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Abstract

nets.

Background: Access to harvestable surpluses of sockeye salmon is often limited by incidental harvest of Chinook
salmon in the mixed-species gillnet fishery of Cook Inlet, Alaska, particularly in years of low Chinook abundance. This
is restricting economic opportunity and creating allocation conflict between user groups. Prior work quantified differ-
ences in migration depth of Chinook and sockeye salmon and suggested that the use of shallower surface-hung fixed
gillnets (“setnets”) could potentially reduce Chinook interception rates while leaving sockeye harvest rates relatively
stable. However, lack of knowledge concerning the actual fishing depth of setnets was identified as an important
uncertainty in implementing regulatory change. Cook Inlet is subject to strong tidal currents and high suspended
sediment loads which make the water virtually opaque, preventing simple visual assessment of the depth of fishing

Results: We used time-depth recorders attached to setnets within Cook Inlet to record the leadline depths of 29,
36, and 45 mesh setnets during all fishing openings in 2015. Recorded depths were far shallower than the physical

construction of the nets would suggest for most of the tidal cycle (as shallow as 0.6 m), and only near slack water did
they extend down to near their maximum potential depth.

Conclusions: In this study, we demonstrate how time-depth recorders can be used to document the behavior of
fishing gear and provide information useful for fine-tuning changes to regulations governing fishing net construction.
Most Chinook harvest presumably occurs around slack water because it was only during these narrow time windows

management

that the nets extended into the depths where Chinook primarily migrate. Switching to reduced-depth nets would
avoid much of the Chinook distribution. In contrast, sockeye are potentially exposed to nets over much of the tidal
cycle, although data on the efficiency of nets at various stages of the tide are lacking. Reduced sockeye harvest rates
might be compensated for by some increase in allowable fishing time.
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Background

Chinook salmon (Oncorhynchus tshawytscha) stocks
across Alaska have experienced severe declines in abun-
dance in recent years. These declines are likely the result
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of reduced marine survival that has occurred in parallel
with statewide reductions in Chinook growth at sea and
falling mean age at maturity [1, 2], suggesting a potential
causal relationship. However, irrespective of the under-
lying cause of the decreases in Chinook abundance,
the abundance of returning sockeye salmon (O. nerka)
has remained at high levels, complicating management
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because the return timing of these two species overlaps
while the priorities of different user groups may not.

Within Cook Inlet, two major commercial fisheries
operate: a nearshore setnet fishery based on anchored
surface gillnets and operating within 1 or 1.5 nautical
miles (1.9 or 2.8 km) of the beach (situated mainly along
the eastern shore of Cook Inlet) and a driftnet fishery
using surface gillnets operating in central Cook Inlet off-
shore of the setnet boundary. Sport fishing is also very
popular in the Kenai River and supports a commercial
guiding industry. The driftnet and setnet fisheries focus
on sockeye because of the abundance of this species,
but the eastside setnet fishery (ESSN) also catches Kenai
River Chinook, which are the priority target of the sport
fishery. As a result, in recent years both the ESSN sockeye
fishery and the Kenai River sport fishing industries have
been severely limited because even small harvests of Chi-
nook would reduce escapement below minimum permis-
sible limits. In contrast, the driftnet fishery rarely catches
Kenai River Chinook and substantial fishing effort has
therefore been re-allocated to this fishery as managers
try to avoid overescapement of Kenai River sockeye to
the spawning grounds. However, the driftnet fishery also
increases harvest of multiple species of salmon (sockeye,
coho, and chum) bound for more northern regions of
Cook Inlet, which have their own conservation and allo-
cation concerns.

Harrison and Loring [3] provide an excellent descrip-
tion of the various gear types in Cook Inlet and the
intense conflict between user groups over allocation
which has been exacerbated by the downturn in Chinook
abundance. A useful historical summary of the develop-
ment of the Cook Inlet salmon fisheries is available [4], as
well as a number of recent sociological studies examining
the conflict [5-9]. A number of opinion pieces and news-
paper articles also outline the recent history of devel-
opments in this highly charged fishery [5, 10-14]. As a
result of this complex web of co-migrating salmon spe-
cies, gear types, disparate fishing locations, and range of
established and newer user groups, managers must make
decisions regarding implementation of fishing restric-
tions and allocations within a politically and socio-cul-
turally complex environment [15].

