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Thermal Mark Technology for Inseason Fisheries Management:
A Case Study

Peter Hagen, Kristen Munk, Benjamin VanAlen, and Bruce White

AssTrACT. Effective management of wild and hatchery salmon stocks in Alaska requires rapid and accurate deter-
mination of each component in commercial mixed stock catches. Marking 100% of the hatchery fish with ther-
mally induced bands on their otoliths can potentially reduce uncertainty in the management of mixed stock fisher-
ies, this premise being the subject of our investigation. In 1992 and 1993, adult hatchery pinlOsaionbynchus
gorbuschathat had been thermally marked by prescribed water temperature manipulation in Gastineau Hatchery
passed through commercial fisheries on their return to this Southeast Alaska hatchery. In 1993 we processed
otoliths that had been collected from the fisheries in 1992. We also applied an inseason recovery plan to process
otoliths from the 1993 run; from a random sample of 400 heads collected from each of 5 commercial and 3
experimental fisheries, 100-150 otoliths were subsampled and examined within 24 h to provide managers with
inseason estimates of composition. Later, additional otoliths were processed to increase precision around the esti-
mates and to develop quality control cige total of 3,870 heads from the 1993 fisheries were collected, from
which 952 otoliths were processed inseason and 1,359 postseason. The final precision, based on the 95% confi-
dence intervals, fell withi2% of the point estimate for each fishery. The accuracy of detecting marked otoliths
was determined by planting 17 known marked otoliths into samples processed for the inseason estimate. All planted
otoliths were correctly identified. Pemnel were trained to process and read otoliths as part of this project. Their
progress was evaluated through samples containing both known marked and known unmarked otoliths and by
determining between-reader agreement. The results confirmed the importance of training and indicated that, when
learning to detect thermal mark patterns, individual skilketigyment varies. We found thermal mark recovery in

this study to be a timely and costesffive tool for managing mixed stock fisheries.

INTRODUCTION able to adjust the location and duration of openings
during the fishing season, but in the absence of accu-
Management of Pacific salmon fisheries containfate and timely information on stock composition,
ing commingled wild and hatchery stocks has receivedchieving optimal harvests of either hatchery or wild
considerable attention with respect to the likelihoodcomponents is difficult.
and consequences of overharvesting wild stocks (e.g., One mixed stock commercial fishery for pink
Wright 1993). The concern arises because salmon prealmonOncorhynchus gorbuscha SoutheastAlaska
duction from hatcheries can make assessment of wifatcurs along the western shore of Admiralty Island
stock abundance difficult and reduce managemeretween Point Marsden and Funter Bay, an area known
effectiveness in controlling harvests to meet escapas the Hawk Inlet Shore (Figure 1). After entering Icy
ment needs (Wilbur and Frohne 1989). By state statraits, adult pink salmon returning to the inside waters
ute (AS 160.5730), Alaska’s managers are directed tf northern Southeast Alaska pasotigh this area
achieve sustained vyield of wild stocks and, secondefore turning north to Lynn Canal and Stephens
arily, sustained yield of hatchery fish. Managers ar@®assage or south to Chatham Strait. Because of the
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abundance of stocks, the Hawk Inlet Shore can be mingled wild stocks (Ingledue 1989), so other means

productive fishery. (e.g., tags and marks) are necessary for hatchery-wild
Pink salmon returning to Gastineau Hatchery, atock discrimination.
private nonprofit salmon hatchery ope@by Douglas Coded wire tags, combined with adipose fin clips

