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1. INTRODUCTION AND FIELD SURVEY METHODS

Wild Fish Conservancy personnel conducted a fiskridution and salmonid abundance
survey of the Ellsworth Creek watershed from Jubythrough August 13, 2007. The
survey was conducted by two experienced two-pecsews working simultaneously on

different stream reaches, and employed severalegumethods (used singly or in

conjunction) including visual observation, snorkgli single-pass electrofishing, and
multiple-pass electrofishing. The survey areauded all previously identified potential

fish-bearing waters, with the exception of tidaltuenced habitat at the creek mouth
(the point at which conductivity readings dramdhcancreased and channel habitat
appeared tidally influenced), and headwater reatttesvere too small (< 5 cm deep and
< 0.67 m wetted width in riffles), or were covereddebris jams and thick vegetation
preventing effective administration of the survegthodology (Figure 1.)

In order to maintain consistency with previous katbsurvey data (Rentmeester 2003),
stream reaches were broken into discrete habitiés (oools and riffles) as surveyors
moved upstream employing the Timber, Fish and \N#détandardized protocol for
habitat unit identification (Pleus et al. 1999).bi{at units were sub-sampled based on
their location within the watershed, with the oVesarvey stratified into three separate
‘protocol zones’, each subject to a different iisign of sub-sampling (Table 1. and
Figure 1.) Coarse sampling was accomplished wigleipass electrofishing, with one
surveyor operating the electrofishing equipmendl ane netting, except for pool habitats
in the mainstem up to approximately 0.75 km belba ¢onfluence of stream 560. These
habitats were large enough to allow effective sabdurveys, and thus snorkeling was
used in place of single-pass electrofishing. llother areas of the basin snorkeling was
deemed prohibitive due to shallow water and thellssizee of habitat units. Snorkeling
was performed in an upstream direction by one sierkand the data recorded were the
same as in electrofishing. Removal sampling waslgoted by block-netting the lower
and upper boundaries of a habitat unit and makioljipte electrofishing passes, netting
and removing fish during each pass. Block netevpert in place prior to snorkeling in
habitat units where subsequent removal electrafgslvas to occur in order to prevent
fish from exiting the unit. The original survey pwool suggested continuing removal
electrofishing passes until a subsequent passedsul less than ten percent of the count
of all salmonid species compared to the previowss.pdn some large mainstem pools,
this proved to be overly time consuming, and rensweere limited to a total of four
electrofishing passes, or the first pass with ndmeaids, whichever came first. Data
were recorded for all species captured followinghegass, while the fish were
temporarily held in five gallon buckets with a domious flow of fresh creek water, until
electrofishing was completed and they could beasdd unharmed. The upstream survey
terminus was flagged with a date and stream identiaind although we attempted to
obtain GPS coordinate location data during dailyweys, satellite reception proved
consistently poor and consequently GPS use watelimi

The following is a list of all data collected atcbahabitat unit (a blank copy of the data
sheet and specimen forms are provided for refer@figares 2 and 3):



Date

Time

Crew

Stream ID Number

Weather

Protocol Zone (1,2,3)

Habitat Unit type (Pool/Riffle)

Survey Method (Snorkel, Electrofish, Removal)

Snorkel Visibility (if applicable)

Conductivity (sporadically, to ensure no change tanidentify upstream extent of
tidally-influenced reaches)

Water temperature

Counts of each species identified in each passisatls grouped by size class
Counts of fish observed but not captured duringlsipass electrofishing
Number of electrofishing passes (if applicable)

Habitat length and width

Specimen information (if applicable)

Photo numbers (if applicable)

GPS waypoints (if applicable)

Comments

2. FISH SPECIES DISTRIBUTION RESULTS AND DISCUSSION

Eight species of fish were documented by Wild Fxinservancy in their survey of the
Ellsworth Creek watershed. Identification of adstifollowed Wydowski and Whitney
(2003), while identification of salmonids followdebllard et al. (1997). Meristics and
morphometrics used for cottid and juvenile trowgntification were frequently hard to
obtain while snorkeling and in some cases, espgaigth small fish, hard to obtain in a
non-lethal manner for captured fish. Juvenilaitravere classified simply as “trout”
when actual measurements were difficult to obtaiwere intermediate between coastal
cutthroat trout and rainbow trout/steelhead. Altflomethods used to identify salmonids
are consistent with the vast majority of previousdges using field identification,
confidence in these field identification calls mbstqualified. Differentiation of coastal
cutthroat from rainbow/ steelhead is complicatedh®ypresence of natural hybridization
between these species in wild populations (Com@od Utter 1985), and by their
similarity of appearance. Baumsteiger et al. (20@ported a lack of correspondence
between field identification (using meristics andorphometrics) and positive
identification (using genetics) of coastal cutthreainbow/ steelhead, and their hybrids.

A small number of lethal samples were obtained &ailifate positive species
identification. Lethal samples were also collectedall fish which we were unable to
revive following electrofishing (<10 total), as wak a small number of live cottids (<10)
which we were unable to identify and which appedoele the first individual of a new



species encountered. All live fish collected famples were euthanized and placed in
vials with denatured (70%) ethanol.

The documented salmonid species composition antibdison was typical of small
drainages in southwest Washington. Summarilythooét trout had the greatest
distribution followed by coho and steelhead. Tikisypical because the small body size
of adult cutthroat allows migrating spawners to sisgller channels than the larger coho
and steelhead. In some cases it is also likely tth@ upstream extent of cutthroat
distribution is occupied by non-migratory residentthroat, and is not accessible to
anadromy (and thus coho or steelhead) due to digonis and other barriers. Confidence
in the differences between the observed distrilpgtiof cutthroat trout and rainbow trout/
steelhead is limited, however, by difficulty in &slishing positive identification of these
species, as discussed previously. It should bednlbbbwever, that no larger (>150 mm)
putative rainbow trout were observed in the upgerches of tributaries where several
>150 mm putative cutthroat were. If species idematiion was accurate, this suggests
that all rainbow trout/ steelhead observations wethin the lower mainstem and lower
end of a few tributaries, which would be typicalaof O.mykisspopulation dominated by
the steelhead life history form and containing ocalgmall or non-existent resident life
history component.

The species occurrence and distribution of non-saithspecies was also not unusual for
southwest Washington. Species richness was ggngralater in the lower mainstem
than in other areas. This may be an artifact efléinger channel size and proximity to
the estuary. Of the cottids, riffle/reticulate ki were at least an order of magnitude
more abundant, as well as more widely distributegthtother species. Prickly sculpin
were only found in one location close to the estuarhe similarity of appearance and
the possibility of locally-adapted anomalous merisbunts in these species allow for the
possibility that prickly sculpin were in fact migidtified as riffle/reticulate sculpin in
some cases, and are actually more widely distributes likely that additional species
such as staghorn sculpin, starry flounder, andetipi@e stickleback would have been
encountered had the survey extended into the @stusaltmarsh. Despite thorough and
extensive sampling, we observed no Olympic mudminioo freshwater mussels; still
due to the sampling approach employed, the poggililat they are present in the
watershed cannot be dismissed.

The following are brief descriptions of the spatiétribution of each species observed.

Coho Salmon(Oncorhynchus kisutgh

Distribution of this species was continuous thraughthe mainstem and all major
tributaries. With the exception of tributary 5%Urveys extended beyond the upstream
terminus of coho distribution. (Figure 4A)

Coastal Cutthroat Trout (Oncorhynchus clarki clarki
Distribution of this species was continuous thraughall waters surveyed, with the
exception of tributary 553 and the upper portiohgributaries 556 and 557. In many



cases, field conditions prevented continuation wieys to the upstream terminus of
distribution. It is likely that resident populat®rexist upstream of debris jams and
subsurface areas where surveys were terminatepliré~4B)

Rainbow Trout / Steelhead(Oncorhynchus mykiys

Distribution of this species was continuous in thanstem (stream 552) from tidewater
to just below the beginning of the protocol 3 syrveach (< 0.5 km above the

confluence of tributary 560). Rainbow trout/ skexld were also present in tributary 556
in the lower 1/3 of the protocol 2 survey reach 250km above the confluence with the
mainstem). (Figure 4C)

Western Brook Lamprey (Lampetra richardsoni

Distribution of this species was continuous in tha@nstem (stream 552) from tidewater
to the confluence of tributary 556, continuing iibaitary 556 approximately 2/3 of the
way up the protocol 2 survey reach (~0.5 km). (FegiiD)

Coastrange Sculpin(Cottus aleuticus

Distribution of this species was patchy, with lownmbers found only in the mainstem
(stream 552) from tidewater to approximately 0.7 lelow the confluence of tributary
560. (Figure 4E)

Torrent Sculpin (Cottus rhotheus

Distribution of this species was continuous in tha@nstem (stream 552) from tidewater
to beginning (first 20m) of the protocol 3 surveach on the mainstem. Torrent sculpin
were also present in lowest 30m of stream 557 uEigF)

Prickly Sculpin (Cottus asper
Distribution of this species was limited to oneiuidual observed just above tidelands on
stream 553. (Figure 4G)

Riffle/Reticulate Sculpin (Cottus gulosusndCottus perplexys

Distribution of this species was continuous thraughsurveyed reaches, and was found
in the greatest abundance of all the cottids. #myncases, field conditions prevented
continuation of surveys to the upstream terminudistfibution. (Figure 4H)

3. JUVENILE SALMONID ABUNDANCE

3.1 Data Analysis Methodology

This report provides preliminary estimates of tle@gity and abundance of juvenile coho
salmon, coastal cutthroat trout, and rainbow/stsdhtrout in riffles and pools in stream
segments of the Ellsworth Creek watershed. Thenastis are derived from data from
population surveys conducted by Wild Fish Conseryabetween mid-July and mid-
August 2007. Surveys were conducted by two expee@ntwo-person crews in
accordance with a sampling protocol provided by ThI® amended by Wild Fish
Conservancy with consultation from TNC. The sanglmotocol, which is described in



detail in the field methods section, was desigree@drmit estimates of fish population
densities and abundances following the Hankin-Redwasin-wide estimation method
(Dolloff, Hankin, and Reeves 1993).

In brief, the Hankin-Reeves method relies on srlerkeounts to obtain rough estimates
of the numbers of fish in a large, representatraetion of habitat units (e.g., riffles and

pools) within a basin. Fish abundance in a smalescentage of the snorkeled habitat
units is also determined or estimated by a methodh sas multi-pass removal

electrofishing that is expected to have a high éeg@f accuracy and to therefore provide
a reliable estimate of the true number of fish ache of these sampled units. The
correlation between the snorkel counts in the dubkanits that is also sampled by the
more accurate method (henceforth, "multi-pass reipis then determined and, if the

correlation is linear and sufficiently high (>0-Bhompson 2003), the snorkel counts in
all habitat units can be corrected (multiplied byc@arection factor) to arrive at an

estimate of fish numbers in all surveyed units.