An earlier acoustic fish tagging study in Cook Inlet
demonstrated that sockeye primarily migrated in the
near-surface zone just offshore of the ESSN boundary,
with their median depth of migration approximately 3 m
shallower than Chinook [16]. If this earlier study applies
within the ESSN area, then this difference in the verti-
cal distribution of the two species potentially provides
the opportunity for ESSN fishers to use shallower nets to
better focus setnet fishing effort on sockeye while reduc-
ing the harvest of Kenai River Chinook. Lost sockeye
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harvest from a reduction in net depth could presumably
be compensated for by increasing allowable net lengths
or the number of fishing days [16]. However, these man-
agement alternatives are partly dependent on how the
bottom depth of ESSN setnets varies over the tidal cycle
which was unknown (see [17] for details and [18] for a
response).

The maximum (bottom) depths of ESSN setnets are
unknown because of the strong tidal currents and the
near-complete opacity of the water due to a combina-
tion of glacial rock flour from runoff and fine suspended
mud (net visibility from the surface was often <1 m). To
reduce uncertainty concerning how shallow nets might
fish relative to the current “standard” net (45 meshes
deep of maximum 6” stretched measure (15.2 cm) gillnet
[19]), we developed a cooperative agreement with four
ESSN fishermen to directly measure the bottom depth
of their nets in 2015 using time-depth recorders (TDR).
These data allowed an assessment of the maximum depth
of the standard 45 mesh net and shallower (29 and 36
mesh deep) nets over the tidal cycle. Using the typical
mesh sizes actually used in the fishery (5”, or 12.7 cm),
29, 36, and 45 mesh deep nets have maximum potential
fishing depths of ca. 3.7, 4.6, and 5.7 m.

Methods

In the ESSN fishery, nets are deployed perpendicular to
shore within the 1 or 1.5 nm ESSN fishing zone (1.9 or
2.8 km). They are secured on the offshore end to a large
anchor and on the shore end to a post driven into the
beach. At periodic intervals of ~60 m, the leadline and
floatline are each secured to lines connecting back to a
single horizontal line (forming a rotated letter “Y” when
viewed from the side). The bitter end of the single line is
then tied to a surface floatline leading down to a sand-
bag anchor. This arrangement holds the leadline roughly
below the floatline.

Initially, we planned to instrument the leadline of equal
numbers of shallow (29 mesh) and conventional deep
(45 mesh) nets with time-depth recorders [20]. However,
some changes occurred after the TDRs were distributed,
resulting in fewer conventional nets being instrumented
than originally planned. As a result, depth recorders were
attached to the midpoint of the leadlines of 7 shallow and
3 conventional depth nets. In addition, we instrumented
one shallow and one deep net on the breastline with
depth recorders at %, %, and % of the total depth of the
net, as well as an additional TDR at the midpoint of the
immediately adjacent leadline (The breastline is a verti-
cal rope hung between the surface (float) and bottom
(lead) lines, to which the gillnet mesh is secured to form
64 m (210’) long panels.) Nets were fished at two loca-
tions within the ESSN separated by ~40 km (Fig. 1). One
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Cape Kasilof

Fig. 1 Map of net depth study area in Cook Inlet in 2015. Red circles are fishing locations where depth recorders were deployed on nets; the dashed
line demarks the ESSN boundary. Yellow triangles are sites of NOAA tide predictions, and the blue square is where atmospheric pressure was recorded
(atmospheric pressure data were used to calculate water depths; see “Methods” section)

fisherman also deployed a recorder on the leadline of a 36
mesh net. Table 1 provides more detail on the individual
nets fished.