Island Pink and Chum, Inc. (DIPAC) in Juneau, alsdo visually indicate a tagged fish, have been the primary
pass through the Hawk Inlet Shore. This run is betool used to identify hatchery stax The prolkem with
lieved to peak in that area during the month of Julyhis method is that, due to the volume of the releases,
(DIPAC-TRC 1990), which is temporally similar to 100% marking of all releases has been impracticable
the local wild stocks. Purse seine openings on Hawénd prohibitively costly. In addition, the small size of
Inlet Shore target harvestable surpluses of northpink and lumO. ketasalmon makes coded wire tags
migrating wild stocks in July. Commingled hatcheryparticularly difficult to apply. As a consequence, un-
pink salmon complicated assessment of the abundancertainty surrounding contribution estimates becomes
of wild stocks. Reliable inseason estimates of hatcha function of the estimated proportion tagged and the
ery abundance have not been feasible, in part, becausstimated proportion of the run examined for adipose
management decisions on timing and location of operiin clips. Tag-induced mortality and tag shedding fur-
ings must be made within a short time frame. Previther complicate the estimates (Clark and Bernard
ous studies have shown no difference in fish length dt987). A making system that provides 100% iden-
weight between DIPAC pink salmon and the comdification greatly simplifies the basis for determining
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Figure 1. Dates and locations of the commercial purse seine fisheries sampled for otoliths in 1993.
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contribution estimates. In particular, the sample sizeeine gear. From 1980 to 1993, purse seine catches of
needed to achieve any given level of precision is unafink salmon in the area encompassing Hawk Inlet
fected by the total population size. Shore have ranged from 0.45 million to over 3.4 mil-
Brothers (1985) and Mosegaard et al. (1987) firslion.
suggested using manipulated rearing conditions to mass By regulation, purse seining along the Hawk Inlet
mark otoliths of fish. In 1990 Volk et al. (1990) de- Shore in July is managed according to a management
scribed a system that marks 100% of the fish iplan for the northern SoutheastAlaska purse seine fish-
a salmon hatchery by subjecting the fish to a sequenegy (Ingledue 1989): seining is allowed when a har-
of planned temperature drops to induce marks in thewrestable surplus of pink salmon are observed and is
otolith microstructures. A rapid temperature drop diselosed when 15,000 nontargeted sockeye salmon
rupts the process of normal otolith growth and proO. nerkahave been harvested. Purse seine openings
duces an optically dark ring in the otolith. Theseare determined by pink salmon abundance monitored
thermal rings are similar to “check rings” observed inn nearby areas. Early season fishing is delayed until
other fish (Campana 1983). The rings, which arearly runs have shown sufficient strength. If early runs
induced during incubation, can be recovered from aduéire not strong, seining is delayed until late July, when
fish by slightly grinding the otolith and viewing its middle runs begin developing. Fishing for middle-run
center using conventional microscopy. Varying thepink salmon begins with 15-h openings and expands
number and spacing of the induced rings can produédethe run develops normally. Fishing continues until
unigue patterns to distinguish between similarly treatedarly September during years of large returns.
adult hatchery fish from other hatchery groups and wild  In August the Hawk Inlet Shore is managed ac-
stocks. cording to pink salmon run strength in Lynn Canal
Munk et al. (1993) described the use of this methodnd Stephens Passage. If those escapements are doing
by DIPAC to successfully mark 33 million pink well, fishing is also allowed along the Point Idaen
salmon. Thermal marks were found in all fry exam-Shore; if escapements are poor, the area north of Point
ined prior to release. Subsequent markings by DIPA®arsden remains closed.
indicated the cost, based on the expense of heating the Pink salmon returning to the northern inside areas
water, was <$0.03 per 1,000 fish. The release of theof Lynn Canal and Stephens Passage are conceptually
mally marked DIPAC fish also allowdtie Alaska managed as a single stock, although the area contains
Department of Fish and Game (ADF&G) to investi-hundreds of distinct spawning poptides. Aerial
gate how rapidly marks could be recovered from adulturveys of streams and corridor areas are conducted to
otoliths and to assess potential use for inseason fishérelp determine pink salmon run esigth. Adlition-
ies management. ally, fish wheel samples from the Taku River indicate
In 1993 ADF&G and DIPACentered a coopera- pink salmon escapements to that river (McGregor et
tive agreement. Objectives of the agreement were tl. 1991). Pink salmon catch per unit effort in the
(1) provide managers with timely estimates of the conStephens Passage drift gilinet fishery and in the Hawk
tribution of hatchery and wild pink salmon to mixedInlet Shore purse seine experimental fishery provide
stock fisheries, (2) develop laboratory procedures foan index of run strength.
rapid otolith processing and establish training methods
and a quality control system, and (3) describe the tem-
poral distribution of wild and hatchery fish in the METHODS
sampled fishées. With funding and logistical support
provided by DIPAC, hatchery contributions were to  In 1990 DIPAC thermally marked about 33 mil-
be determined by ADF&G from otoliths collected fromlion fry (Munk 1993) and in 1991 about 51 million
the 1992 and 1993 mixed stock fisheries in Northerifry. These marked fish were recovered 2 years later in
Chatham Strait. the 1992 and 1993 fisheries.

DESCRIPTION OF FISHERY Sample Size Considerations

When determining the number of heads to collect

Prior to statehood (1959) several fish traps weréor each fishery sampled, we considered the level of
located along the Hawk Inlet Shore, and since statemcertainty or range of values around a point estimate
hood, these waters have been opened by ADF&®at managers were willing to accept. One approach
emergency order to the harvest of pink salmon by pursgas to consider the question in terms of the risk of not
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Figure 2. Sample sizes, that over the range of hatchery-fish proportions in mixed stock fisheries, are necessary tb&thieve a 9
confidence interval withif5 percentage points of the estimated contribution. Calculations are based on the exact binomial

method.

knowing the true abundance of wild fish and the assd<Cl) fell within +5 percentage points of our estimated
ciated costs of making an incorrect decision based dmatchery proportion.

