 7.4 3.2 + 0.8
2 0 0 6 0 63 + 6.9 5.0 + 0.8
3 0 1 7 0 52 + 18.3 3.8 + 1.0
7 7 4 14 1 59 + 20.8 4.4 + 1.9
Total 7 5 32 1 58 + 17.9 4.2 + 1.6
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FIGURE 5.  Depth (black lines) and light level (gray lines) recorded by a pop-off archival
tag attached to specimen 7 while in the ocean during April 2003. Data were recorded
every minute.
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individual (see specimen 12 in Erickson et al.
2002) measured 225 cm TL and was full of
ripe, ovarian follicles (D. Erickson, unpublished
data). This green sturgeon migrated into the
ocean from the Rogue River on December 6,
2000 (Erickson et al. 2002). This is the first
evidence of green sturgeon movement between
the Rogue and Klamath rivers.

Previous studies have indicated that green
sturgeon are widely dispersed along the West
Coast of the USA and Canada (Adams et al.
2002; Beamesderfer and Webb 2002; Moyle
2002). Our results are generally consistent with
this pattern; PAT releases demonstrate that green
sturgeon from the Rogue River migrate at least
as far north as Vancouver Island. Although the
latitudinal distribution of green sturgeon is
broad, their depth distribution in the ocean is
narrow and shallow. All PATs were released at
depths less than 110 m, and archived data show
that green sturgeon were typically found at depths
between 40 and 70 m during winter and spring
months. These results are supported by the Or-
egon trawl logbook data, which demonstrate that
green sturgeon are mostly caught inside of 110
m by bottom trawls. Some of the locations pro-
vided by Oregon-trawl logbooks were errone-
ous (e.g., locations that were excessively deep
or on land); however, the overall pattern for
green sturgeon catch by trawl appears clear (shal-
low depths and broad latitudinal distribution).

Shallow-depth preferences by sturgeons in
marine environments have been shown for Gulf
sturgeon A. oxyrinchus desotoi (<10 m; Fox
et al. 2002; Edwards et al. 2003; Edwards et
al. 2007, this volume), Atlantic sturgeon A.
o. oxyrinchus (<60 m; Stein et al. 2004; Laney
et al. 2007, this volume), and European stur-
geon A. sturio (<100 m; Williot et al. 1997).
Our results suggest that green sturgeon utilize
depths similar to those reported for European
sturgeon but deeper than those reported for
Gulf and Atlantic sturgeons. Stein et al. (2004)
suggested that the depth preferences of stur-
geons are probably due to bathymetry and prey
availability.

Trawl logbook data revealed areas of con-
centrated green sturgeon catch in nearshore

coastal waters off Oregon and Washington, sug-
gesting that the green sturgeon distribution
along the coastline is not random. These records
must be interpreted cautiously because catches
clustered near major fishing ports (e.g., Coos
Bay, Newport, and Astoria, Oregon) may re-
flect in part the distribution of fishing effort.
In our case, however, the results from PATs
support the trawl bycatch results in that three
of four PATs released in Washington–Oregon
coastal waters surfaced in areas where green
sturgeon were also caught by trawl (i.e., off
Newport, Oregon, and northern Washington).
Also, these fishing ports are associated with
geographical features (e.g., river mouths and
bays) that are known to concentrate green stur-
geon (Adams et al. 2002). Other recent studies
have shown that sturgeons tend to concentrate at
specific sites while in the ocean. Stein et al.
(2004) and Laney et al. (2007) described non-
random encounter patterns for Atlantic sturgeon
by commercial- and research-fishing operations
off the U.S. East Coast. Stein et al. (2004) noted
that Atlantic sturgeon bycatch in commercial fish-
eries was often associated with coastal forma-
tions and suggested that such features may
enhance prey concentration and therefore feed-
ing opportunities for sturgeons. Gulf sturgeon
have shown a similar tendency to select specific
habitats and concentrate off the Florida coast-
line (Fox et al. 2002; Edwards et al. 2003, 2007).
These marine-concentration sites most likely
represent important feeding habitats (Fox et al.
2002; Edwards et al. 2003).

Our results and conventional tagging re-
sults summarized by Adams et al. (2002) sug-
gest that the coastal waters off northwestern
Vancouver Island represent an additional con-
centration area for green sturgeon. One PAT
(specimen 4) was released in this area on Feb-
ruary 28, 2003. Adams et al. (2002) reported
that 3 of 28 recaptured green sturgeon origi-
nally tagged in the Columbia River were caught
off northwestern Vancouver Island. Our PAT
was released during a herring-roe fishery, lead-
ing us to hypothesize that northwestern
Vancouver Island may provide important habi-
tat for green sturgeon, possibly as a feeding
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area. More PAT-tagging work (i.e., to increase
sample size) and other types of telemetry re-
search are needed to verify these potential con-
centration sites and to identify additional
important oceanic habitats for green sturgeon.
Since this study ended, others researchers have
initiated studies to further investigate the oce-
anic movements of green sturgeon using PATs
and sonic telemetry (Steve Lindley, NOAA
Fisheries, personal communication).