Two general problems were encountered in the suthe¢y that prevented analyzing the
data in accordance with the Hankin-Reeves methiost, Fnost habitat units could not be
effectively (accurately) snorkeled. Second, and fmowre important, the multi-pass
removal samples of the majority of habitat unitscliding those that were also
snorkeled, failed to satisfy the minimum assump#itirat are required in order to obtain
a valid, statistically reliable estimate of abuntianEven in the small fraction of habitats
that were successfully snorkeled the snorkel cocmid not be calibrated as required by
the Hankin-Reeves method.

Nonetheless, there was a considerable amount affiaaih the entire survey that we were
able to make use of by employing an alternativehoeetof analysis. By employing
Bayesian statistical methods we were able to usaiirkel data, the data on the area of
each habitat unit sampled, and the coarse (sirags)pelectrofishing sample data to
estimate the distribution of total abundance inhesuarveyed unit. We describe in more
detail in the following sections the Bayesian methioat we did adopt and the relevant
problems that prevented us from conducting the aRleeves analysis.

3.2 Data Challenges

As described in the preceding section on field 8uMethods, once in the field, crews
determined that it was generally not possible todcwt the majority of coarse habitat
unit fish surveys using snorkeling. Snorkel surveyere only conducted in pools in
stream segment 552 that were surveyed followingopod 1 or protocol 2 (abbreviated
552P1 and 552P2). A total of 37 pools were snotkeleghese two segments. 12 of these
pools were also sampled by multi-pass removal, emyof which (two from 552P1 and
four from 552P2) permitted valid estimation of abbance and estimation of the
probability of capture on the first removal pass.



There are two basic requirements for obtaining busb abundance estimate that
possesses reasonably narrow confidence intervada wsing removal methods. The first
is that the probability of capture be reasonabbhhiconsiderably greater than 0.5 and
preferable greater than 0.8). The second is thanyngiven pass all fish have the same
probability of being captured. The failures in tb&timation of the multi-pass removals
were due to the number of captures on each suveassnoval failing to follow a pattern
of steady decline. Many of the data sets includeskes with either zero counts followed
by passes in which fish were captured or passés smiiall numbers of fish followed by
passes with large numbers of fish. In a few cas#s faur or more removal passes later
passes would have larger catches than the (non-mgtial pass but one pass in between
would yield zero. We employed program Capture (What al. 1982) to analyze all
electrofishing removal data. For data from threenore removal passes we employed the
general removal model (Removal) in Capture. Foadadm two removal passes we
employed the Zippin estimator (Zippin) in Captuhen minimal assumptions for
estimating abundance from the removal data aresattdfied Capture alerts the user by
producing an appropriate error message.

In five of the six cases from 552P1 and 552P2 inckwisnorkel counts occurred and a
multi-pass removal estimate of abundance and capgtuwbability was obtained, the

snorkel counts were significantly larger than theam abundance estimate from the
Capture program and there was only a modest lingdationship among the pairs of

counts (R-squared = 0.48). Four of the removalregis had upper 95% confidence
interval boundaries considerably lower than the responding snorkel count,

demonstrating that even when the pattern of rensoialthese habitat units followed

model expectations, fish abundance was being #gnily under-estimated and the
probability of capture significantly over-estimatethis is a common problem with

typical electrofishing sampling in small streamsiteaning complex habitat and/or low

conductivity (Petersen et al 2004, Rosenberg anthBxn 2005, Thurow et al 2006).

The suspected reason for the failures of the @lfsiting removals from the Ellsworth
Creek survey is the combination of low conductivaiyd very high degree of habitat
complexity. Under these kinds of conditions it dam very difficult and often nearly
impossible to satisfy the basic requirements fqleteon (removal) electrofishing. Low
conductivity and high habitat complexity (large wiyadebris, undercut banks, in-stream
vegetation, complex cobble substrate) can resuherfailure of these requirements. It is
generally known that more often than not the prdhlwlof first-capture is well below 0.5
in low -order streams in the west as a result es¢hkinds of conditions (see, e.g.,
Peterson et al 2004, Rosenberger and Dunham 200&roW et al 2006). These
conditions also make it particularly likely thateafthe first electrofishing pass most if
not all of the fish that were not caught were exob® and differentially affected by the
current from the electrofishing unit, resultingah fish being less susceptible to capture
on subsequent passes but differentially so.



3.3 Bayesian Estimation

We relied upon several informative features ofdh&a that when cautiously employed in
a Bayesian statistical framework enabled us to inbtaedible abundance estimates
despite the failure of the electrofishing removdlee key kinds of data available were
the following:

(1) the area of the sampled habitat units;

(2) the coarse (single- or first-pass) electrofishingrs;

(3) the snorkel counts for the habitat units that welso sampled by

electrofishing.

We also have general biological/ecological inforioratfrom similar kinds of salmonid-
bearing streams regarding juvenile coho (and atbknonids) densities in pool and riffle
habitat. We have general biological knowledge ef phocess of removal sampling. And
we have general statistical knowledge about therbial sampling process, particularly
the statistical distribution of the parameters iobimial processes like capturing fish from
a body of water using an electrofisher or otherplarg device?

All of these can be used in a Bayesian analysis.

For the situation at hand the Bayesian approac$, agiventhe data(1) that y number of
coho were caught on a single electrofishing pass(ahthe area of the habitat unit in
which they were caught was z, and givamxiliary information about (a) the likely
distribution of first-pass electrofishing captumipabilities and (b) the likely distribution
of juvenile coho densities in habitats like the saepled, what is the probability that the
true abundance (N) in the habitat unit sampled {sviiere x is an integer like 50),?"
What the Bayesian inference yields is a probabdistribution of N (the abundance of
coho in the sampled unit). Since we also have Higtét areas, we will also be able to
obtain estimates of the distribution of densitidh@bitat unit area).

The data are clear. We know from each habitat hmit many fish were caught during
each coarse electrofishing sample and we know riés @f the habitat unit from which
they were caught (which we express in square metesler to express fish densities as
numbers-per-square meter of riffle or pool hahitat)

Juvenile coho salmon were the most abundant sathemd were encountered in nearly
all of the pool habitat units that were sampledblyh snorkeling and single- or multi-

pass removal electrofishing. Cutthroat and rainsteelhead trout were significantly less
abundant in these stream segments resulting indregcgero counts for each species in
these segments. This made it impossible to estirtteeabundance of these species

! The raw data sheets distinguished between juveatie (and trout) less than and greater than 75
millimeters fork length. There did not appear toalog obvious difference in the numbers of eachweae
observed or caught during electrofishing, nor iétbfcrew members report any noticeable differance
susceptibility to capture. Therefore, in order taximize the sample sizes for the abundance estimati
both size categories were pooled for the analysgsrted here.

2 See the Statistical Appendix for a brief descoiptdf binomial sampling.
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directly from either the counts in individual hatitnits or the summed counts in stream
segments. Consequently, the primary analysis waslumted for juvenile coho and
estimates for trout were derived from the cohonestie as explained below.

The analysis was conducted at the segment scahaltntat unit(riffle or pool)-sampling
protocol (1,2, or 3) type. For example, all poaissiream segment 552 sampled under
protocol 2 (designated 552P2). The removal count$ surface areas of individual
habitat units sampled by each protocol within acHdestream segment were added
together and the Bayesian inference conducted enstims. (For example, all pools
sampled according to protocol 2 in stream 5523llthere were 26 such segments. This
produced an estimate of the distribution of aburdasf juvenile coho in the portions of
streams that were actually sampled.

The distribution of the total abundance of juvemitdio for each stream segment sampled
according to each protocol (1, 2, or 3) was themaded by multiplying the estimate for
the sampled units by an expansion factor. Thioofasts the reciprocal of the proportion
of total habitat units that were sampled under phetocol. For example, protocol 1
required that one of every four riffles be samg@@5), so the estimate for riffles in each
stream segment sampled under protocol 1 was matlifdy 4 (1/0.25) to arrive at the
estimate for all riffles in the stream segment.

To arrive at the primary estimate of juvenile caimindance in the segments actually
sampled, the summed removal and habitat unit aaéa lthd then to be combined with
auxiliary information prior distributions in the common terminology of Bayesian
inference) about the distribution of juvenile cotlensity and electrofishing first-pass
capture probability in order to calculate the dlgttion of total coho abundance in each
segment. This required that we construct two (pdstributions, one for the distribution
of first-pass capture probabilities, and one far distribution of coho densities. This was
achieved as follows.

Prior distribution of first-pass capture probabiit

There were a total of 13 habitat units in segmé&d@P1, 552P2, and 552R2 that were
snorkeled and from which first-pass electrofishiegroval samples were also obtained
(Table 2). For each of these the ratio of firstgpeaptures @) to snorkel counts hwas
calculated (gns) and the mean and standard deviation of thesatik& rcalculated. Crew
members believe that the conditions under whickeHE3 snorkel counts were obtained
permitted very accurate counts and resulted inlpeammplete enumeration of fish in
these pools. Additionally, crew members believa #lactrofishing conditions in these
habitats were representative of the conditionswheae encountered throughout the basin.
Consequently, these ratios can be considered samaptbe maximum first-pass capture
probabilities. These ratio were also visually conedato habitat unit area to determine if
there was any apparent trend in ratio (hencefadpture probability”) with unit area. No
such trend was apparent.

The ratios ranged from 0.0 to 0.40, with a mear®.478 and a standard deviation of
0.127. We assumed that these parameters also &pplifles. These parameters are
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consistent with values for first-pass capture pbaiiges reported in the literature cited
above. We believe that it is very unlikely that wap probabilities in any one of the
surveyed segments or habitat units would be verghngueater than the maximum value
in the sample (0.4).

We then constructed a (parametric) statisticalribistion of capture probabilities that
would have the same mean and standard deviatioimeasample. Since single-pass
removal sampling is a case of binomial samplingn(éx randomly drawing balls from a
jar that contains an unknown total number of balish of which is one of two colors,
one of which comprises 17.8% of the tota)) we chose a Beta distribution with
parameters A and B that yield a mean of 0.178 witindard deviation of 0.127.
Although the largest value in the sample of sndfikst-pass catch ratios was 0.4, the
prior distribution permits values greater than @ Dbe sampled and evaluated with small
probability, which reflects the uncertainty in tliata used to construct the prior,
including the small size of the sample upon whlah éstimation of the parameters of this
prior was based. (Figure 13.). This insures thaigaificant amount of the uncertainty
that attends the estimation of this parameter Ipggated through the process of
estimating abundance — a hallmark of Bayesian esitm.

