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ABSTRACT

This report compares by-catch mortalities of chinook and coho salmon during the fall Puget
Sound chum salmon season, for the two major gear types - gill nets and purse seines. Gill
netters can legally retain their chinook and coho; therefore landed catch of these fish is an
accurate measure of by-catch mortalities. Purse seiners are often required to release their
by-catch. Thus to best estimate purse seine by-catch rates, the record of chinook and coho
catches during the Apple Cove Point chum salmon run update test fishery, which uses
chartered purse seiners, was reviewed in addition to the landed catch records. The rate of
coho by-catch (number caught per 1,000 chums) was likely two or three times greater for
purse seiners than for gill netters, over the recent time period under which a 6-1/4”
minimum gill net mesh was required. Probably the majority of purse-seine-caught coho
can be released unharmed, if careful handling rules are enforced; this should be confirmed
with additional tests using on-board, trained observers.

For chinook salmon, it is evident that the purse seine by-catch rate is many times greater
than that for gill netters. The smallest chinook taken by the 6-1/4" gill nets are about four
pounds, yet the abundance in Puget Sound of (immature) chinook less than four pounds is
much greater than for those four pounds or more. Many purse-seine-caught chinook are
the smailer ones gilled in the net or descaled. Numerous literature citations of on-board
observations confirm that some 50% of purse-seine-caught chinook would be dead or
moribund, and others would die after release due to descalation or other capture stress.

Substantially improving the survival rates of purse seine by-catch of chinook could require
extensive modifications in gear and/or fishing methods; the testing of a 6-1/4” top “escape”
strip was one suggestion.
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Introdulction

The two major non-Indian gear types that harvest chum salmon in Puget Sound are
purse seines and gill nets. These two operate on quite different principles
concerning physical deployment and fish behavior. While targeting chums inthe
fall, each may take other fish species, sea birds, shelifish or marine mammals as by-
catch. Itis, of course, desirable to minimize by-catch, for several obvious reasons:
Other salmon species may be of low abundance; immature salmon of other species
should be allowed to grow to maturity and not be wasted as by-catch mortality;
other fish or shellfish may be contributing to valuable alternative sport or
commercial fisheries; or by-catch fish, birds, or marine mammals may be ESA listed
as threatened or endangered.

This report is directed to salmonid by-catch, i.e. what are the comparative by-catch
mortalities of chinook and coho salmon {and steelhead) in the non-indian purse
seine and gill net fisheries for chum salmon?

The Fishery

Puget Sound chum salmon is a growing and valuable resource, primarily ,
commercial {Figure 1). Both wild and hatchery segments are doing well in Hood
Canal {primarily hatchery) and Inner Puget Sound (primarily wild). Notonly has
abundance increased over the recent three decades, but so has the economic value
in real dollars per pound. The present ex-vessel price now exceeds $1.00/Ib.
whereas just 8-10 years ago it was a fraction of this. Furthermore, a growing
portion of the gill net catch, now about 20%, is marketed directly to consumers
through farmer’s markets and other channels, yielding to the fishermen perhaps
higher market values, which includes high egg value for caviar. (Purse seine

chum are not self marketed; the volume of the catch is probably too high to

make this practical.) Thus catches in recent years of say half a million 9-10

pound fish translates to total fishermen values that are in excess of five million



dollars. With the decline of other commercial salmon fisheries in Washington, Puget
Sound chum may be the most valuable non-Indian opportunity remaining.

Not only is the total value high, but the share by each boat has risen very
substantially due to license reduction over the past 20 years. Limits were placed on
the number of commercial licenses allowed and through attrition and Federally
funded buy-back the numbers were reduced over time to the present stable levels of
195 gill netters (over 1500 at the maximum) and 75 purse seiners (maximum of
over 300) (Table 1). Thus, seasonal catch values per gill net boat of $10,000-
$20,000 (or more, depending on self marketing}, and $50,000 or more for a purse
seiner, are significant add-ons to salmon fishing elsewhere, or to other species
fisheries or other jobs, In summary, the Puget Sound chum fishery is healthy and
understandably competitive — within and between gear types.