Nets were instrumented with Sensus Ultra TDRs
manufactured by ReefNet Inc., (Mississauga, Ontario,
Canada; dimensions were 25 x 33 x 44 mm). TDRs were
secured to the nets using electrical tape spirally wound
around the body of the TDR and the rope with a perfo-
rated straw sandwiched between them and protruding
beyond the tape to allow rapid pressure equalization.
TDRs remained fixed on the nets for the duration of the
2015 fishing season and recorded net depth every 10 s to
a stated resolution of 12 mm and an accuracy of £30 cm.
(In our own testing of the specific TDRs used in this

study, we found that accuracy was substantially better
than this; see below). The recorders also simultaneously
recorded temperature to a resolution of 0.01 °C and an
accuracy of 0.8 °C. At the end of the study, the fishermen
removed the TDRs and returned them for download and
analysis.

After return, we screened the raw data from the TDRs
to remove measurements recorded while the nets were
briefly lifted to the surface to remove fish, as well as
measurements before and after the nets were deployed.
To identify these periods, we plotted the time series in
% h intervals and recorded the times to the nearest 5 min
before and after each sudden change in pressure where
the sensor closely approached atmospheric pressure.
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Table 1 Summary of TDR deployment on Cook Inlet setnets, 2015
Site Mesh Net TDR Net construction Days fished
Mesh size (in.) Material Length (ft.) N First Last
Site A 29 1@ 13,904 5 Monofilament 210 11 09-Jul 30-Jul
2 13,908 5.125 Monofilament 210 11 09-Jul 30-Jul
3 13,893 UN UN UN 4 09-Jul 26-Jul
4 13,895 UN UN UN 11 09-Jul 01-Aug
45 18 13,889 5 Multistrand 210 1 09-Jul 30-Jul
2 13,890 525 Multistrand 210 I 09-Jul 30-Jul
3 13,891 5.25 Multistrand 210 11 09-Jul 30-Jul
Site B 29 1 13,842 5 Monofilament 210 11 02-Jul 20-Jul
2 13,847 5 Monofilament 210 6 06-Jul 18-Jul
3 13,866 5 Multistrand 150 20 04-Jul 10-Aug
36 1 13,874 5 Multistrand 150 19 02-Jul 06-Aug

Sites A and B are mapped in Fig. 1. Mesh refers to the number of ~5” (~13 cm) square meshes that determine the depth of the net. TDR: serial number of the time-

depth recorder (used to select the net to view on the animator)
in. inches, ft. feet, UN unknown, N number (1 inch = 2.54 cm; 210 feet ~ 64 m)

2 These nets were equipped with additional depth recorders on the breastline at 4, 2, and 3 of the depth of the net, as well as on the center of the leadline

Next, we calibrated the TDRs to improve the accuracy
and precision of the pressure measurements. For each
day of deployment, we extracted a 15 min subset of the
data in the interval shortly after the nets were recov-
ered when the TDRs were on the surface (reporting
atmospheric pressure). We then averaged the difference
between the pressure readings from each sensor and the
atmospheric pressure recorded each hour at the mete-
orological station at Nikiski, Alaska, which is situated 20
and 60 km from Site A and B, respectively (NOAA sta-
tion number 9455760). We applied this sensor-specific
correction factor to all pressure readings. Calibration
increased the depths by an average of 59 cm (range
2.39-11.07 cm).

To calculate depth from pressure, we used the follow-
iI‘lg equations: Ptotal = Patmosphere + Pwater’ and Pwater = /.)gh
where P oqohere = atmospheric pressure (Pa), p = den-
sity of ocean water (assumed 1025 kg/m?), g = gravita-
tional acceleration (9.807 m/s?), and # = depth (m).
Measurements of atmospheric pressure at hourly inter-
vals were obtained from the meteorological station at
Nikiski, Alaska. Over the course of the study, there were
10 h when no atmospheric pressure was recorded (of 984
measurements taken between July 1st and August 10th),
and we populated these with the midpoint between the
values on either side. The maximum difference in pres-
sure between readings on either side of missing values
was 0.9 mb. We then linked the pressure measurements
on the sensors to the atmospheric pressure closest in
time.