imprecise information (Wilbur and Frohne 1989;  Working with large populations, where sampling
Francis 1992). However, given the pilot nature of thisvithout replacement can be ignored, the distribution
project, we used a common approach and the one mastotoliths can be considered binomial: hatchery or
familiar to management: we collected enough samplesild stock. We used the exact method of approximat-
to guarantee the calculated 95% confidence intervaisg the binomial distribution to estimate sample sizes
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Figure 3. The 95% confidence range (upper limits minus lower limits) for a worst-case contribution of 50% hatchery fish as a
function of increasing sample size.
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because it is slightly more conservative than the momance and to monitor composition of hatchery and wild
commonly used normal approximation (Daly 1992)stocks, particularly during weeks in which no fishery
The upper limit to the number of samples we neededas conducted.
to examine was based on the scenario offering the least
amount of precision for a given sample size. FO5ampling and Processing Logistics
a binomial distribution, that situation occurs when
a population contains 50% hatchery and 50% wild fish  In 1992 ADF&G collected adult pink salmon
(Figure 2). On this basis, if the actual proportion ofotoliths from several commercial and test fisheries in
hatchery fish in a population was 50% and 402 fismorthern Chatham Strait (Figure 1). Most of these were
were randomly subsampled, then over a large numberocessed postseason in 1992, but some were processed
of years, 95% of the point estimates would fall bein 1993. Several pink salmon carrying DIPAC coded
tween 55% and 45%. Rounding to 400, this was theire tags were also recovered in 1992; all examined
minimum sampling objective for each commercialhad thermal m&s. These initial samples confirmed
opening and test fishery. that thermal marks could be recovered from adult fish,
An important attribute of the binomial distribu- which enabled a strategy to be developed for sampling
tion illustrated in Figure 3 is that gain in precisionand processing otoliths in 1993.
(indicated by the decreasing 95% Cl) flattens as sample The 1993 commercial fisheries at Point Augusta,
size increases. Relative to per-unit processing coghe Hawk Inlet Shore, and the Point Marsden Shore
there is probably a point of diminishing returns. For gFigure 1) were sampled from July 1 to August 10.
fishery composition of 50% hatchery fish, it would Sampling procedures in 1993 were similar to those in
take substantially more than 400 samples at considet992. A portsampler collected 400 pink salmon heads
able cost to gain much more precision. at the processing plant after each opening. The collec-
Because the actual proportion of hatchery fish wagons were distributed throughout the unloading pro-
probably <50% and because minor reduction in precess and represented multiple vessels. Fish were
cision was acceptable, we decided that processing 4@@lected without apparent bias. Radio communication
otoliths for our inseason estimates would be unnecesg+th observers on the fishing grounds and interviews
sary, particularly due to our goal of providing a quickwith vessel skippers and crews ensured that catches
turnaround of information to managers. from other areas were not sampled. The same sam-
We decided to use a 2-tier approach in our laborgling criteria were applied to test-fishing operations;
tory processing schedule. After the otoliths arrivedafter each seine set the catch was placed on deck and
a subsample of approximately 100 was processed farsample of 100 to 150 pink salmon were selected.
our inseason estimates. If 50% were hatchery fisi he remaining fish were then counted into the hold,
a sample size of 100 would provide an approximatand the heads of the selected fish were removed. Each
95% Cl around estimates withid0 percentage points collection of heads was tracked by its set number.
of the true proportion. The fishery managers believed Fish heads from the commercial catch and test fish-
this would be adequate. The number of samples wasies were immediately transported by air to Gastineau
also small enough to process within a timely mannekHatchery in Juneau, where a crew of 3—4 dissected the
Later, the remaining samples were processed postseadeliths and mounted them onto glass slides. Fish heads
son to examine the increase in precision around theere generally split between the eyes, and the left and
initial estimaes. The mmber processed followed right sagittal otoliths were dissected and placed in 1 cell
Cochran’s (1977) sequential scheme, although otherf a 96-cell tray. If the dissector was unable to recover
potential methods, such as a Bayesian approach (Fudhe left sagittae, an orange bead was placed in the cell;

et al. 1993; Geiger 1994), were considered. if the right sagittae could not be recovered, a yellow
bead was placed in the cell. Pertinent otolith dissec-
The Test Fishery tion information, including the total number of sets