The total non-treaty catch, while growing over time, tended to go more and
more to the purse seiners (Figure 2), reaching as high as about 90%. Recently,
the proportion by seiners has decreased somewhat and is presently 75-80%. A
purse seiner employs a crew of 4-5, whereas a Puget Sound gill netter may
employ a crew of one. Purse seiners tend to do relatively better than gill netters
on big runs (Figure 3), since they are less restricted in maximum catch per day.
On average, gill netters even on a big year, could not pick and hold more than
say 1,000 fish per daily period, whereas a modern seiner could catch and hold
10,000 or more per day. Southeast Alaska pink saimon is an analogous example.
The bigger the run, the lesser the proportion that could or would be taken by
gill netters.

Gear Description - Gill Nets

Gill nets are walls of large mesh, relatively fine but strong twine that are set
perpendicularly to the strongly motivated, uni-directionally migrating mature
salmon. In Puget Sound the gill nets are a legal maximum of 1,800 feetlong,
suspended from the top by a row of floats (corks) and weighted by a leaded rope at
the bottom. The fine netting has diminished visibility to the fish, and their
migratory proclivities cause them to attempt to swim through the net. Ifthe
perimeter of the mesh (which hangs in the water as an open parallelogram of four
equal length sides] is less than the maximum girth of a fish, it can’t get through. If it
does get through beyond the gills it can’t easily back out and will probably get
caught - hence the term gill net. But a fish with a maximum girth less than the
perimeter of the mesh will tend to swim right through. Big fish, which maybe could
stick their head into a mesh but not up to the gills, would tend to bounce back and
not get caught.

Thus, gill nets are well known the world over, in both commercial fisheries and
research, to be potentially very size selective. (Pauley, 1984, pp 12-18; Murphy and
Willis, 1996, chapter 7} For example, if you want to target big salmon like kings,



(mature chinook) but minimize by-catch of a smaller species like sockeye, you
specify by law the minimum mesh size allowed. In Southeast Alaska when targeting
spring running kings, which average about 20 lbs., while minimizing by-catch of
sockeye (averaging about 6 lbs.}, the Alaska Department of Fish and Game (ADFG)
sets a 7” mesh size minimum. If they catch you with a smaller mesh net, they will
confiscate your catch and charge a healthy fine. If they find you usinga 7.5" net for
kings, that's OK because the law said a minimum of 7~ and a sockeye is even less
likely to be caught in a 7.5” net than a 7" net.

The mesh, being a parallelogram or open diamond when hanging in the water, can
be stretched into a straight line by hand out of the water, pulling at the top and
bottom points of the mesh. Hence the law usually reads “a 7 inch {or whatever size)
stretched mesh” gill net minimum. To enforce mesh size is straightforward. You
encounter a boat on the water as it is pulling the net, hang a 10 Ib. weight on several
meshes and measure between knots of a mesh, or even simpler, encounter the boat:
at the dock after a fishing opening. Since this “stretched out” diamond really has
two sides of twine, the total perimeter of the 7" mesh as it hangs in the water is 14"
If you took a piece of string and measured the girth of sockeye salmon at their
thickest point closely behind the head and gills, you would find very few with a girth
bigger than 14"; they swim easily through the 7” net.

In Puget Sound a 6-1/4" stretched mesh minimum for all chum salmon gill
netting was enacted by 1995 after discussion between the Washington
Department of Fish and Wildlife (WDFW) and the gill netters. Prior to that it
had been a 6" minimum for the chum season (October-November). The larger
mesh size was specifically enacted to minimize as much as possible the by-
catch of coho, steelhead and immature chinook (blackmouth} which all tend to
be smaller than adult chum. Gill net fishermen had to buy new gill nets at a cost
of $5,000-$6,000 to comply with the new regulation.

There is no WDFW depth restriction on gill nets. In practicality about 200 meshes
or approximately 100 feet is about as deep as these nets go. (Each “diamond” of a 6~
1/4" stretch mesh net hangs in the water slightly less than 6”}.

The net is set straight, or maybe with a slight bow perpendicular to the direction
from which the fish are coming, and it drifts with the tide. The time of the set varies,
depending on tides, winds and patience of the fisherman. Aslongas it stays straight
and perpendicular to the direction the fish are swimming it is effectively and
passively fishing. When pulled back on an hydraulically operated drum (actually the
boat is pulled to the net, not the other way around which would be impossible given
the drag on the net), the fish are picked out one by one. Understandably most fish,
both target and by-catch, are dead or would die from injuries and /or stress if
released. So the WDFW allows by-catch of non chum salmon species to be retained



and sold (not steelhead, however, these have been given recreational status and
can'’t legally be sold).