We then filtered the depth estimates to remove vari-
ability due to electrical noise and/or wave action with a

second-order low-pass Butterworth filter implemented
with the signal package [21] in program R [22]. This fil-
ter removes the high-frequency variation in the data and
retains the lower frequency patterns due to variation in
tidal currents that can influence net depths. As a simple
measure of the variability removed by filtration, we cal-
culated the ratio of the standard deviation (SD) of the fil-
tered to the unfiltered data. When the data were grouped
by net type, deployment location, and tidal period (see
below for definition), the SD ratios ranged between 0.962
and 1.0 with a median of 0.997, indicating that the filter
removed little variability.

Because net depths are likely influenced by ocean cur-
rents, we analyzed the depth data relative to current
strength across all days of net deployment. We used the
times of high and low tides to reference current strength.
Since these occur at different times on different days,
we divided the 24.83 h tidal cycle into 24 nearly equal
time periods (“tidal hours”) and then allocated the depth
measurements into the appropriate tidal hour based on
the time it was recorded. At each site, the times of high
tides were approximately centered within the 6th and
18th bins, and times of low tides in the 12th and 24th
bins. Because the times between high and low tides vary
slightly, the size of these tidal hours ranged between 53
and 77 min for Site A and 56—74 min for Site B (average
of 62 min for both sites).

The first step in creating the tidal hours was to define
the start and end times of each interval between succes-
sive high and low tides. The start of each interval was
Ttide;, + (Ttide,;) — Ttide())/12, and the end of the
interval was Ttide(;, ) — (Ttide, ;) — Ttide))/12, where
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Ttide is the specific time of high or low tide and 12 is the
number of bins (in this case 6) multiplied by 2 in order to
obtain % a bin size. We then divided these intervals into
5 periods of equal length which resulted in 6 bins when
combined with the start and end times of each interval
(start—tl; t1,-t2;, t2,-t3, t3,—t4,, t4,~t5, end,—start;, ;)
for a total of 24 bins in the tidal day. Finally, we divided
the depth data into the appropriate tidal hours for each
deployment site.

We obtained predictions of the times of high and low
tides from stations at Chinulna Point, Cape Kasilof, and
Ninilchik (Fig. 1 NOAA harmonic stations 9455735,
9455711, and 9455653). We applied the tidal predictions
from the Chinulna Point station to the pressure data from
Site A because these were at essentially the same location
(<3.5 km distant). Because Site B was located between
the tidal stations at Cape Kasilof (21.8 km) and Ninilchik
(13.8 km), we interpolated the times of high and low tides
for this site by assuming a linear change with distance.
Times of predicted high and low tides differed by an
average of 26.7 and 39.7 min, respectively, between Cape
Kasilof and Ninilchik. We used the midpoint of the two
nets fished at Site B (separated by 4.5 km) as the location
for this site.

A number of assumptions were required in creating the
net animation tool. First, we assumed that the individual
meshes forming the gillnet were 12.5 cm in height (a
typical mesh size used in the fishery) and that this height
remained constant through time. Second, we assumed
that the net was moving in response to the tidal current
as a series of linked piecewise-linear segments, with the
depth of the end points defined by the depth recorder
data. In the absence of independently measured cur-
rent data, we used the net depth itself to infer the rela-
tive strength of the current (the direction and strength
being indicated by a faded arrow on the animations). We
indicate current strength by making the arrow length
proportional to the angle from vertical between the float-
line and the bottom of the net, if the bottom of the net
was free to move horizontally outward. We also assumed
that the direction the center of the net moves is deter-
mined from the tidal direction and changes when the
net reaches a local maximum in recorded depth. The dis-
play is facing west, so the net billows to the right (north)
when the tide is rising and to the left (south) when it is
falling. Finally, since both the breastline and leadline are
typically anchored to the seabed, we illustrated the net
in cross section as a “C-” or “bag-” shape by constraining
the net segments after the middle to angle back toward
the floats, so that the leadline remains positioned below
the floatline. This final assumption can be relaxed in the
animation by clicking on one of the selection buttons,
and the net can be animated with a free-floating leadline,
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which would be more appropriate if the leadline was not
periodically tethered to the seabed (the former is stand-
ard practice in the ESSN fishery).

Results
The complete time series of depth data for each net is
available in Additional files 1, 2, 3 and 4.