Prior distribution of density

We proceeded in a similar manner to construct #rilbligion of expected densities
(juvenile coho/square meter). We examined dendiie36 sites in 552 protocols 1 and 2
stream segments as measured by the ratio of snarleats to habitat unit area (Table 3).
Densities ranged from 0.081 to 1.238 with a meaf.828 and a standard deviation of
0.242. Eleven of the densities were greater thanntlean density suggesting that the
distribution of densities is slightly skewed to thght. Based on information from the
field crew and general knowledge of juvenile cofamf similar systems we assumed that
maximum densities in any habitat unit did not excées (1.5 fish per square meter). To
capture this we chose a Gamma distribution witlapaters A and B that yield a mean of
0.328 with standard deviation of 0.242. 95 perca@nthis distribution occurs at values
less than 0.8, and values up to 1.4 occur with Igonabability (Figure 14).

Computation and estimation

The data was then entered into a Fortran prograrmpeidorming Bayes analyses for low-
dimension (3 unknown parameters or less) infergmodlems. The program, named
SWL (sampling weighted_ikelihood) was written by Dr. Daniel Goodman at Nema

% This description is somewhat over-simplified. Amaaccurate picture is one of two-stage sampling in
which we first randomly sample similar-looking jarstwo-colors of balls that in the aggregate hame
color that constitutes 17.8% of the balls in altlod jars, but the proportion in any one jar igrihsited as
described in the text (with mean 0.178 and standawiation 0.127) — then, in the second stager(afte
having chosen one of the jars) we take a randonplsaofi balls and examine the proportion of colors
obtained.

* We truncated this distribution on the left (smsillealue) at 0.05, instead of the true lower booinzero.
We did this to capture the belief that there wasagk some probability of fish being captured bygken
pass electrofishing, even when none are capturadyirparticular sample. This resulted in the actual
histogram of the prior distribution (from one nulti samples) having a mean of 0.202 and standard
deviation of 0.12.
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State University. Code was written that calculatbe distribution of population
abundance N and capture probability C from the dqimial) likelihood (Bin(k|N,C),
where k is the number of fish captured, N is the tpopulation size and C is the true
capture probability in the habitat units sampled.

The code runs as follows: a random sample for @asvn from the Beta distribution. If
the value drawn is less than the lower limit of)(8ee footnote 4) this value is discarded
and another drawn, checked, and accepted if equaldgreater than 0.05. Then a random
value of D (density) is drawn from the gamma dgttion, multiplied by the habitat area
(A) sampled and rounded to the nearest integereveduproduce a random sample of
population size N. Before being accepted for furttedculation, each value of N (D x A)
drawn is checked to see that it is equal to ortgrethan k (since we know from the
capture data that the habitat area A has a minimensity of k/A); if not the value is
discarded and a new value of D drawn and acceptaddi only if (D x A) equal to or
greater than k. These random values of N and Cthame entered into the binomial
likelihood and the probability (or likelihood) dfidase values yielding the number of fish
captured k is calculated. This likelihood valuehien assigned to each of those values of
N and C and stored for use in summary output inotyd graphic histogram displaying
the probability distribution of values of N and @laulated. For each set of data (capture
sample k and habitat units area A) one million galof D and C were drawn and one
million values of C and N with associated likelildo{probability) values produced and
stored in output.

Drawing one million samples from the prior (Betada@amma) distributions was
generally sufficient to insure that the paramefeace was thoroughly sampled and a
robust estimate of the posterior probability dimition of N and C produced. Figures 15
and 16 show the histograms for the results of gienation of N and C, respectively for a
representative stream segment. The posterior ldision is overlaid on the prior
distribution to show the effect on the estimatemoluding the case-specific data for the
stream segment in question.

Results were summarized for each segment by regpte mean and standard deviation
of the calculated (posterior) distribution of theeamillion values of N and C. To display

the output in histogram form the one million valwesre put into one of one hundred
equal sized bins and the cumulative probabilitytriigtion calculated (this is done

automatically by SWL). The'sand 98" percentiles of the cumulative distribution (the
endpoints of the central 90%) were identified aeported together with the mean and
standard deviation for each segment (Table 4). thaidil technical descriptions of the

Bayesian estimation process are provided in therapanying Statistical Appendix.

Next, the snorkel counts for each snorkeled segtiantwas not also electrofished were
simply added to the respective meafi,ahd 9%' percentile values. Densities were then
calculated by dividing each meari" &nd 98" percentile value by the total area of the
sampled segment. The total abundance estimatevenhije coho for each segment was
then produced by multiplying the above meali, @d 9% percentile values by the
appropriate expansion factor based on protocolhadmitat unit type (riffle or pool), as

13



described above. Total habitat units area of theast segment to which the expanded
abundance estimate applied was also estimated byplying the total area of the
sampled segment by the appropriate expansion factor

Finally, the estimates of the total abundance dthcoat trout, rainbow/steelhead trout,
and trout that could not be unambiguously iderdifie species were derived from the
estimate of total coho abundance. This was dorellasvs.

For each of the 26 stream segments the number wénile coho, cutthroat,
rainbow/steelhead, and trout caught by first-pagsct®fishing and counted by
snorkeling were tallied and the ratios of eachhefthree trout categories to juvenile coho
calculated. This produced several zero ratios foottof one category or another
counted) as well as three segments in which raiiddcnot be calculated due to zero
coho counts. Aggregating the stream segment cduyntsabitat-protocol type (e.g., all
protocol 1 pool segments) eliminated most of th® zeunts and provided an estimate of
the average ratios in each of the six stream segtypes (Table 5). These ratios were
then applied to the total juvenile coho estimatesfach stream segment. For example, the
ratio of cutthroat to coho in pools sampled acauydob protocol 1 was 0.021. For stream
segment 552 protocol 1_pools (552P1) the mean &sttinated coho abundance was
1114 (Table 6). The mean total estimated cutthabandance was 1114 x 0.021 = 23
(Table 7).

3.4 Results

Juvenile coho

Table 4 shows the mean, standard deviatiBraril 95' percentile values of the posterior
distribution of coho population size N for each reegt. Table 6 shows the expanded
coho abundance estimates for all habitat unitdl isegments.

Given the information and uncertainty about juvendoho densities and first-pass
capture probabilities that are incorporated inte fhrior (auxiliary) distributions the
estimated abundances and densities calculated Her sites surveyed by coarse
electrofishing (the dominant sampling method ofshbevey) appear reasonable. Over the
26 segments for which separate estimates were la@dy coefficients of variation
(sample standard deviation/mean) averaged 0.5 amged from 0.178 to 0.743. The
spread of the central 90% of the posterior aburelaistributions ranged from 6 to 783.
For all 26 segments combined, the estimated meandaimce was 2752 and the central
90% of the posterior distribution ranged from 13046031. When snorkel counts were
added, the estimated mean abundance was 3303 ameritral 90% of the distribution
ranged from 1855 to 5582 (Table 4). The expandedi@dnce estimate for all units in all
samples segments had an estimated mean of 12308 esntral 90% that ranged from
6682 to 21454 (Table 6). Table 9 gives the sama datnmarized by habitat unit-
sampling protocol type.

Posterior mean densities (posterior mean abunddraedafat area) for the abundance
estimate ranged from 0.067 to 0.889 juvenile coélogguare meter across the 26 stream

14



segments. The lower limit of the central 90% of thstribution of posterior densities
ranged from 0.007 to 0.504. The upper limit of tbentral 90% of the posterior
distribution ranged from 0.156 to 1.432 (Table W)e average density for all segments
combined was 0.338 with central 90% between 0.100ah71. Average densities for the
expanded abundance estimate were little diffengostérior mean = 0.302, central 90%
between 0.164 and 0.526. (Table 6).

The total estimated habitat unit area for all & 8iream segments surveyed within the
basin was 40805 square meters. Pools were estinttatethl 15885 square meters, riffles
24920 square meters. The estimated coho abundaxeearly evenly divided between
pool and riffle area (posterior mean for all poel6074, for all riffles = 6238). Densities
were estimated to be greater in pools (postericanme 0.382) than in riffles (posterior
mean = 0.25) (Table 10).

Juvenile cutthroat and rainbow

The estimates for total abundances and densitiesutbifiroat, rainbow/steelhead, and
unidentified trout for each stream segment aredish Tables 7 — 9, respectively. Tables
11 — 13 give the same data summarized by habitasampling protocol type.

The posterior mean total abundance of cutthroait treas 4906 with a central 90%
posterior distribution between 1588 and 10123. &smated total mean density was
0.12, with central 90% posterior distribution beéne0.039 and 0.248 (Table 11). A
majority of cutthroat were estimated to be in e#flin stream segments sampled
according to protocols 2 and 3 (mean = 4165, ckA0% posterior between 1257 and
8800). Correspondingly, densities were estimateteqyreater in riffles than in pools

(posterior mean for riffles = 0.167, pools = 0.08ld cutthroat were found in riffles in

stream segments sampled under protocol 1, whichpased a substantially smaller
proportion of total riffle area (2775 square metensn riffles sampled under protocol 2
(12422 square meters) or protocol 3 (9723 squaters)e

The posterior mean total abundance of rainbow/tstael trout was 863 with a central
90% posterior distribution between 511 and 151% &stimated total mean density was
0.021, with central 90% posterior distribution beém 0.013 and 0.037 (Table 12). A
majority of rainbow were estimated to be in riffiesstream segments sampled according
to protocols 1 and 2 (mean = 712, central 90% paostdetween 427 and 1276).
Correspondingly, densities were estimated to batgran riffles than in pools (posterior
mean for riffles = 0.029, pools = 0.009. No rainbewxre found in riffles in stream
segments sampled under protocol 3, which compmsealy 40% of the total riffle area
(9723 square meters).

The posterior mean estimated total abundance of that were not identified to species
was 2472 with a central 90% posterior distributi@ween 940 and 4907. The estimated
total mean density was 0.061, with central 90% grast distribution between 0.023 and
0.120 (Table 13). A majority of trout was estimated be in riffles (1971), with a
significant proportion occurring in stream segmesdaspled under protocol 3 (1507).
Correspondingly, densities were estimated to batgran riffles than in pools (posterior
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mean for riffles = 0.079, pools = 0.032) with deiesi in riffles sampled according to
protocol 3 nearly twice the mean for all riffles185).

3.5 Discussion

Bayes Estimation.

Despite the inability of multi-pass electrofishing provide robust estimates of
abundance and to enable us to apply the Hankindgemethod using either snorkel
counts or first-pass electrofishing removals, weengble to secure robust estimates of
coho abundance using Bayesian inference. This wssige because field crews decided
at the onset of field work that it would be advieato take measurements of the lengths
and widths of the habitat unit sampled. Withoutsthéata little information could have
been extracted from the field data.