(pairs) of otoliths successfully dissected, was recorded.
In 1992 and 1993 ADF&G conducted an experi-  After the first 100 otolith pairs were removed, part

mental or test fishery 1 d each week during the conof the crew started to prepare the otoliths for inseason
mercial fishing season along the Hawk Inlet Shoreprocessing, while the rest of the crew members con-
These test fishery operations were composed of thréi@ued dissecting the remaining otoliths for postsea-
or four 20-min purse seine sets along a north-soutbon processing. To clean the otoliths of blood and other
gradient using chartered commercial segssels. The tissue, we placed them in a 0.5% chlorine solution until
purpose was to establish an index of relative aburthey appeared white (approximately 10 min). Several
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rinses were then performed beginning with a dechloriwere then transptad to the ADF&G otolith labora-
nating solution followed by tap water. We carefullytory by 0800 hours the following morning. The insea-
decanted otoliths after every rinse, and a 90% ethansbn samples, initially 100 specimens per strata and an
solution was finally added to each cell (later this wasdditional 150 specimens later in the season, were
allowed to evaporate). manually ground using 1,200-grit abrasive paper and
Left sagittal otoliths from each pair were mounted3-um lapping film. Grinding removed the overlying
sulcus-side-up on individually labeled glass slides ustayers of otolith material and exposed the otolith mi-
ing thermoplastic cement. If the left sagittae was misserostructure formed during the first winter of growth.
ing from the cell, then the right sagittae was mounte@his was examined for the 5-ring thermal mark identi-
and labeled accordingly. Pertinent specimen mountying the DIPAC 1991 brood year (Figure 4). Mark
ing information was recorded on the sample invoicedisposition for each specimen was recorded. Those
The dissection of all otoliths and mounting of thosespecimens identified as DIPAC fish were reconfirmed
otoliths used for inseason processing was typicallprior to tabulating the results.
completed by 2200 hours on the day they were When the initial batch of samples was completed,
sampled. the information on the mark-to-unmarked ratio and the
Slide boxes containing mounted slides, storagassociated 95% Cls were provided to the fishery man-
trays of otoliths, and a copy of each sample invoicagers. Typically, inseason processing and mark deter-

Ring spacing

DIPAC Pink Salmon 3.46
1993 Adult Recovery 315 ﬁm

3.15 um
3.30 um

e

Figure 4. Digital image of an adult pink salmon otolith showing the 5-ritigrpg(indicated by the lett&) characteristic of the

DIPAC 1991 thermal mark. The distance (microns) between the thermal rings displayed from top to bottom corresponds to

the inner to outermosings. The letteP identifies the location of a primordia that is used as a reference point for locating
the thermal rings (250x).
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mination was completed by 1200 hours on the samgamples were obtained from commercial fisheries in
day the samples were received in the laboratory.  southern Southeast Alaska, where the chances of col-
lecting a DIPAC fish were negligible.
i ; The laboratory supervisor, otolith reader C, re-
Training and Quality Control viewed the determinations made by readers A and B
After receiving instruction on how to recover and also provided inseason estimates of contribution.
thermal marks, 2 technicians processed the 1993 cdReader C's determinations were evaluated by planting
lection and a third processed the remaining 19927 known marked otoliths into samples shipped to the
samples. Initially, the technicians were taught to dislaboratory for inseason processing.
sect, prepare, and process otoliths from voucher speci- Between-reader comparisons were also performed
mens (i.e., representative samples of pink salmon fiyy which readers A and B exchanged samples they had
obtained from the hatchery and preserved in alcohgirocessed and made independent determinations on
before their scheduled release into the ocean). Thesach otolith. Three comparisons were conducted: reader
voucher specimens became the standard or definitivereexamined a sample of otoliths processed by reader
mark pattern by which the technicians identified marksB (trial 1) and reader B reexamined 2 samples of
Because fry developmental stages can vary duringtoliths processed byeader A (tials 2 and 3). The
imposition of thermal marks, the mark locations andeaders identified the otoliths as marked, unmarked,
ring spacing may vary among individuals of a markor uncertain. The uncertain category was allowed be-
group. The telnicians took measurements from acause it was used routinely to flag otoliths that needed
central primordia (lgure 4) of the voucher otolith to more evaluation. These data were later used to evalu-
the first ring of the mark and measured the width o&te options for measuring statistically tractable levels
the mark. These measurements were used to help idef-agreement and reliability using Cohen’s Kappa
tify the marks in adultish. Video prints of selected statistic (Fleiss 1981).
vouchers showing the range of mark variation were
displayed on large poster boards to provide quick-
reference visual aids to assist with difficult patterns. RESULTS
Technicians were also trained to process adult
otoliths. Being careful not to grind through the core Sampling and Processing
surplus mounted otoliths were ground down to opti-
mally elucidate the primordial core by alternately grind- ~ An important objective of the project was to
ing and viewing until several primordia becameeVvaluate the feasibility of using otolith thermal mark
distinct. The technicians learned to reduce processirigcovery to meetinseason management needs for hatch-
time by controlling the pressure exerted during grind€ry-fish proportions in the catch. Rapid processing of
ing and by becoming familiar with variations in otolith heads and otoliths was critical; we experienced little
patterns and shapes. difficulty satisfying the planned sampling and process-
After approximately 4 weeks of training, the tech-ing requiements. The -Ziered processing schedule
nicians began to examine samples containing a mixvorked well, and by the end of the project we had
ture of marked and unmarked otoliths. They wergained valuable experience on how to efficiently sched-
instructed to classify the otoliths as marked, unmarkedile resouces. The averaghssection rate was approxi-
or unknavn. Theunknown category was used to iden-mately 75 heads per hour per individual, the average
tify problematic otoliths that were then openly com-mounting rate was 35 otoliths per hour per individual,
pared and discussed amongst the technicians and thied the processing and initial mark-determination rates
supervisor before a final determination was made. were 60 otoliths per hour per individual. ADF&G was
After gaining some familiarity with thermal pat- able to provide managers with inseason estimates of
terns, otolith readers (tkoicians) A and B began to hatchery contribution within 24 h of a test fishery or
process the 1993 postseason samples. They wdrem the time commercial fishers delivered their
formally tested on their ability to identify wild and catches to processing plants.
hatchery fish by processing samples in which 17 known
marked and 47 known unmarked otoliths were planteggg? Fishery
into samples from the commercial dag¢s. The known
marked fish were obtained from the first returns to the In 1992 ADF&G gathered otoliths from 2 test fish-
hatchery, and their identity was further validatederies and from 4 of the 5 commercial fisheries along
through otolith examirton. The knownunmarked the Hawk Inlet and Point Marsden Shores. Pink salmon
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Table 1. Number of adult pink salmon caught in 4 commercial (CF) and 2 test (TF) fisheries in 1992, the
number of otoliths processed, the point estimates, and estimates of precision.