Animations

The JavaScript animator of the net depth data is avail-
able from http://kintama.com/animator/net/. The ani-
mations can be customized using the eight buttons along
the top left to alter the display and the slider to the right
to change the speed (Fig. 2). The button with a three dot
icon on the top left provides a drop down list of the dif-
ferent nets and the button on the far right of the group
of eight displays the Chinook and sockeye depth distribu-
tions reported in Welch et al. [16]. The animations should
also be visible with recent versions of most web browsers.

Summary of net depths

There was a large swing in recorded leadline depth as
ocean currents changed with the stage of the tide (Fig. 3,
top panel). All nets were held in shallow water for much
of the tidal day and only approached their maximum
potential depths during the 4—-6 h when tidal currents
were close to slack. Median net depths measured at the
leadline across tidal hours ranged between 1.4 and 3.2 m
for the 29 mesh nets, 1.6—4.1 m for the 36 mesh net, and
1.6-5.2 m for the 45 mesh nets. Median leadline depths
during those parts of the tidal cycle when the tidal cur-
rents were strong were remarkably similar across all three
net types.

We can estimate the proportion of time the nets
extended to a given depth by rearranging the tidal hours
so that they are sorted by depth rather than chronologi-
cally (Fig. 3 bottom panel; Table 2). For the 6 tidal hours
(25th percentile) occurring when tidal currents were
swiftest, the median depth of the 45 mesh leadline was
only 0.3 m deeper than the 29 mesh net (Table 2). As cur-
rent strength dropped, leadline depths slowly increased,
but the difference in median depth across all nets was
only 0.7 m at 12 tidal hours (50th percentile), and 1 m at
18 tidal hours (75th percentile). For half the tidal cycle,
all net types remained in only the top 2.5 m of the water
column. Only near slack water (last 4 tidal hours for 45
mesh nets and last 2 tidal hours for the 36 mesh net) did
the depth of the leadlines drop to approach the poten-
tial maximum depths of 29, 36, and 45 mesh nets (3.7,
4.6, and 5.7 m). Nets of all mesh construction therefore
responded similarly. As an empirical fish depth distribu-
tion suggests (Fig. 3, right column), it is only when tidal
currents briefly stop running in Cook Inlet that the nets
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Fig. 2 Screen capture image of the side-by-side animation of the 29 and 45 mesh nets instrumented with multiple depth recorders (represented
with gray balls). The large white arrow shows the direction the tidal current is running. The animator is available at http://kintama.com/animator/net/

dropped into the depths where Chinook salmon appear
to migrate most commonly [16] and are exposed to
capture.

Discussion

This study provides the first concrete data on how set-
nets actually fish in Cook Inlet, and the specific technical
methods we report here likely have much broader poten-
tial application to managing bycatch worldwide (e.g., [23
24]). The exceedingly shallow net depths we document
in Cook Inlet were unexpected given the potential maxi-
mum depth of the nets. When tidal currents were strong-
est, the average leadline depth for all nets was ~1.5 m
(only 26% of the potential maximum fishing depth of a
standard 45 mesh net), and leadlines sometimes reached
as shallow as 0.6 m (11% of maximum depth), regard-
less of net construction. As current strength dropped,
leadline depths gradually increased, but for half the tidal
cycle all instrumented nets remained at less than half
their maximum potential depth. Further, the leadlines of
the 29 and 45 mesh nets differed by only 30 cm for the
shallowest 25% of the total time that the nets were fished
(and differed by only ~70 cm and ~1 m at the 50th and
75th percentiles). Although there was some variability
in depth between individual nets (see Additional file 1;
Fig. 3), and between the two areas chosen for the study

(see Additional file 1), the depth differences were small
relative to the large measured depth changes driven by
the tides.