We also relied upon the determination of our fielews that most of the limited number
of snorkel counts that they were able to condustited in an accurate estimate of the
species and numbers of salmonids in those habitas. uThis enabled us to make
provisional estimates of the probability of firsigs electrofishing capture by using the
electrofishing data obtained for those units. Tsneated first-pass capture probabilities
matched the range of low values that have recdx@gn reported in the literature cited
from studies conducted in similar streams in thesterm United States that focused
specifically on this parameter, especially whers\Etirth’s consistently low conductivity
is considered. Comparison of abundance estimates thhe few snorkeled sites in which
multi-pass removal sampling produced estimateshdéursupported our impression that
first-pass capture probabilities are in the expkdtav range. The preliminary point
estimates from the snorkel counts (first-pass raatsgsnorkel count) under-estimate and
do not over-estimate first-pass capture probabilithe Beta distribution that we
employed helps to account, in part, for this uraiety by providing a reasonable range in
the values that are sampled (one million times)estimate the abundance in each
segment (Figure 13).

The posterior distributions of first-pass electsbfng capture probability C all have
narrower distributions than the prior for C thag¢ aentered in most cases near the mean
value of the prior (0.18) or, in a few cases betw@d.0 and the lower limit of 0.05 which
appear to be a the lower limit of reported firssp@&apture probabilities in the relevant
literature. Unless the true capture probabilitieshese few cases were below 0.05, it
would be very unlikely that the posterior abundaasBmates in these cases are under-
estimated. A typical example of the change in tiséridution of C from the prior to the
posterior is shown in Figure 16.

Still, without a specific pilot study devoted toopucing robust estimates of total
abundance and first-pass electrofishing capturdaimtity, there is some uncertainty
about how much capture probability is under-estadaby our approach. Slight
improvements in the characterization of this uraaty can, undoubtedly, be made. This
too would be an outcome of a pilot study (see Reuendations).
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We were also forced by lack of data to assume tagture probability and the
distribution of densities in riffles were the saa®in pools. The effect of this assumption
is likely to result in a slight over-estimation @fho abundances, since it is expected that
in general coho densities are higher in pools timariffles, so that by allowing prior
densities for riffles to be distributed as for pothe calculation of posterior abundances
would permit larger densities than warranted toeerthe calculations. Based on
conversation with field crew, this effect may be demated somewhat because many
habitat units labeled “riffles” in which coho wecaptured were more often moderate to
slow glides that did not meet the strict protocefinition of a pool rather than shallow
rapid segments. Thus they probably behaved moee dibols than classic riffles with
respect to capture probability.

Compared to the size of the sample on which we cdoase estimate of the prior
distribution of C, our estimate of the shape of dngribution of densities (D) relied in
part (but not exclusively) upon a relatively larggmber of high-quality snorkel counts in
pools. To the extent that these counts under-esttnatal abundance in the habitat unit
or stream segments snorkeled, densities and sutrsiyg@abundance would be under-
estimated.

However, the parameters for the prior distributcdrdensity permitted densities greater
than 0.5 (per square meter) and posterior meanitésnfor 3 of the 26 segments did
exceed this value. However, the average postem@nnaensity of the 26 sites was 0.338,
just 0.01 (1 fish per 100 square meters) greain the mean of the prior distribution.
Further, comparisons of the posterior distributiofsN to the priors for each of the 26
stream segments (distribution of D multiplied byeatn segment habitat area) shows that
distributions of abundance are narrowed relativéht prior and well bounded by the
limits of the prior (Figure 16). Figure 15 is typlof the majority of stream segments.

That the posterior distributions of capture probgband stream segment abundance for
juvenile coho are noticeably narrower than therpdistributions as illustrated in Figures
15 and 16 shows that the data (first-pass catclsardm segment area) are informative
— they contain information about density/ abundaarog capture probability that refines
the vague information provided by the prior disitibns.

So, while there is undoubtedly room for improvingr @stimates of the parameters to
employ in the auxiliary (prior) distributions thrghu pilot field studies the results are in
close agreement with the literature values and thighimpression of field crew members.

Biological Significance of Results.

While it is difficult to draw many conclusions aliothe abundance or density of
salmonids in Ellsworth Creek relative to other arewithout controlling for

environmental factors likely to affect these partr®e some patterns are readily
apparent. Estimated coho salmon abundance wasegieathe lower mainstem and
larger tributaries than in upper tributary and rst@m areas. This is likely a function of
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habitat quantity because larger channels can acodat® more fish. Estimated coho
salmon density however, was highest in the lowachieof 551 (the out of basin stream),
and in 557. These streams may have better reaonditions or a higher spawner
density, although with the generally poor adult @@dalmon escapements in the area
during the previous fall (2006), these trends ao¢ mecessarily meaningful. Coho
densities were generally higher in pools than fikes, which is consistent with existing
literature on the habitat preferences of this sggeci

It is also important to consider that Ellsworth €kdikely hosted a much more sizable
wild coho population historically. While the pamipulation size was probably primarily
constrained by the small size of the watershed thadavailability of summer rearing
habitat, current wild coho abundance in all of Apkh Bay is greatly reduced by the
commercial gillnet fishery. The fishery, which msanaged for total exploitation of
surplus hatchery coho, incidentally intercepts rgdapercentage of the returning wild
coho. Coho entering the Naselle River and Ellsiw@teek are particularly susceptible
to high exploitation rates because of the locatibthese streams at the southern end of
the bay, furthest from the mouth. Fish migratioghese streams must pass every unit of
gilinet gear from the mouth of the bay southwardlike stocks returning to more
northerly Willapa tributaries, which may avoid sowfethe netting units. Due to these
extreme harvest pressures it is likely that juveibho populations in Ellsworth Creek
annually vary by an order of magnitude or more, abdervations to that effect have
been made by Weyerhauser in proximal Willapa Begashs. This is in stark contrast to
areas where adult spawning escapements are soffioeseed the available habitat. In
these areas, annual variability in juvenile coharatance is typically only one- or two-
fold. A lack of full seeding by coho salmon, thentinant stream-rearing salmonid, will
make it very difficult to attribute any changesfish populations (coho, trout, etc.) over
time to changes in environmental or habitat pararset The changes due to these
variables will likely be swamped by responses taanaturally variable coho population
(S. Wright, WDFW, retired, pers. comm.)

Estimated coastal cutthroat trout and rainbow freteelhead densities and abundances
were much lower than coho abundance, which is mypical. Estimated cutthroat
density was somewhat higher for riffle habitat tiekato pools, while rainbow showed a
strong preference for riffle habitat relative toopdabitat. This is typical for these
species, especially when subject to competitio yuvenile coho salmon. The greatest
density of cutthroat was found in riffles in thepeap reaches of small tributaries.
Cutthroat often spawn higher than coho, necesditajethe need for small spawning
substrate suitable for their body size, and becdos®y so reduces the competition their
young may experience with juvenile salmon (nichetipaning). Estimated rainbow
trout/ steelhead density was highest in rifflethi@ lower mainstem and lower portions of
several tributaries. Because of the relatively Ismamber of trout brought to hand,
abundance and density estimates had to be aggidmgafaotocol zone (summing counts
from all tributaries) before being reassigned tdividual streams based upon coho
catches(see above sections on statistical method3)r confidence in the accuracy of
these estimates is thus correspondingly lower thanfor the coho estimates, as is our
confidence in the spatial resolution of the trastireates.

18



4. RECOMMENDATIONS

Future field work directed at estimating salmoniidance and distribution within the
Ellsworth Creek basin need to address the shortagsnof the sampling methods that
were encountered in 2007. Based on our data asalyappears possible to rely upon
single-pass electrofishing removals, provided sqife effort is devoted to calibrating
both first-pass capture efficiency of electrofighiand salmonid species density in a
representative array of habitats and stream segmdrtere are several potential
approaches that could be employed, by themselves @mbination. Brief descriptions
of each are provided below.

Ideally, the total number of fish in the habitaitsrithat are selected to provide the basis
for calibrating abundance estimation methods isdkmanot estimated. In practice this is

generally not possible due to either or both coratern concerns (no lethal methods) or
logistic issues (habitats too complex to allow ctetg counts to be obtained). One

approach that can obtain complete or nearly cormmetints and can be applied in small
stream habitats is controlled de-watering. A biwtked habitat unit can be snorkeled
and/or electrofished to provide an estimation afradance, and then slowly de-watered.

De-watering involves installing a temporary cofftam and water bypass pipe at the
upstream end of blocknetted habitat units and sloedlucing the water level in the unit
allowing the fish time to move to and concentrate islowly shrinking area from which
they can be netted and safely held before beingitedua released back into the re-
watered unit. Conducted on an appropriate arralgatiitats and streams segments this
would produce a significant improvement in theraste of the distribution of densities
for each species.

Another approach is to release a known number okadafish into habitat units several
hours prior to conducting the multi-pass removdlisTrequires first block-netting a unit,
capturing fish from within the unit, marking it Juas by clipping a fin, dye-injecting a
fin, or injecting it with a PIT tag), releasing lkamto the unit, waiting an appropriate
amount of time to permit the marked fish to resuraemal behavior, then conducting the
multi-pass removal. Recent work in tributarieshe tipper Yakima River basin reported
by Temple and Pearsons (2006) show that three hearsufficient period of time. The
resulting multi-pass removal data can be then k@yaed as a joint removal/mark-
recapture estimate. Because the number of markbdrfithe habitat unit is known with
certainty the removal estimate on the subset okethafish does not need to solve for
unknown Nharkea Which permits a much more accurate estimate obadility of first-
(and subsequent-) pass capture probability to heirsa. The increased information
about capture probabilities is passed along te#tenation of the remaining unknown —
the abundance of unmarked fishyMarked

A third approach is to complement either or botthaf above methods with detailed site-
specific data on habitat variables that are likielybe correlated with either (or both)
snorkeling efficiency or electrofishing capture Ipability (see, for example, Peterson et
al 2004, Rosenberger and Dunham 2005, and Thuroal. €006). Habitat variables
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likely to be of relevance to on or more of the sahnd species in Ellsworth Creek are
water temperature, conductivity, substrate size latdrogeneity, stream reach gradient,
presence/absence or extent of undercut banks, vaogey debris, instream vegetation,
and riparian vegetation height. Different varialdes likely to be important for different
species so an appropriate number of habitat undstypes (riffles and pools) need to be
sampled (see Peterson et al 2004 for a good exangleliscussion of this for bull trout
and westslope cutthroat trout). Habitat variableat thave a strong correlation with
species-specific capture probabilities can thenebwloyed in models conjoined to
removal models to constrain the range of captudbdatilities thereby improving the
estimated abundances.

Ideally, and most efficiently, all three approaclesild be employed together. Habitat
variables in a pre-selected number and array otdtalmits could be surveyed, the units
de-watered, a subset of the captured fish markefistareleased and allowed to resume
normal behavior, the units snorkeled, and then impalss electrofished. It is likely that
this could be done in a subset of habitat unitssairehm segments in the Ellsworth Creek
basin and the mark-recapture/snorkel/electrofisicguiure employed on others, with data
on habitat variables being collected in some or dllthese. From the Bayesian
perspective, the result of pilot efforts of thisitiwould be to improve the accuracy and
reduce the uncertainty in the prior distributiohereby improving the accuracy of the
posterior distributions.