Percent DIPAC Returns

Pink Otoliths Number Point 95% CI 95% CI
Date Location Caught Processed marked Estimate upper lower
7/10/92  Hawk Inlet TF 1,148 385 5 1.3 3.0 0.4
7/19/92  Pt. Augusta CF 7,434 102 7 6.9 13.6 2.8
7/20/92  Hawk Inlet TF 4,980 382 44 11.5 15.2 8.5
7/23/92 Hawk-Marsden CF 218,873 95 12 12.6 21.0 6.7
7/26/92  Hawk-Marsden CF 246,311 100 12 12.0 20.0 6.4
8/3/92 Hawk-Marsden CF 200,088 100 8 8.0 15.1 3.5
TOTAL 1,164 88 7.6

counts from the fish wheel on the Taku River, used aFigure 1). Early season test fishing and aerial assess-
a relative index of escapement, indicated the pinknents along the Hawk Inlet Shore indicated a strong
salmon return to the inside waters was average. Tecbarly run for the inside waters. That run never materi-
nicians processed 1,164 otoliths from the 1992 samplesized, and resulting pink salmon escapements to the
(Table 1). The results showed that DIPAC had contribinside waters of northern Southeast Alaska from up-
uted 7.6% of the run (Figure 5) and contributions wer@er Lynn Canal to lower Stephens Passage were ex-

highest between July 20 and 26. tremely weak. Theindex of run strength from the
ADF&G fish wheel on the Taku River had the lowest
1993 Fishery pink salmon count recorded since it was established

in 1984. Aerial escapement counts in Stephens Passage
All commercial purse seine openings in the studyand Lynn Canal were also below average. This de-
area were sampled in 1993: 1 openingpadfAugusta, pressed run contrasted with high catches in Chatham
1 along the Hawk Inlet Shore, and 3 on the PoinStrait and strong escapements along the inside of
Marsden Shore. In addition, weekly test fishing wasChichagof Island and the western shorddiralty
conducted for 3 weeks along the Hawk Inlet Shorésland (ADF&G 1993).
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Figure 5. Point estimates and 95% confidence intervals for the estimated proportion of hatchery fish in the commercial and test
fishery samples from the 1992 season.
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Table 2. Number of otoliths processed to meet inseason management needs for 5 commercial fisheries (CF) al
3 test fishing (TF) operations in 1993, the number of otoliths processed, the point estimates, and estimate
of precision.

Percent DIPAC Returns

Pink Otoliths Number Point 95% ClI 95% CI

Date Location Caught Processed marked Estimate upper lower

7/4/93  Pt. Augusta CF 11,347 99 0 0.0% 3.7% 0.0%

7/6/93  Hawk Inlet TF 9,255 100 1 1.0% 5.4% 0.0%
7/11/93  Hawk Inlet CF 80,471 91 1 1.1% 6.0% 0.0%
7/16/93  Hawk Inlet TF 1,708 158 5 3.2% 7.2% 1.0%
7/18/93 S. Marsden CF 264,053 99 0 0.0% 3.7% 0.0%
7/23/93  Hawk Inlet TF 2,847 137 2 1.5% 5.2% 0.2%
7/25/93 S. Marsden CF 487,592 119 2 1.7% 5.9% 0.2%
7/29/93 S. Marsden CF 387,373 149 0 0.0% 2.4% 0.0%