The boats range from about 24 to 40 feet long. The smaller ones tend to be faster
bow pickers (net roller in the bow), with hold capacities as small as about 3-4,000
pounds. The bigger stern pickers can hold upwards of perhaps 10,000 pounds on
average. Some of them carry ice during the chum season, particularly self-
marketers.

Gear Description - Purse Seines

Salmon purse senies are walls of small-mesh, heavy-twine nets towed in a circle
around a school of fish or set in a “U” shape with the opening to the oncoming
direction of migrating fish, and held open for some time as the captain may desire.
Two boats do the job, the seiner, a 40’-75’ long boat (mostly about 58’ to comply
with Alaska’s maximum allowable length, where most of the Puget Sound boats also
fish) with a crew of 4 or 5 at one end of the net, and the seine skiff, a high powered
16-24’ open boat, at the other end. The net is suspended by large, closely spaced
floats at the top and a heavily leaded rope at the bottom. Attached to the bottom
rope at short intervals are steel rings through which a strong rope (purse line)
passes. As the net encircles the fish, the “U” is closed by running the main vessel and
the skiff together. The skiff then casts off from its end of the net. Now both ends of
the net are attached to the main vessel on the hauling side, and the net is still,
hopefully, in more or less a circle. The skiff goes to the non-hauling side of the net,
takes a fore- and aft-bridled tow line, and drives perpendicularly away from the
main vessel trying to hold it sideways away from the very sizeable net, This s to try
and keep the net in its essentially circular shape and keep the net away from the
running gear of the main vessel as the back-hauling process begins. The first part of
the haul-back is to draw in the purse line with a heavy-duty, deck mounted capstain.
Drawing in the purse line bags up the bottom of the net, and now, presumably,
you've got the fish with no escape holes. Then the net, including both the top cork
line and bottom lead line is worked back aboard the seiner via an overhead,
hydraulic, boom-mounted power block or a deck-mounted drum until only a small
pocket (bunt-end; very heavy mesh) holding the payload is in the water. With the
power block style used by most seiners (since the drum style is not allowed in
Alaska}, two or three men stand at the back deck stacking the net as it comes back
down through the power block. This is hard work since the mess of corks, web, and
leads is coming at you fast, maybe loaded with jelly fish or other debris, and must be
stacked in orderly, separate piles of cork line, mesh, and lead line. it hasto be
stacked properly so as to go out smoothly on the next set. With a drum you don't
need the stacking crew and can get by with a couple less crew.

Once down to the bunt, the fish are either rolled on deck with boom-mounted winch
lines, or removed in successive “dips” with a large, winch operated dipnet called a
brailer. The rolling-aboard process is quicker and thereby favored, but for large



catches which might roll the boat over if yanked too enthusiastically, smaller “bites”
with the brailer, or “splits” (rolling bit by bit) could be needed. In any case, a big
haul is a pretty busy process involving several hardworking people who have to
know what they are doing.

The maximum legal length of a purse seine in Puget Sound is the same as for a gill
net - 1,800 feet. Additionally, seiners are allowed a 400 foot lead net which is not
supposed to be attached to the main net. This may be placed shoreside, in
perpendicular fashion, to lead fish that are migrating close to the beach outward
into the seine. There is no legal depth maximum for a purse seine - whatever can be
practically handled. A depth of about 200 feet may be the norm, with a maximum of
about 235 feet. The legal minimum mesh size for the main body of the net was 4”
until recently changed to 3-1/2” to match SE Alaska’s rule, Thus, Puget Sound purse
seines are either 3-1/2" or 4” mesh size, with no practical difference between the
two. They don’t have to be of reduced visibility like gill nets, but do have to be
strong enough, particularly in the bunt end, to hold catches into tens of thousands of
pounds. The 3-1/2” to 4” mesh is a practical choice - small enough to hold all
salmon of marketable size down to about two pounds for SE Alaska pinks, but big
enough to pass fingerling salmon and bait fish.