Data on leadline depth for the different nets can be
combined with data on the depth distribution of Chinook
and sockeye to assess potential changes in harvest. The
fish depth distribution information was collected from a
limited sample of 11 Chinook and 25 sockeye migrating
near the boundary of the ESSN fishing zone (see [16] for
details). Assuming the data also apply within the ESSN
zone, then during times of strongest tidal flow the lead-
lines of all nets were lifted to slightly above the median
migration depth of sockeye (about 1.8 m), but entered
into only the top 10% of the Chinook depth distribu-
tion. It was not until slack water when the nets extend
down close to their potential maximum depths that the
deeper nets dropped significantly into the depth distri-
bution of Chinook, with the 45 mesh net approximately
doubling Chinook exposure relative to the 29 mesh net
(51 vs 19-26% exposure over the 4 h of slack water).
Because the sockeye depth distribution is more strongly
surface oriented, switching from the 45 to the 29 mesh
net should have a smaller effect on sockeye exposure at
slack water, with 78 versus 66—71% of the sockeye depth
distribution lying within the depth range of the two nets,
respectively.


http://kintama.com/animator/net/

Welch et al. Anim Biotelemetry (2017) 5:11

Page 7 of 9

0 -0
~~ —~~
\E/ median_ _ \E/
= 2- NN 2 o
= ) 2N : / =
[o% 4 . OB o
04 y :\\-" L / \ | @
e 1 /29 mesh %, -\ _II :\\ _ "’L.\( _ /’ g
© 41 v a W ' -4
/ ' o 1 @
Z ... ,..QG.mQS.h........\.\.., ............ "‘V ............... T S e median | L
/ N | o |
____4§me_sn_: ________ | | 1
6 L T T T T T ; T T T T T ; T T T T T ; T T T T T ;
12345678 9101112131415161718192021222324 0.0 0.1 0.2
IH IL IH ]L
01 | | | | -0
: — 29 mesh 36 mesh — — 45 mgsh
’é\ 1 1 1 1 g
= i median _ ~
£ 7] | | : 2 g
rol 1 1 odl Q.
0 1 1 Ll q’
1 1 ~——
(] 29 mesh | } f\ ) o
e i 1 1 [ ] La <
[0} 4 1 1 1 N | 4 [72)
36 h \ LD
Z }|.......20 mes: ................... oo - S oo me o ic
| 4smesh _________ e e “D__ ] Shjnook
6 - 1 1 1 1 ckeye L 6
Il Il Il Il
29 mesh 1016 9 4 152223 3 1711 521 8 142 18126 24197 20 1 13 0.0 01 0.2
36 mesh 101611 9 21221523 4 17 8 14203 2 512247 131 196 18 Densi
45 mesh 3 4 1615 5 1022172318 9 6 24 2 14122111197 131 8 20 e Slty
Tidal hour
Fig. 3 (Top) Leadline depth relative to the tidal cycle. Thick lines show the median of all depth measurements in each tidal hour; shaded regions
show the 25th-75th depth percentiles. (Bottom) Leadline depths sorted from shallowest to deepest tidal hour, rather than chronologically. The stack
of 3 numbers on the x-axis provides the tidal hour for each net type. Times of high (H) and low (L) tides are indicated, and the three horizontal lines
show the potential maximum net depths assuming 5” mesh. For comparison, the right-hand plots in both panels show the depth distribution of
Chinook and sockeye measured near the western boundary of the ESSN in 2013

Table 2 Median leadline depths (m), calculated using the
depth data after ordering it from shallowest to deepest
(medians are calculated after combining data for all simi-
lar net types)

Percentiles

25th 50th 75th 100th
29 mesh 1.52 1.75 233 3.20
36 mesh 190 210 275 408
45 mesh 1.85 247 331 523
Depth difference (29 and 45 mesh nets) 033 072 098 203

Although most Chinook are probably captured around
slack water, it is unknown when during the tidal cycle
most sockeye are harvested. With their surface-oriented
depth distribution, sockeye are potentially exposed to

the nets over much of the tidal cycle, but their direction
and speed of migration within the ESSN relative to net
orientation may change with the stage of the tide or time
of day, and net efficiency is probably affected by the dra-
matic changes in net shape that must occur over the tidal
cycle. Setnets (a form of gillnet) are usually thought to be
most effective when they are hanging vertically, which
occurs only at times of slack water in Cook Inlet. How-
ever, because both the leadline and floatline were secured
to a series of anchors placed on the seafloor every 60 m,
setnets must become C-shaped in cross section as cur-
rent strength increases (Fig. 2), a shape which may also be
quite effective at catching salmon in near-surface waters.
Unfortunately, detailed information on catch rates at var-
ious stages of the tide is lacking.