TOTAL 952 11 1.2%

From the 952 otoliths processed to meet inseasanal opening and test fishery, no significant differences
needs, 11 thermal marks were recovered (Table 2)ere found in the percentage of hatchery fish between
Based on these recoveries, DIPAC contributed 1.2%e boats sampled or between the location of the purse
of the run in the sampled fisheries, and run percenseine sets (chi-square tests: RI> 0.345), so these
ages were highest between July 11 and 26 (Table 3jlata were pooled in Tables 2 and 3. In no fishery did

With the inclusion of postseason otolith analysesthe inseason estimate of contribution change signifi-
a grand total of 2,331 fish (Table 3) were examinedgantly after processing the postseason otoliths (Figure
30 of these were hatchery fish. Within each commer6). As &pected, increasing the numbers simply nar-

8.0% T
7.0% T
6.0% +
5.0%
4.0% +
3.0%
2.0%
1.0%

0.0% I |
7/4/93 7/6/93 7/11/93 7/16/93 7/18/93 7/23/93 7/25/93 7/29/93
CF TF CF TF CF TF CF CF

Percent Hatchery
=

G |NSeason — Final = Percent marked

Figure 6. Comparison of point estimates and 95% confidence intervals for the estimated proportion of hatchery fish in the 1993
samples. The thick bar displays inseason results (952 otoliths) and the thin bar displays final results, which includes both
inseason and postseason samples (2,331 otoliths).
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Table 3. Number of otoliths processed at the completion of the project from 5 commercial (CF) and 3 test (TF)
fisheries sampled in 1993, the number of otoliths processed, the point estimates and estimates of precision.
The number of otoliths processed includes those used for the inseason estimates and those processed later to
increase precision for each of the fisheries.

Percent DIPAC Returns

Pink Otoliths Number Point 95% ClI 95% ClI
Date Location Caught Processed marked Estimate upper lower
7/4/93 Pt. Augusta CF 11,347 119 0 0.0 3.7 0.0
7/6/93  Hawk Inlet TF 9,255 300 2 0.7 2.4 0.1
7/11/93  Hawk Inlet CF 80,471 436 8 1.8 3.6 0.8
7/16/93  Hawk Inlet TF 1,708 398 12 3.0 5.2 1.6
7/18/93  Marsden S. CF 264,053 328 1 0.3 1.7 0.0
7/23/93  Hawk Inlet TF 2,847 300 4 1.3 3.4 0.4
7/25/93 Marsden S. CF 487,592 250 2 0.8 2.9 0.1
7/29/93  Marsden S. CF 387,373 200 1 0.5 2.8 0.0
TOTAL 2,331 30 1.3

rowed the confidence bounds around the estisn@he includes factors that could be due to chance alone, and
final precision, based on the 95% Cls, fell withi  thus, it is higher when a category being rated has a
percentage points of the point estimate for each fishiigh probability of occurrence. Kappa, on the other
ery. hand, is chance-corrected. The ratings can be more
Because the proportion of hatchery fish was lowdirectly compared across different tests, and it has an
in 1993, the prerequisite of reading enough otoliths tassociated standard error that can be used for testing
achieve 95% confidence withi¥tb percentage points statistical significance (Fleiss 1981). Kappa is scaled
of the estimate was met with the number of inseasaio vary between 1 and -1, Kappa = 1 meaning perfect
otoliths processed. However, postseason otolith pragreement, Kappa = 0 meaning no different than chance
cessing helped build confidence in the methodologwlone, and Kappa = -1 meaning perfect disagreement.
used and provided further opportunities to confirm eaclthe common interpretation of Kappa in the literature
technician’s ability to distinguish thermal marks. is that a value > 0.75 means there is excellent agree-
ment beyond chance. Values between 0.40 and 0.75
represent fair to good agreement, and a Kappa < 0.40
represents poor agreement beyond chance (Fleiss
Planting known marked and unmarked otoliths intdl981). Individual Kappas can be calculated for each
the 1993 mixed stock samples proved to be an effecategory and pooled from different trials.
tive means of monitoring a reader’s accuracy in iden-  The weighted version of Kappa has the same prop-
tifying the otoliths. Reader A correctly identified all erties as above, but it is adjusted by giving zero weight
known marked and unmarked fish planted in sample® disagreements over the uncertain category and full
from the commercial catch; reader B had more diffiweight to disagreements over marked and unmarked.
culty, correctly identifying only 83% in a similar sized In this manner the value better reflects agreement on
sample; reader C, the laboratory supervisor, correcthwhat is marked and unmarked and reduces the influ-
identified 100% of the known marked fish that wereence of the subjectively classifiadcertains Results
planted in the inseason samples (Table 4). from the 3 trials, the third taking place at the end of
Other testing involved processing and exchanginghe study, show a broader range of values than percent
samples between both trainees. Between-reader comgreement, but they confirm progressive improvement
parisons from 3 separate trials, particularly by the lasin the level of agreement between the 2 readers being
trial, indicated that both readers had achieved a simirained.
lar level of agreement on marked and unmarked iden-
tifications. As presented in Table 5, two measures of
overall agreement were provided for each of the 3 tri-
als: the percent agreement and a weighted measure of
Kappa (Fleiss 1981). Prior research findings pertaining to thermal mark
Percent agreement is a commonly used measurecovery on a large scale were not found. This project
of between-rater agement. The peent agreement demonstrated that recovering otolith marks rapidly and