An important result of this kind of pilot study Wilso be to permit habitat unit and
stream segment abundance of cutthroat and raintemdiiead juveniles to be estimated
directly from first-pass catches. The trout-to-cahtio approach that we had to employ
with the 2007 data involves a considerable amotionoertainty that is very difficult to
guantify. Acquiring good estimates of species-dpecapture probability would result in
much more accurate estimates of cutthroat and saifdteelhead abundance.
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6. TABLES AND FIGURES

6.1 Tables

Table 1. Spatial extent and intensity of fish abunance and distribution surveys in

Ellsworth Creek mid-July through mid-August, 2007.

Protocol Extent of Survey Sub-sample Frequency
Zone Stream #: River Kilometers' Coarse Removaf
Pools Riffles Pools Riffles
P1 552: 0-1.0 and 551&3: 0-0.5 1:2 1:4 1:2 1:4
P2 552:1.0-6.0 and 554, 556, & 557: 0-0.75 1:3 61 1:3 1:5
P3 All fish-bearing waters upstream of other zones 1:4 1:8 1:4 1.6

TRiver Kilometers starting at upper end of tidelands

“Coarse sampling was generally single pass eleshiofj with one electrofishing unit although poais| i

protocol 1 and 2 of stream 552 were snorkeled, alttrofishing in these areas employed ft
electrofishing units.

WO

® Removals frequencies are sub-samples of thoseahaipits for which coarse sampling was conducted.
. __________________________________________________________________________________________________________________________________________________________]

Table 2. Habitat unit area, snorkel count, and fir$-pass electrofishing catch data

used to estimate the parameters of the Beta prioristribution of probability of
capture on first electrofishing pass.

jon

First Pass
Habitat Unit * Area (m?) Snorkel Count Removal Removal/Snorkel
552P1 1 102.19 43 5 0.116
552P1 3 193.24 82 26 0.317
552P2_1 136.75 37 7 0.189
552P2_3 78.97 13 4 0.308
552P2_6 299.15 50 5 0.100
552P2_9 130.06 43 7 0.163
552P2_12 127.74 15 6 0.400
552P2_15 111.48 34 7 0.206
552P2_18 32.52 15 1 0.067
552P2_24 35.77 22 1 0.045
552P2_27 37.16 3 1 0.333
552P2_30 7.43 2 0 0.000
552R2_1 100.34 15 1 0.067
Totals 1392.80 374 71
Mean 0.178
Std. Deviation 0.127
Minimum 0.000
Maximum 0.400

TIn all tables, the first 3 numbers refer to theain number (eg. 552), the letter represents thigah&ype
(P-pool or R-riffle), the single number immediatelfger the letter represents the protocol zon& (br 3),

and the last number represents the surveyed habitatumber of that type within that stream reach.
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Table 3. Habitat unit snorkel count, area, and desity (snorkel count/ area) data
used to estimate the parameters of the Gamma priatistribution of coho density.

Habitat Unit * Area () Snorkel Count Snorkel Count/Area
552P1 1 102.19 43 0.421
552P1 3 193.24 82 0.424
552P1 4 390.19 62 0.159
552P1 6 41.81 7 0.167
552P1 8 209.03 18 0.086
552P1 10 177.82 46 0.259
552P2 1 136.75 37 0.271
552pP2 2 139.35 14 0.100
552P2 3 78.97 13 0.165
552P2 4 111.48 25 0.224
552P2 5 62.71 35 0.558
552P2 6 299.15 50 0.167
552P2 7 227.61 36 0.158
552P2 8 222.97 31 0.139
552P2 9 130.06 43 0.331
552P2 10 89.74 13 0.145
552P2 11 45,52 14 0.308
552P2 12 127.74 15 0.117
552P2 15 111.48 34 0.305
552P2 16 126.35 37 0.293
552P2 17 45,99 32 0.696
552P2 18 32.52 15 0.461
552P2 19 114.74 26 0.227
552P2 20 26.76 19 0.710
552P2 21 15.61 8 0.513
552P2 22 18.58 23 1.238
552P2 23 69.68 20 0.287
552P2 24 35.77 22 0.615
552P2 25 23.23 5 0.215
552P2 26 27.87 22 0.789
552P2 27 37.16 3 0.081
552P2 28 23.23 5 0.215
552P2 29 26.01 8 0.308
552P2 30 7.43 2 0.269
552P2 31 41.81 10 0.239
552P2 13 ND 1 ND
552P2 14 ND 19 ND
552R2 1 100.34 15 0.149
Totals w/area data 3670.88 890

Totals 910

Mean 0.328
Standard Deviation 0.242
Minimum 0.081
Maximum 1.238

n all tables, the first 3 numbers refer to theatn number (eg. 552), the letter represents thicahéype
(P-pool or R-riffle), the single number immediatelfger the letter represents the protocol zon& (br 3),
and the last number represents the surveyed habitatumber of that type within that stream reach.
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Table 4. Stream segment habitat unit areas and estated posterior distribution of
abundance and densities (fish-per-square meter) aivenile coho from the Bayes
estimate with total snorkel counts for all habitatunits without electrofishing counts
added.
.05 .95 .05 .95
Post. | Post Cum. | Cum. | Post Post Cum. | Cum.
Area Mean | StDev | Post Post Mean | StDev | Post Post
Habitats® | (m?) Catch | N N N N D D D D
551P1 259.85| 71 231 74.47 131 372 0.889 0.287 0.504432
551P3 15.05 1 7 3.82 6 14 0.4656 0.284 0.399 0.930
551R1 153.85| 23 103 40.77 47 179 0.669 0.265 0.305163
551R3 6.69 1 3 1.88 1 7 0.448 0.281 0.149 1.046
552P1 1680.13 58 557 194.9 305 937 0.332 0.000 20.18.558
552P2 2899.41 57 951 168.89 609 1392 0.328 0.0002100, 0.480
552P3 156.45 | 6 59 29.41 18 115 0.377 0.188 0.115 0.735
552R1 519.24 | 17 178 81.23 163 320 0.343 0.156 0.314616
552R2 1571.92 38 455 193.89 284 794 0.289 0.123 810.1 0.505
552R3 44820 | O 30 21.24 3 70 0.067 0.047 0.007 0.156
553P1 7.80 1 4 2.16 1 8 0.518 0.277 0.128 1.025
553R1 20.76 0 6 4.46 1 15 0.289 0.215 0.048 0.723
554&5P3 | 56.88 4 27 13.42 10 53 0.475 0.236  0.176932.
554&5R3| 221.25| 3 50 26.97 15 100 0.226 0.122 0.068.452
554P2 153.75| 4 49 25.3 16 97 0.319 0.165 0.104 10.63
554R2 190.92| 6 66 32.51 20 126 0.346 0.1y0  0.1056600.
556P2 154.96| 14 85 38.1 36 156 0.549 0.246  0.2320071.
556P3 92.81 2 29 16.07 7 59 0.312 0.1Y3 0.075 0.636
556R2 24991 | 10 96 45.91 33 181 0.334 0.184 0.1327240
556R3 31355 1 38 23.39 8 81 0.121 0.075 0.026 80.25
557P2 194.35| 33 137 52.13 69 235 0.705 0.268 0.8335209
557P3 67.03 19 59 19.47 33 95 0.880 0.290 0.492 171.4
557R2 57.60 2 22 11.87 19 44 0.382 0.206 0.330 40.Y6
557R3 50.63 0 13 8.6 10 28 0.257 0.170 0.198 0.553
560P3 57.32 3 25 12.76 7 49 0.436 0.223 0.122 0.855
560R3 175.03| O 23 16.4 3 55 0.131 0.094 0.017 0.314
Totals 9775.36| 374 3303 | 1160.02| 1855 | 5582 | 0.338 | NA 0.190 | 0.571
In all tables, the first 3 numbers refer to theatn number (eg. 552), the letter represents thicahéype
(P-pool or R-riffle), and the single number immeseig after the letter represents the protocol zdn&, or
3).
2«552P3"includes all surveyed tributaries upstrearthefconfluence of 560 (i.e. 562).




Table 5. Cutthroat, Rainbow/steelhead, and unideified trout as proportions of
total coho counts in all stream segments aggregatéy habitat type and sampling

protocol.
Total

Segment| Estimated

Type' Area Coho | Cutthroat | Rainbow | Trout | Cutt/Coho | Rbt/Coho | Tr/Coho
P1 1947.83 388 8 7 15 0.021 0.018 0.039
P2 3402.48 745 34 20 75 0.046 0.027 0.101
P3 445,54 35 23 1 3 0.657 0.029 0.086
R1 693.85 40 0 6 3 0.000 0.150 0.075
R2 2070.34 71 12 10 7 0.169 0.141 0.099
R3 1215.36 5 14 0 6 2.800 0.000 1.200
Totals 9775.40 1284 91 44 109 0.071 0.034 0.085

Tn all tables, the letter represents the habitae §P-pool or R-riffle), and the single number inctiagely

after the letter represents the protocol zone (r 3).
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Table 6. Estimated stream habitat unit total areagnd total abundance and
densities of juvenile coho for the Ellsworth Creelbasin based on expanding the
areas and abundance estimates for stream segmentsthe reciprocal of the

proportion of habitat units sam

led according to eah protocol.