One management practice that could potentially
reduce Chinook harvest would be to institute fishing
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closures during the aggregate ~4 h of slack water occur-
ring each day when the nets reach their maximum depth.
However, this is almost certainly infeasible—there are 4
tidal periods per day that all nets would need to be simul-
taneously lifted out of the water for relatively brief peri-
ods, and the time of slack water varies geographically as
the tide progresses up Cook Inlet. Additionally, if most
sockeye harvest occurs during slack water, then remov-
ing the nets during this period could have a large negative
impact on the sockeye fishery.

A more practical alternative is to consider having the
ESSN fishery switch to reduced-depth nets and avoid
fishing in much of the Chinook depth distribution. At
slack water when nets hang vertically and are thought
to fish most effectively, switching to 29 mesh instead of
45 mesh nets would reduce Chinook exposure to cap-
ture by about half, but have a much smaller effect on
sockeye exposure. The precise size of the reduction in
sockeye harvest is somewhat difficult to predict because
it depends not only on the depth data, but also on the
unknown fishing efficiency of the nets over the full tidal
cycle (i.e., at times beyond slack water). However, uncer-
tainty in the predicted change in relative exposure of
the two salmon species could be managed in practice by
measuring subsequent escapement rates into the river
and incorporating that information into existing man-
agement practice as part of an adaptive management
experiment.

Our results depend on the assumption that the lead-
line depth measured at the sensors applies to the leadline
depth of the entire net as well as to the broader popula-
tion of nets, which seems reasonable. Close inspection
of the individual leadline depth profiles (reported in the
Additional files) shows no indication that the leadlines
were contacting the bottom. Further research on the
depth distribution of sockeye and Chinook within the
ESSN, as well as on net efficiency at various stages of
the tide, could usefully strengthen our results and their
potential utility to management.

Conclusions

In the near-term, reducing the maximum depth of all
nets in the fishery to 29 meshes (or less) would likely
bring a potentially significant reduction in Chinook har-
vest. Sockeye harvest rates would be affected, but losses
could be mitigated by small increases in the amount of
allowable fishing time while still reducing overall Chi-
nook harvests. However, we suspect that large increases
in both the overall economic value of the Cook Inlet
salmon fishery and escapement to various regions within
Cook Inlet could be simultaneously attained by applying
formal optimization approaches to combine the data on
fish depths and net dynamics with information on the
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biological productivity and current status of all Cook
Inlet salmon stocks. The dynamics are relatively com-
plicated and beyond our current goals; however, such a
strategy could potentially enable managers to achieve
high rates of population rebuilding while maintaining
acceptable levels of employment and revenue (harvest) in
the near-term.

Such an analysis would ideally involve further telem-
etry work to verify the depth distribution of the two
species directly within the ESSN fishing zone, as well as
measurements to determine how the effectiveness of the
nets changes with the tide. However, in our view further
resolving the potential limitations in the telemetry data
is likely less important than assessing a range of man-
agement strategies that could take advantage of the dif-
ferences in migration depth, as these depth differences
are already widely recognized by fishermen in at least a
qualitative way. Such an approach could potentially lead
to substantial economic and social gains [25-28]. More
importantly, a broader assessment of management strate-
gies would allow laying out the potential gains and losses
to all stakeholders, as the sociological issues surrounding
trust and acceptance [8-10, 15, 17, 29, 30] are at least as
challenging as the scientific ones. Open sharing of telem-
etry data and quantifying in a transparent way the eco-
nomic and conservation benefits various management
strategies might achieve could contribute significantly to
building consensus between user groups.

Additional files

Additional file 1. Supplementary boxplots of net depth measurements.

Additional file 2. Figures showing the complete time series of net depth
measurements for depth recorders attached to net leadlines.

Additional file 3. Figures showing the complete time series of net depth
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Additional file 4. Summary tables of net depth measurements.
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