Training and Quality Control

DISCUSSION
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Table 4. Numbers of known marked and unmarkedssuring adequate escapement of wild salmon to the
otoliths planted into 1993 commercially caughtspawning grounds. Wilbur and Frohne (1989) discuss
samples and subsequently correctly or incorrectihow errors in estimating hatchery contribution in a
identified by otolith readers A, B, and C. fishery translate into management actions that could

allow over or underescapement of wild &®cThey

Number of Number Percent . ; .
Otolith  Known Correctly Correctly Show that, given the same amount of estimated contri-
Reader Type Otoliths Planted Identified Identified bution error, the error in achieving a target escapement
A Marked 10 10 100 goal increases as the hatchery contribution in the fish-
Unmarked 24 24 100 ery increases. At low levels of hatchery contribution
Total 34 34 100 as occurred here, the danger of overharvesting wild
stocks due to estimation errors is low; consequently
B Marked 11 7 64 the number of samples processed could be reduced.
Unmarked 25 23 92 Conversely, when hatchery contribution is expected to
Total 36 3 83 be high, the number of samples necessary to estimate
c Marked 17 17 100 the Wi_Id stock contribution and minimize escapement
Unmarked error is greater.
Total 17 17 100 The coefficient of variation, CV, is frequently used

3 Of the 6 misidentified otoliths, reader B identified 4 known .0, M€@SUre precision when there is an interest in the

marked otoliths as unmarked, 1 known unmarked otolith aLOtaI number Of_ items of 1 of t,he categories (COChr,an

marked’ and 1 known unmarked as uncertain. 1977) FOI’ a glven Sample SIZG, the CV Of the Wlld
stock contribution will increase as theoportion of

accurately enough to serve as an inseason tool for tMéld stocks in the fishery degases. A sampling strat-
management of mixed stock fisheries is feasible an@9Y to minimize errors in achieving escapement goals
may be a more effective means of identifying hatchcould be based on collecting enough otoliths to achieve
ery fish than coded wire tags, particularly when tag2 CV of wild stock contribution such that uncertainty
ging costs more for a similar degree of precision.abOUt escapement numbers falls within the fishery

The 2-tiered processing schedule — rapicc@ss- Manager’s target levels. . o
ing to meet inseason management needs andgaest 10 successfully use thermal marking to aid in
son processing to increase precision aroundriiial ~Management decisions, it is critical that samples be
estimates — worked well, and we encounteredifo  randomly collected or representative of the catch. Con-
ficulty in applying it to the fisheries during the 1993 siderable care must be given to design of the sampling
season. Postseason processing enabled us to incre@gegram,and given the complex nature of most
the precision of the estimates and gave us tinoete  fisheries, care must be given to ensuring that samples
duct quality control checks on the initial determina-come from the intended area. In our study, we felt fairly
tions. By making use of the inseason resul®;stage confident that the sampling procedure, while not
sampling approach can be used to identify the optlandom per se, satisfied the assumptions of random
mum number of otoliths to process for postseasiir ~ sampling. There were no significant differences in
mates (Cochraf977). Amethod described b@eiger hatchery composition for the boats sampled during each
(1994) applies a Bayesian method for allocating posepening, which implied that marked fish were fairly
season processing effort when multiple fisheries arevenly distributed in the fisheries and complemented
sampled. Inseason otolith processing to recover thepur sampling procedure. Nevertheless, the issue still
mal marks, although seemingly labor-intensive, wasequires careful consideration; the advantages of using
actually quite rapid: if necessary, a reader could presmall sample sizes, which makes this method feasible,
cess over 400 otoliths per day, provided they were als tempered by the considerable weight that each
ready affixed to glass slides. The inseason sasiple specimen contributes to the results.
of 100 was easily accommodated within the schedule In that regard, identification errors would have a
and adequately satisfied management needs. relatively large influence on thelrability of the