An exception to the 3-1/2” to 4” mesh size is the “top strip”, a “strip” of seine
material being 100 meshes deep. Seiners for several decades have been required to
build into their nets a strip of 5” minimum mesh at the payload end when fishing
chum salmon in the fall. The required top-strip length is now 75 fallons (450 feet of
the 1,800 foot total length). The history of the 5” strip is worth presenting, because
this is one feature of a purse seine that is size selective. It is internded to allow
immature salmon smaller than about three pounds a potential escape route as the
netis hauled back.

In the 1960’s, the Washington Dept. of Fisheries (WDF, now WDFW) became
concerned about the number of immature chinook and coho (fish of roughly 15” to
20" in length) that were being gilled in the 4” seine mesh of the time. WDF was
trying to rebuild the badly depleted Puget Sound winter sport fishery, which took
fish at the minimum sport size limit then of 16” (it has since been raised to 22” for
chinook). WDF estimated that several thousand (Cole, 1975) of these small fish
were being killed in Puget Sound purse seines during the fall chum season and
thrown back since there wasn’t a market for such small fish particularly if damaged
by the net. So WDF did controlled experiments with purse seine webb of 5” mesh on
top versus 4" mesh throughout and concluded that about two-thirds of the fish in
the 15” to 20” range, susceptible to gilling in a 4” mesh would swim through a 5”
mesh (Fiscus, 1964). Chum salmon, being 9-10 pound fish would not fit through a
5” mesh, so here was a mechanism that could potentially save many small chinook
and coho without loss of chum harvest capability.



The Fishery Management Regime

The main fall chum fishing areas for both purse seiners and gill netters are 10 and
11 of South Puget Sound and Area 12 for Hood Canal. Areas 10 and 11 include most
waters south of a west-east line between Apple Cove Point (Kingston side) and a
light on the Edmonds breakwater, and down to the lower ends of East and West
Passages. Area 12 is Hood Canal south of the bridge and down to Misery Point.
Historically upper Sound areas, Admiralty Inlet and Discovery Bay were also
allowed. Fall chum fishing by both gears is also allowed at times in areas adjacent to
Skagit and Snohomish Rivers, but such fishing activity is not considered in this
report. Also, there are various sub-areas within Areas 10-12 for special fisheries or
gears, but I have not considered these either.

WDFW has been historically consistent in its management approach. It attempts to
forecast preseason run strength from standard tools such as sibling analysis,
escapements, climate and hydrological analysis at early life, etc. Then it does run
strength updates from catch analysis of weekly test fishing at Apple Cove Point
during the season using chartered purse seiners. The tendency was to equalize
allowed fishing periods each season (partial days) between the two gear types, and
alternate weekly openings between the two, to try and give each gear some level of
equality at “first crack” at the fish. The season runs roughly as a six week period
starting around October 10 and running through mid to late November. Generally
1-3 fishing periods (days) each week would be allowed depending on run strength.
The fishing periods for purse seiners are daylight hours - generally 9 to 11 hours
per day as these change through the season, and for gill netters the night time hours,
which with allowance for full change of light at dusk and dawn would give them
several more actual hours per period than purse seiners. In Area 12, the gill netters
now fish during the day light, not nighttime as in 10 and 11, but with more hours
than purse seiners to get change of light at either end.

There was a substantial shift in this long term pattern of equal fishing periods in
favor of the gillnetters in 2003, in recognition of an increasing catch share by the
seiners (Figure 2), and a change in statute which directed WDFW to encourage
“niche” marketing. Gill netters were also given “market openings” for Areas 10 and
11, beginning in 2008; these are half-night openers late in some weeks to promote
gill netters’ self marketing in weekend farmer’s markets and the like. Another
added opportunity for the gill netters occurred fortuitously toward the end of the
2011 season when there was such a small portion of the allowable harvest left that
the WDFW didn’t wish to risk overfishing by the more powerful seine fleet. So, gill
netters were given three extra days above the preseason announcement. WDFW’s
caution in this regard may be due to overfishing and underescapement several years
previously by the more powerful seine fleet.

In addition to concern with the economic well-being and stability of each of these
historic gear types, the WDFW’s responsibilities are to preserve the stocks through
optimum spawning escapement and habitat maintenance, and to achieve full