Total Post. .05 Cum. | .95 Cum. | Post. .05 Cum. | .95 Cum.
Habitats® | Area(m?) | Mean N | Post N Post N Mean D | PostD Post D
551P1 520 462 262 744 0.889 0.504 1.432
551P3 60 21 18 42 0.349 0.299 0.698
552P1 3360 1114 610 1874 0.332 0.182 0.558
552P2 8698 2853 1827 4176 0.328 0.210 0.480
552P3 626 236 72 460 0.377 0.115 0.735
553P1 16 8 2 16 0.513 0.128 1.025
554&5P3 228 108 40 212 0.475 0.176 0.932
554P2 461 147 48 291 0.319 0.104 0.631
556P2 465 255 108 468 0.549 0.232 1.007
556P3 371 116 28 236 0.312 0.075 0.636
557P2 583 411 207 705 0.705 0.355 1.209
557P3 268 236 132 380 0.880 0.492 1.417
560P3 229 100 28 196 0.436 0.122 0.855
551R1 615 412 188 716 0.669 0.305 1.163
551R3 54 24 8 56 0.448 0.149 1.046
552R1 2077 712 652 1280 0.343 0.314 0.616
552R2 9432 2730 1704 4764 0.289 0.181 0.505
552R3 3586 240 24 560 0.067 0.007 0.156
553R1 83 24 4 60 0.289 0.048 0.723
554&5R3 1770 400 120 800 0.226 0.068 0.452
554R2 1145 396 120 756 0.346 0.105 0.660
556R2 1499 576 198 1086 0.384 0.132 0.724
556R3 2508 304 64 648 0.121 0.026 0.258
557R2 346 132 114 264 0.382 0.330 0.764
557R3 405 104 80 224 0.257 0.198 0.553
560R3 1400 184 24 440 0.131 0.017 0.314
Totals 40805 12305 6682 21454 0.302 0.164 0.526

n all tables, the first 3 numbers refer to theatn number (eg. 552), the letter represents thicahéype
(P-pool or R-riffle), and the single number immeeig after the letter represents the protocol zZdn&, or

3)
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Table 7. Cutthroat abundance based on expanding thetal estimated abundance of]
juvenile coho for each stream segment by the ratiof cutthroat-to-coho sampled in
all protocol/habitat unit types (e.g., protocol 1 pols, protocol 2 riffles, etc.).
Total Post. .05 Cum. | .95 Cum. | Post. .05 Cum. | .95 Cum.
Habitats' | Area (m?) | Mean N | Post N Post N MeanD | PostD Post D
551P1 520 10 5 15 0.018 0.010 0.030
551P3 60 14 12 28 0.229 0.196 0.458
552P1 3360 23 13 39 0.007 0.004 0.011
552P2 8698 130 83 191 0.015 0.010 0.022
552P3 626 155 47 302 0.248 0.076 0.483
553P1 16 0 0 0 0.011 0.003 0.021
554&5P3 | 228 71 26 139 0.312 0.116 0.612
554P2 461 7 2 13 0.015 0.005 0.029
556P2 465 12 5 21 0.025 0.011 0.046
556P3 371 76 18 155 0.205 0.050 0.418
557P2 583 19 9 32 0.032 0.016 0.055
557P3 268 155 87 250 0.578 0.324 0.931
560P3 229 66 18 129 0.287 0.080 0.562
551R1 615 0 0 0 0.000 0.000 0.000
551R3 54 67 22 157 1.256 0.419 2.930
552R1 2077 0 0 0 0.000 0.000 0.000
552R2 9432 461 288 805 0.049 0.031 0.085
552R3 3586 672 67 1568 0.187 0.019 0.437
553R1 83 0 0 0 0.000 0.000 0.000
554&5R3 | 1770 1120 336 2240 0.633 0.190 1.266
554R2 1145 67 20 128 0.058 0.018 0.112
556R2 1499 97 33 184 0.065 0.022 0.122
556R3 2508 851 179 1814 0.339 0.071 0.723
557R2 346 22 19 45 0.065 0.056 0.129
557R3 405 291 224 627 0.719 0.553 1.548
560R3 1400 515 67 1232 0.368 0.048 0.880
Totals 40805 4902 1584 10114 0.120 0.039 0.248
TIn all tables, the first 3 numbers refer to theain number (eg. 552), the letter represents thigah&ype
(P-pool or R-riffle), and the single number imméelig after the letter represents the protocol Zdne, or
3).
2«552P3"includes all surveyed tributaries upstrearthefconfluence of 560 (i.e. 562).




Table 8. Estimated stream habitat unit total areasnd total abundance and
densities of juvenile rainbow/steelhead trout fortie Ellsworth Creek basin. Area
estimates are as described in Table 5. Abundancetiesates are as described for
cutthroat trout in Table 7.

Total Post. .05 Cum. | .95 Cum. | Post. .05 Cum. | .95 Cum.
Habitats® | Area(m?) | Mean N | Post N Post N Mean D | PostD Post D
551P1 520 8 5 13 0.016 0.009 0.026
551P3 60 1 1 1 0.010 0.009 0.020
552P1 3360 20 11 34 0.006 0.003 0.010
552P2 8698 77 49 112 0.009 0.006 0.013
552P3 626 7 2 13 0.011 0.003 0.021
553P1 16 0 0 0 0.009 0.002 0.018
554&5P3 228 3 1 6 0.014 0.005 0.027
554P2 461 4 1 8 0.009 0.003 0.017
556P2 465 7 3 13 0.015 0.006 0.027
556P3 371 3 1 7 0.009 0.002 0.018
557P2 583 11 6 19 0.019 0.010 0.032
557P3 268 7 4 11 0.025 0.014 0.040
560P3 229 3 1 6 0.012 0.003 0.024
551R1 615 62 28 107 0.100 0.046 0.175
551R3 54 0 0 0 0.000 0.000 0.000
552R1 2077 107 98 192 0.051 0.047 0.092
552R2 9432 385 240 671 0.041 0.025 0.071
552R3 3586 0 0 0 0.000 0.000 0.000
553R1 83 4 1 9 0.043 0.007 0.108
554&5R3 1770 0 0 0 0.000 0.000 0.000
554R2 1145 56 17 106 0.049 0.015 0.093
556R2 1499 81 28 153 0.054 0.019 0.102
556R3 2508 0 0 0 0.000 0.000 0.000
557R2 346 19 16 37 0.054 0.046 0.108
557R3 405 0 0 0 0.000 0.000 0.000
560R3 1400 0 0 0 0.000 0.000 0.000
Totals 40805 863 511 1519 0.021 0.013 0.037

n all tables, the first 3 numbers refer to theatn number (eg. 552), the letter represents thicahéype
(P-pool or R-riffle), and the single number immeedig after the letter represents the protocol Zdn&, or

3)
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Table 9. Estimated stream habitat unit total areasnd total abundance and
densities of juvenile trout not identified to speas (cutthroat or rainbow) for the
Ellsworth Creek basin. Area estimates are as destx@d in Table 5. Abundance
estimates are as described for cutthroat trout in @ble 7.

Total Post. .05 Cum. | .95 Cum. | Post. .05 Cum. | .95 Cum.
Habitats® | Area(m?) | Mean N | Post N Post N Mean D | PostD Post D
551P1 520 18 10 29 0.034 0.019 0.055
551P3 60 2 2 4 0.030 0.026 0.060
552P1 3360 43 24 72 0.013 0.007 0.022
552P2 8698 287 184 420 0.033 0.021 0.048
552P3 626 20 6 39 0.032 0.010 0.063
553P1 16 0 0 1 0.020 0.005 0.040
554&5P3 228 9 3 18 0.041 0.015 0.080
554P2 461 15 5 29 0.032 0.010 0.064
556P2 465 26 11 47 0.055 0.023 0.101
556P3 371 10 2 20 0.027 0.006 0.054
557P2 583 41 21 71 0.071 0.036 0.122
557P3 268 20 11 33 0.075 0.042 0.121
560P3 229 9 2 17 0.037 0.010 0.073
551R1 615 31 14 54 0.050 0.023 0.087
551R3 54 29 10 67 0.538 0.179 1.256
552R1 2077 53 49 96 0.026 0.024 0.046
552R2 9432 269 168 470 0.029 0.018 0.050
552R3 3586 288 29 672 0.080 0.008 0.187
553R1 83 2 0 5 0.022 0.004 0.054
554&5R3 1770 480 144 960 0.271 0.081 0.542
554R2 1145 39 12 75 0.034 0.010 0.065
556R2 1499 57 20 107 0.038 0.013 0.071
556R3 2508 365 77 778 0.145 0.031 0.310
557R2 346 13 11 26 0.038 0.033 0.075
557R3 405 125 96 269 0.308 0.237 0.664
560R3 1400 221 29 528 0.158 0.021 0.377
Totals 40805 2472 939 4906 0.061 0.023 0.120

n all tables, the first 3 numbers refer to theatn number (eg. 552), the letter represents thicahéype
(P-pool or R-riffle), and the single number immeeig after the letter represents the protocol zZdn&, or

3)
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Table 10. Estimated stream habitat unit total areasnd total abundance and
densities of juvenile coho for the Ellsworth Creelbasin presented in Table 6

summarized by protocol-habitat unit type (pool or iffle).

Segment Area Post. .05 Cum. | .95 Cum. | Post .05 Cum. | .95 Cum.
Type' (m? Mean N | PostN Post N MeanD | PostD Post D
P1 3896 1584 874 2634 0.407 0.224 0.676
P2 10207 3666 2190 5640 0.359 0.215 0.553
P3 1782 824 324 1540 0.462 0.182 0.864
Pool Total 15885 6074 3388 9814 0.382 0.213 0.618
R1 2775 1148 844 2056 0.414 0.304 0.741
R2 12422 3834 2136 6870 0.309 0.172 0.553
R3 9723 1256 320 2728 0.129 0.033 0.281
Riffle Total | 24920 6238 3300 11654 0.250 0.132 8.46
Totals 40805 12312 6688 21468 0.302 0.164 0.526

"In all tables, the letter represents the habitae fP-pool or R-riffle), and the single number indiagely

after the letter represents the protocol zone (dr 3).

Table 11. Estimated stream habitat unit total areasnd total abundance and
densities of juvenile cutthroat trout for the Ellsworth Creek basin presented in
Table 7 summarized by protocol-habitat unit type (ol or riffle).

Segment Area Post. .05 Cum. | .95Cum. | Post .05 Cum. | .95 Cum.
Type' (m?) Mean N | Post N Post N Mean D | PostD Post D
P1 3896 33 18 54 0.008 0.005 0.014
P2 10207 167 100 257 0.016 0.010 0.025
P3 1782 541 213 1012 0.304 0.119 0.568
Pool Total | 15885 741 331 1324 0.047 0.021 0.083
R1 2775 0 0 0 0.000 0.000 0.000
R2 12422 648 361 1161 0.052 0.029 0.093
R3 9723 3517 896 7638 0.362 0.092 0.786
Riffle Total | 24920 4165 1257 8800 0.167 0.050 0.353
Totals 40805 4906 1588 10123 0.120 0.039 0.248

"In all tables, the letter represents the habitae P-pool or R-riffle), and the single number indfiagely

after the letter represents the protocol zone (dr 3).

Table 12. Estimated stream habitat unit total areasnd total abundance and
densities of juvenile rainbow/steelhead trout forte Ellsworth Creek basin
presented in Table 8 summarized by protocol-habitatinit type (pool or riffle).