In this study the target sample size was based arontribution estim@s. Thereforethe importance of
ensuring that the precision of the estimates, as meaffective training and a reliable quality control system
sured by the 95% confidence intervals, was within &annot be overstated. Blind planting of known marked
predetermined range. Target sample sizes could alstoliths into samples during processing can definitively
be based on consideration of how the information ismeasure the accuracy of thermal mark recovery. In this
used to achieve management objectives, in particulatudy the otolith reader responsible for the final
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Table 5. Between-reader comparisons of readers A and B for the 1993 samples. For trialsdaded 8, r
processed the otoliths and B provided the second reading; for trial 2, reader B processed and A provided the
second reading. For each trial the overall percent agreement is shown, as well as the weighted Kappa (a measure
of interrater agreement on the categories marked and ued)ark

Reader A Reader B Determinations
Determinations Marked Unmarked Uncertain ~ otdl Tiial 1
Marked 5 2 0 7 N =150
Unmarked 1 137 3 141 % Agreement = 95
Uncertain 1 1 0 2 Kappa = 0.65
Total 7 140 3
Reader A Reader B Determinations
Determinations Marked Unmarked Uncertain ~ otdl Trial 2
Marked 5 0 0 5 N =118
Unmarked 0 107 5 112 % Agreement = 95
Uncertain 0 1 0 1 Kappa = 0.76
Total 5 108 5
Reader A Reader B Determinations
Determinations Marked Unmarked Uncertain - otdl Tiial 3
Marked 4 0 2 6 N =95
Unmarked 0 89 0 89 % Agreement = 98
Uncertain 0 0 0 0 Kappa = 0.90
Total 4 89 2

determinations successfully identified all plantedthat are of poor or insufficient quality. Poorly defined
thermal marks, as did one of the traineeader A), thermal marks complicate otolith reading by increas-
indicating that results presented to managers weiiag (1) uncertainty and perhaps bias in the estimates
reasonably accurate. The other trainee (reader B) wa$ contribution, and (2) time to process and read
83% correct, indicating (1) thermal mark identificationotoliths, which can increase costs of processing and
is not necessarily a simple process without error, (2perhaps hamper use of thermal-mark recovery for in-
individual differences should be expected, and (3%¥eason management. Therefore, hatchery operators
training is not quick or easy. However, upon reviewmust be properly educated on thermal marking if they
the sample of otoliths reader B processed was judgede to provide distinctive, easily read marks.
to have had more difficult patterns to decipher than The voucher specimens examined in this project
those processed byader A. included those of pink salmon not expected to return
Between-reader comparisons using a summanyntil 1994 and 1995. Evaluating the appearance of the
statistic such as Kappa can also provide a measuremfrk in advance allows mark distinctiveness and con-
confidence in the reader’s ability to recover marks, parsistency within the mark group to be determined and
ticularly in instances where known marked otoliths ar@ppropriate plans to be developed. It also allows an
unavailable. Kappa can also be used to monitor thepportunity to see if the marks are being laid down as
training process or reveal differences in readabilityntended. If not, adjustments to the marking schedule
among marked groups. Because detection of thermaén be made if enhancements are needed and feasible,
marks is visual, it is necessarily subjective, but beer if changes in subsequent mark groups are warranted.
tween-reader agreement and the use of Kappa can pro- The results of this project allowed us to determine
vide an objective way to quantify the precision ofthe percentage of hatchery contribution to the Hawk
readings. Inlet Shore, Point Marsden Shore, arainP Augusta
Quality control begins when the marks ptanted commercial fisheries in 1992 and 1993. The poor show-
at the hatchery. Insufficient temperature changes, breaixg of hatchery returns in 1993 coincided with the poor
downs in heating or cooling equipment, or prematurshowing of wild stocks in the same general area. If
hatching during marking can all produce thermal marksun strengths of both wild and hatchery fish were the
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result of early marine mortalities, then following from adult sockeye salmon that pass through the fish-
marked fry after release to determine their associatiogfries of both countries (Hagen 1993). The ability to
with low food supply or predators could help managmeet treaty-specified allocation goals for these en-
ers identify mortality causes and improve run forehanced fish largely relies on the recovery of thermal

casting. marks. _
Thermal marking can also be used to address is- Finally, thermal marks recovered from spawning

sues associated with wild and enhanced fisheries. F§F°“nds can also provide a cost-effective means for

.. determining the extent that hatchery fish may stray
example, under Annex IV of the U.S./Canada Pacifi nd spawn with wild stocks. Conversely, otoliths from

Sallmon Treatélthe progenies of C_:ahnadian S?1‘3key.ethe hatchery can be used to determine the extent that
salmon reared at ADF&G’s Snettisham Hatchery iny;q siocks may stray into hatchery systems. An on-

SoutheastAlaska have been thermally marked andyoing project to recover thermally marked DIPAC fish
transplanted back into Canadian lakes where the markgm the hatchery and from streams located at varying
have been recovered from fry and smolts to evaluaiistances from the hatchery was initiated in 1992 and
success of the transplants (Pacific Salmon Commisill provide important information about rates and vari-
sion 1994). In addition, the marks are being recovereability of straying patterns.
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