Mean daily depths recorded by PATs should
be useful for evaluating whether green sturgeon
were offshore or inside of bays. We found little
evidence that green sturgeon entered estuaries
or rivers (i.e., shallow water [<20 m]) during
winter and early spring months, with the pos-
sible exception of specimen 5, which spent con-
siderable time between 20 and 30 m during
January and February. Two green sturgeon car-
rying PATs into June averaged shallower depths
during May and June than during November
through April, suggesting that green sturgeon
tagged with PATs from the Rogue River en-
tered estuaries (or shallow coastal waters) dur-
ing early summer months. Indeed, one of these
PATs was released inside of Grays Harbor on
June 30, 2002. These results are consistent with
those of earlier studies indicating that green
sturgeon tend to concentrate in estuaries dur-
ing summer months (Adams et al. 2002). These
summer concentration sites may contain green
sturgeon from various river systems (Moyle
2002). Miller (1972) showed that one green
sturgeon tagged in San Pablo Bay of the Sacra-
mento River system was recaptured in Grays
Harbor. This observation, combined with our
PAT result, establishes that green sturgeon from
the Rogue and Sacramento River systems uti-
lize Grays Harbor during summer.

Potential Negative Effects of
Depth-Based No-Trawl Zones
Based on Oregon trawl logbook data, most
trawling effort during 2000 was outside of 110
m, whereas most green sturgeon bycatch was
inside of this depth contour. This suggests that
green sturgeon bycatch may increase if trawl-

ing effort increases in shallow waters. Although
recent fishing regulations have reduced trawl-
ing effort overall through a vessel-reduction
program along the U.S. West Coast (USOFR
2003b), and even though bottom trawling is
prohibited from the beach to 4.8 km (3.0 mi)
along the Washington coast (WAC 2005), it is
possible that trawling effort for U.S. vessels
could increase inside of 110 m because of a
recently created no-trawl zone (Rockfish Con-
servation Area [RCA]) that extends from the
Mexican to the Canadian border (NMFS 2004).
This depth-based management, first imple-
mented in 2002 to protect a complex of shelf
rockfish Sebastes spp. that have been overfished,
now prohibits trawling between depths of 110
and 336 m off the Washington, Oregon, and
northern California coasts (NMFS 2004).
Trawling effort has historically been high
within the 110 to 336-m-depth range that is
now protected by the RCA. It is plausible that
some of the effort that was employed within
the RCA prior to 2002 will shift to shallower
waters (i.e., inside of 110 m), particularly dur-
ing the winter season when storms are frequent.
This may increase mortality for green sturgeon
and other species that exhibit a narrow and shal-
low depth distribution.

Behavior

We found that green sturgeon typically exhib-
ited greater activity and swam at shallower
depths at night than during the day. This in-
creased diel activity included occasional rapid
vertical ascents to or near the surface. Other
species exhibit diel swimming patterns that in-
clude changes in swimming depth and differ-
ences in activity levels. Vertical migrations and
increased activity may occur at night in response
to vertically migrating prey (West and Stevens
2001), during the day to provide some mini-
mal light threshold needed to visually detect
prey (Nichol and Somerton 2002), or during
the day for sun-assisted orientation during open-
ocean migration (Friedland et al. 2001). We
hypothesize that green sturgeon are more ac-
tive at night as a response to food availability.
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The vertical migrations shown for green
sturgeon were probably rapid vertical ascents
toward the surface rather than inshore migra-
tions (i.e., following the bottom contour to
shallow water). Given the rate of depth change
and the fact that our PATs recorded depth only
once per minute, the actual minimum depth
achieved by a tagged fish would be measured
with considerable error. Hence, we made the
assumption that depths within 10 m of the sur-
face represent rapid ascents to or near the sur-
face while in the open ocean. The reason for
these rapid ascents is unknown. In addition, we
do not know whether these fish actually
breached the surface or only swam near it.
However, green sturgeon have been observed
breaching the surface in rivers and estuaries (D.
Erickson, personal observation), and jumping
behavior has been documented for other stur-
geons while in freshwater (Sulak et al. 2002)
and the ocean (Edwards et al. 2003, 2007).

Conclusion

The PATs used in this study were effective for
documenting the directions of migration, depths
and temperatures occupied, and some aspects
of behavior. Along with trawl logbook records,
the PATs helped to identify concentration areas
in certain regions of the coast and in estuaries
such as Grays Harbor. The main limiting fac-
tor in using PATs to describe migration and
identify concentration areas is the cost, which
makes it difficult to obtain an adequate sample
size. Conventional tags are much less expen-
sive and can also be used to examine migra-
tion, but they only provide information from
sites where fisheries occur. Another potential
bias in using conventional tags to examine mi-
gration is that tag reporting rates can vary sub-
stantially among fisheries (Pollock et al. 2002).
Green sturgeon are harvested in a wide range
of fisheries and locations: treaty gill net (i.e.,
Klamath River, Willapa Bay, and Grays Har-
bor), commercial gill net (i.e., Columbia River,
Willapa Bay, and Grays Harbor), bottom trawl
(i.e., Oregon and Washington coasts), and
sportfishing in various estuaries and rivers

(Adams et al. 2002). These fisheries also have
a variety of harvest regulations that could af-
fect tag retention and reporting.

Given the great distances migrated and the
apparent mixing of green sturgeon from the
three major spawning-river systems, conserva-
tive management measures should be imple-
mented to ensure the conservation and survival
of fish from all three spawning systems. Man-
agement measures should encompass the full
geographical range of the species, particularly
those regions where green sturgeon appear to
concentrate. It will also be important to assess
the impact of the recently implemented no-trawl
zone (i.e., RCA) on green sturgeon, given their
nearshore distribution.
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