Segment Area Post. .05 Cum. | .95 Cum. | Post .05 Cum. | .95 Cum.
Type' (m? Mean N | PostN Post N MeanD | PostD Post D
P1 3896 29 16 48 0.007 0.004 0.012
P2 10207 98 59 151 0.010 0.006 0.015
P3 1782 24 9 44 0.013 0.005 0.025
Pool Total 15885 151 84 243 0.009 0.005 0.015
R1 2775 172 127 308 0.062 0.046 0.111
R2 12422 540 301 968 0.043 0.024 0.078
R3 9723 0 0 0 0.000 0.000 0.000
Riffle Total | 24920 712 427 1276 0.029 0.017 0.051
Totals 40805 863 511 1519 0.021 0.013 0.037

Tn all tables, the letter represents the habitae §P-pool or R-riffle), and the single number inctiagely

after the letter represents the protocol zone (r 3).
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Table 13. Estimated stream habitat unit total areasnd total abundance and

densities of juvenile trout not identified to spea@s for the Ellsworth Creek basin

presented in Table 9 summarized by protocol-habitatinit type (pool or riffle).
Segment Area Post. .05 Cum. | .95 Cum. | Post .05 Cum. | .95 Cum.
Type' (m? Mean N | PostN Post N MeanD | PostD Post D
P1 3896 61 34 102 0.016 0.009 0.026
P2 10207 369 220 568 0.036 0.022 0.056
P3 1782 71 28 132 0.040 0.016 0.074
Pool Total 15885 501 282 802 0.032 0.018 0.050
R1 2775 86 63 154 0.031 0.023 0.056
R2 12422 378 211 677 0.030 0.017 0.055
R3 9723 1507 384 3274 0.155 0.039 0.337
Riffle Total | 24920 1971 658 4105 0.079 0.026 0.165
Totals 40805 2472 940 4907 0.061 0.023 0.120
Tn all tables, the letter represents the habitae §P-pool or R-riffle), and the single number inctiagely
after the letter represents the protocol zone (r 3).

6.2 Figures
Figure Legends for figures on Pages 33-48.

Figure 1. Map of the extent of fish distribution and salmaniabundance surveys on
Ellsworth Creek from mid-July though mid-August,0Z0 The map shows survey
termination points on all surveyed waters of theekrand offers ancillary information
about the watershed and its fish-bearing potential.

Figure 2. Data sheet used by Wild Fish Conservancy for thewekth Creek fish
distribution and salmonid abundance surveys, Julgtst, 2007.

Figure 3. The specimen collection form used by Wild Fish Gmancy for samples
collected during the Ellsworth Creek fish distriloat and salmonid abundance surveys
between mid-July and mid-August, 2007.

Figure 4. Spatial distribution of coho salmon (A), coastatthroat trout (B), rainbow

trout/ steelhead (C), western brook lamprey (Dastange sculpin (E), torrent sculpin
(F), prickly sculpin (G), and riffle/reticulate dpin (H) observed during the Ellsworth
Creek fish distribution and salmonid abundance eysvbetween mid-July and mid-
August, 2007.

Figure 5. Coho salmon estimated density (fishf)nfrom data obtained during the
Ellsworth Creek fish distribution and salmonid abance surveys between mid-July and
mid-August, 2007.

Figure 6. Coho salmon estimated relative abundance (fistemaf stream channel)
from data obtained during the Ellsworth Creek filstribution and salmonid abundance
surveys between mid-July and mid-August, 2007.
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Figure 7. Coastal cutthroat trout estimated density (fisf from data obtained during
the Ellsworth Creek fish distribution and salmoalgindance surveys between mid-July
and mid-August, 2007. Due to low densities of ghedes of trout encountered,
abundance and density estimates for trout werauledés relative to coho at a protocol
zone scale (sesuvenile Cutthroat and Rainbowithin the juvenile salmonids abundance
section) and therefore density and relative abucelamaps show cutthroat and rainbow
in areas outside the documented distribution.

Figure 8. Coastal cutthroat trout estimated relative abuodaffish/ meter of stream
channel) from data obtained during the Ellswortlee&rfish distribution and salmonid
abundance surveys between mid-July and mid-Au@@€t7. Due to low densities of all
species of trout encountered, abundance and desditpates for trout were calculated
relative to coho at a protocol zone scale (deeenile Cutthroat and Rainbowithin the
juvenile salmonids abundance section) and therefensity and relative abundance maps
show cutthroat and rainbow in areas outside themeated distribution.

Figure 9. Rainbow trout/ steelhead estimated density (fish) from data obtained
during the Ellsworth Creek fish distribution andnsanid abundance surveys between
mid-July and mid-August, 2007. Due to low densibésll species of trout encountered,
abundance and density estimates for trout werauledés relative to coho at a protocol
zone scale (sesuvenile Cutthroat and Rainbowithin the juvenile salmonids abundance
section) and therefore density and relative abucelamaps show cutthroat and rainbow
in areas outside the documented distribution.

Figure 10. Rainbow trout/ steelhead estimated relative abocelgfish/ meter of stream
channel) from data obtained during the Ellswortled&rfish distribution and salmonid
abundance surveys between mid-July and mid-Au@@€l7. Due to low densities of all
species of trout encountered, abundance and desditpates for trout were calculated
relative to coho at a protocol zone scale (deeenile Cutthroat and Rainbowithin the
juvenile salmonids abundance section) and therefensity and relative abundance maps
show cutthroat and rainbow in areas outside themeated distribution.

Figure 11. Trout not identified to species (coastal cutthroatainbow trout/steelhead)
estimated density (fish/ T from data obtained during the Ellsworth Creekh fis
distribution and salmonid abundance surveys betweeRrJuly and mid-August, 2007.
Due to low densities of all species of trout endeted, abundance and density estimates
for trout were calculated relative to coho at at@eol zone scale (sekivenile Cutthroat
and Rainbowwithin the juvenile salmonids abundance sectiow) therefore density and
relative abundance maps show cutthroat and rainboareas outside the documented
distribution.

Figure 12. Trout not identified to species (coastal cutthroatrainbow trout/steelhead)
estimated relative abundance (fish/ meter of strehannel) from data obtained during
the Ellsworth Creek fish distribution and salmoalgindance surveys between mid-July
and mid-August, 2007. Due to low densities of ghedes of trout encountered,
abundance and density estimates for trout werauledés relative to coho at a protocol
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zone scale (sesuvenile Cutthroat and Rainbowithin the juvenile salmonids abundance
section) and therefore density and relative abucelamaps show cutthroat and rainbow
in areas outside the documented distribution.

Figure 13.Beta distribution of prior probability of first-pa®lectrofishing capture C.
Parameters are Beta(1.4367. 6.6349). The paramme&@n of this distribution is 0.178.
The mean of the distribution depicted in the graptD.202 due to the restriction in
drawing samples from the prior that no value dréwersmaller than 0.05.

Figure 14. Gamma distribution of prior probability of densy juvenile coho in stream
segments. Parameters are Gamma (1.8372, 5.600@). pdhametric mean of this
distribution is 0.328.

Figure 15. Prior and Posterior distribution of juvenile cohopplation size for Stream
Segment 552 Protocol 2 Pools.

Figure 16.Prior and Posterior distribution of electrofishifigt-pass capture probability
of juvenile coho for Stream Segment 552 ProtodBbals.
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Ellsworth Creek Survey Data — Wild Fish Conservancy

Date: Time:

Crew:

Weather: (circle) Clear P. Cloudy
Cloudy Fog Showers Rain L MH

Stream ID:

Habitat Type (Pool or Riffle): %Glide-like
Habitat type # in reach:

25 50 75100

Protocol Zone (1,2,3):

Method (snorkel,
electrofish, removal)

Electrofish passes:
Snorkel Vis (ft):

Photos: Specimens: GPS:
Pass # 1/ 2|34, 5 Pass# 1,234 Pass # 1,23/ 4|5
<75 <75
5/ 75150 £ 75/150
= )
>150 >150
<75 <75
2| 757150 Z| 75/150
o
O 5150 >150
Comments: Habitat Length:
Habitat Width:
F. 2
Weather: (circle) Clear P. Cloudy
Date: Time: Crew: Cloudy Fog Showers Rain L M H
Habitat Type (Pool or Riffle): %Glide-like
Stream ID:

Habitat type # in reach:

25 50 75100

Protocol Zone (1,2,3):

Method (snorkel,
electrofish, removal)

Electrofish passes:
Snorkel Vis (ft):

Photos: Specimens: GPS:
Pass # 1/ 2 3[4 5| Pass# 1/2 3/ 4|5| Pass# 1, 2|3/ 4|5
<75 <75
‘g 75/150 3 75/150
= >150 >150
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2| 75150 3l 757150
o
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Comments: Habitat Length:
Habitat Width:
Specimen # Species:
Date: / /07 | Time:
Stream ID: Habitat Unit:

Crew:

Habitat Description (substrate):

Figure 3
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Rainbow trout Western brook lamprey
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Trout (not identified to species)
Abundance in the Ellsworth Basin Figure 12
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7. STATISTICAL APPENDIX

A tour of the calculations of the posterior distriftion
of juvenile coho density for stream segment 552R&vdstream of tributaries

Bayesian statistical inference takes its name asggiration from Bayes’ formula, which
results from a straightforward application of thies of the probability calculus,

p( [x) = p()p(x| )/p(x) (1)

where p(|x) is the inference—called the posterior probapibf the parameter or

parameters given (conditional on) the data x. In our case da& x consist of (1) the

area A of the habitat units sampled in the streeagm®nt in question in accord with one
of the three specified protocols, and (2) the nunmbef coho caught during a single
electrofishing pass in that stream segment.

The right-hand side of the equation consists of guantities in the numerator and one
guantity, p(x), in the denominator. P(x), the urgitional probability of the data, is
simply the total probability of the data under @dissible values of the parameter(s)n
the practical calculation of the posterior disttibn p( |x), p(x) merely serves to insure
that the posterior behaves as a true probabilggridution by insuring it will sum to one
across all values of. So for practical purposes p(x) can be ignored.ekviall
calculations of p(|x) for all values of have been made each value o divided by the
sum of all of the calculated values, thereby sgakach calculated value of as a
probability, all of which will then add up to one eequired of a true probability.

The substance of the posterior inference centeth@two quantities in the numerator on
the right-hand side of equation 1. The first qusnt( ), is the prior distribution of the
parameter or parameters that are the focus of dstepor inference. This (these)
distribution(s) is( are) “prior” only in the sengbat they describe the probability
distribution of parameter values before the infdioracontained in the case-specific data
are applied to the inference procedure. Conseqgueltley are not necessarily
“subjective” or “made-up” and in real-world contexivhere uncertainty has practical
consequences, such as in ecology, they should @otThey can, for example, be
knowledge about the distribution of the parametdrmterest in the case at hand and in
other similar cases about which we already havel gomrmation. The second quantity
in the numerator on the right-hand side of equafignp(x| ), is commonly referred to as
the likelihood and is the probability of the daiaem (conditional on) specific values of
the parameter(s).

The Bayes inference on the posterior,|y) results from calculating the product of the
two probabilities in the numerator on the right-tiaide for each individual value of the
parameter(s) in the prior. Note that the objecthe inference is not to obtain or to
evaluate some single parameter value, but rathebtain a probability distribution of
values.
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In order to adequately sample the probabilityritistion of the parameters in the prior
distribution intensive computer simulation is getlgrrequired. The procedure employed
by SWL is particularly effective for drawing largamples from the prior and carrying
out the calculations of the posterior for inferepeceblems of low dimension (3 or fewer
unknown parameters).

Our problem is two-dimensional, since we need toutate posterior distributions for
two unknown parameters, N and C. Both are needed #hough the population size, N,
is ultimately the parameter of most interest to aggns.

Without risk of simplifying too greatly, the proloreis similar to the following problem.
We are presented with a basketful of black andevpibg pong balls and a small scoop
with which we are allowed to take one sample ofsbfsbm the basket by scooping the
shovel randomly through the basket before carefiiting it from the basket. We know
the total area of the basket. We count the numbef Black balls in the shovel. Black
balls are “successes”, white balls are “failurestl are equivalent to fish that were not
captured in the electrofishing case. From this daganust estimate C, the proportion of
the total number of black balls in the basket tae¢g removed, on average, in one
shovelful (i.e., the average number of “successast) N, the total number of black balls
in the entire basket. For any given shovelful-sanigm the basket, the number of black
balls removed (captured) K will follow a binomialrgbability distribution with
parameters N and C: K~Bin(N,C), where N is the trnoamber of black balls in the
basket and C is the true value of C (the averagpgption of the black balls in the basket
that are captured in a shovelful). Thus drawingviddial shovelfuls of balls is a case of
binomial sampling of the black balls in the basket.

Returning to our actual case, the probability ofaobng a single-pass electrofishing
catch of size K given a population of size N anéirst capture probability of C is
distributed as a binomial random variable with paeters N and C,

N
Prolkn,cy ~ Bin(K|N, C) = < ©CK(1-cvo o

Equation (2) allows Prein,c) to be explicitly calculated for specific valueskoN, and
C. The first figure on the right-hand side of tltpials sign signifies the total number of
ways that N objects can be combined into subset&zefK. This is equal to NY/(K! x (N-
K)!), where the exclamation point ! representsdaefization.

For example, suppose that K = 2, N = 10, and C36.0What is the probability of
catching 2 from a population of 10 if the catchability is 0.307? It is

® Continuing the analogy to include the gamma distion on density is not necessary for the purpdse
explaining why single-pass removal is a case abfiial sampling. However, in order to estimate (via
Bayesian inference) the number of black balls emithaginary basket from the single sample of blzalks
in a shovelful one would need to specify a priatritbution either for the total number of blacklbah the
basket or for the density of black balls in a basfé&nown area.

51



10 10 10
x 0.3 x (1-0.3*%? = , X 0.3x0.72= , X 0.09 x 0.058 =

(101)/(2! x 81) x 0.09 x 0.058 = (10 x 9)/(2) x @S2 = 45 x 0.0052 = 0.235.

Equation 2 is the second component on the righttHisahe of equation 1 for the Bayesian
inference problem at hand. That is to say, p(id Bin(K|N, C). The prior probability,
p( ), is the combination of the two prior distributgrThe posterior probability, g&) is
the product of the prior probabilities of partiaulaalues of N (D x A) and C randomly
drawn form the prior distributions multiplied byetiprobability of Bin(K|N, C) calcualted
for a particular value of K and those randomly dnaxalues of N and C.

In order to arrive at a posterialistribution of the probabilities of C and N for each
specfic stream segment (with habitat area A anchdd) p( |[x) must be calculated for a
large number of values of D and C drawn randoml¢ Bna manner that will sample
over the entire range of the distribution but ilogortion to the probability density of
those values in the prior distributiénén the reported analyses, for each stream segment
SWL drew one million values from each of the prabstributions and calculated the
Bin(K|N, C) for each of those values and the vatiK for the stream segment. That is to
say, for each stream segment SWL carried out oli®msuch calculations.

For each of those one million calculations the ltesy likelihood value was assigned to
the particular values of N (D x A) and C used iattbalculation and stored in computer
memory. After all one million values had been cotepuythe values of N drawn and the
values of C drawn were placed in one of 100 equaldsbins and the likelihood values
assigned to each of the values of N and C witldaohebin from all one million
calculations were added up and divided by the tiealihood calculated for all values of
N and C drawn (so that the sum of the binned kiagd values sum to 1 and thus behave
as probabilities).

This binned output was used to produce the grapiwsrsin Figures 13 — 16. Note that in
Figure 15 the historgram for the prior density egsed as population size (green area) is
identical to the histogram for the prior densityg(ife 14) except that it has been re-
scaled by multiplying each value of the distribaticn Figure 14 by 997 (square
meters).The summary output file corresponding tséhfigures is reproduced below. The
approximate 5th and 95th percentiles of the pastelistributions are highlighted in bold
and larger font in the output list. The mean arahdard deviation are reported in the
sections titled “Results Posterior Marginal Summesiri

® For example, if the values of the prior for C rasigetween 0.2 and .08 and values between 0.4 &nd 0.
occur 10 times more frequently than values betv@e2rand 0.4 or between 0.6 and 0.8, the procedure f
drawing random values from the distribution shoulfithe sample we obtain is “large enough” — resul
values between 0.4 and 0.6 being selected appredyrtD times more frequently than values in the tw
tail intervals.
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ELLSWORTH 552P2_2 (downstream of tributaries) OUTPU

PROGRAM SWL (v. 4/01/05) Runon 12/ 3/07 at 9:
ECHO JOB CONTROL SPECIFICATIONS
Compute Bayes Posterior by Sampling Prior and Cumu

JOB ID: TEMPLATE FILE FOR ANALYSES OF ELLSWORTH CR

: DATA. UNKNOWN PARAM TO BE ESTIMATED IS POP
: COHO CAUGHT ON SINGLE PASS AND UNIT AREA A
: C AND COHO DENSITY D (IN SQ.METERS).LIKELI
: NAME EACH HABITAT UNIT FILE E.G. 552P2.JOB
NAME JOB (matches name of job file; names output f
Job Name: E552P2_2
JOB SPECIFIC SUBROUTINE FILE (matches string from
Code Name: REMOVAL

MONTE CARLO CONTROL
Seed: 9
Sample size: 1000 in thousands

Echo interval: 10 in thousands
Prioronly: [] (check to suppress
DATA SPECIFICATIONS
File name:
Read Format:
Observations: 0
Variables: 0
PARAMETERS
number: 2
NAME PARAMETERS
#1: POPULATION SIZE
#2: CAPTURE PROBABILITY
#3:
HISTOGRAM CONTROL  Parameter #1
Short name: N | C
Number of bins: 100 | 100
Lower limit: ~ 3.9000E+01 | 5.0000E
Upper limit: ~ 2.9940E+03 | 8.0000E
Dimensionality for cumulation  (0,1,2,3): 2
Dimensionality for printing histogram tables: 0
JOB SPECIFIC FIXED VALUES
Number specified: 6
Value Name
1.837E+00 ALPHA PARAMETER OF GAMMA PRIOR O
5.601E+00 BETA PARAMETER OF GAMMA PRIOR ON
1.437E+00 ALPHA PARAMETER OF BETA PRIOR ON
6.635E+00 BETA PARAMETER OF BETA PRIOR ON
3.900E+01 DATA: NUMBER CAPTURED DURING THE
: 9.970E+02 DATA: AREA (SQ.M.) OF SAMPLED HA
RESULTS

Paramete

oukrwhE

POSTERIOR MARGINAL SUMMARIES(Monte Carlo resolution)

|Abreviated| Posterior | Posterior |
| name | mean | stddev |
1] N | 3.7660E+02| 1.6889E+02 |
2] C | 1.3033E-01]| 6.9210E-02 |
POSTERIOR CORRELATION MATRIX (Monte Carlo resoluti

[1[2[
[1 N :1.000 -.808
[ 2] C % 1,000

HISTOGRAM REPORT
Marginal for parameter #1 ( N )

100 bins, for values between 3.90000E+01 and
Number of values offscale low = 0 offscale
Fraction of density offscale low = 0.00000E+00 h
Lowest value encountered = 3.90000E+01 highest =
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lating Likelihood

EEK SINGLE-PASS REMOVAL
SIZE N. DATA IS K,NUMBER

. PRIORS ON CAPTURE PROB
HOOD IS BINOMIAL P(K|N,C)

iles)

subroutine SWLIN)

likelihood weighting)

r #2 Parameter #3

I I

I 0 |
-02 | 0.0000E+00 |
-01 | 0.0000E+00 |

N POPULATION DENSITY D
POPULATION DENSITY D
CAPTURE PROBABILITY C
CAPTURE PROBABILITY C
SINGLE PASS

BITAT UNIT

on)

2.99400E+03
high= 0

igh = 0.00000E+00
2.93900E+03



Sum of raw bin weights = 1.00000E+00
Summary at bin resolution:
Mean = 3.76586E+02 Standard deviation = 1.69
Mode at 2.60625E+02 where frequency = 7.1913

BIN

NUMBER CENTER

BIN

DENSITY

5.37750E+01 3.60129E-04 3.60129E-04
8.33250E+01 6.93533E-03 7.29546E-03
1.12875E+02 2.08718E-02 2.81673E-02

1.42425E+02

1.71975E+02 5.26652E-02
2.01525E+02 6.34643E-02
2.31075E+02 6.84003E-02
2.60625E+02 7.19130E-02
2.90175E+02 6.96772E-02

3.19725E+02
3.49275E+02
3.78825E+02
4.08375E+02
4.37925E+02
4.67475E+02
4.97025E+02
5.26575E+02
5.56125E+02
5.85675E+02
6.15225E+02
6.44775E+02

6.74325E+02

7.03875E+02
7.33425E+02
7.62975E+02
7.92525E+02
8.22075E+02
8.51625E+02
8.81175E+02
9.10725E+02
9.40275E+02
9.69825E+02
9.99375E+02
1.02892E+03
1.05847E+03
1.08802E+03
1.11757E+03
1.14712E+03
1.17667E+03
1.20622E+03
1.23577E+03
1.26532E+03
1.29487E+03
1.32442E+03
1.35397E+03
1.38352E+03
1.41307E+03
1.44262E+03
1.47217E+03
1.50172E+03
1.53127E+03
1.56082E+03
1.59037E+03
1.61992E+03
1.64947E+03
1.67902E+03
1.70857E+03

7.00758E-02
6.57337E-02
5.86799E-02
5.69689E-02
5.10484E-02
4.88853E-02
4.20851E-02
3.72563E-02
3.22231E-02
2.85562E-02
2.47282E-02
2.16881E-02

1.40355E-02
1.10741E-02
8.34083E-03
5.86529E-03
4.05159E-03
2.95186E-03
1.77747E-03
1.23889E-03
8.21450E-04
4.33529E-04
2.64234E-04
1.16273E-04
9.18045E-05
4.19357E-05
2.15411E-05
1.31112E-05
5.21065E-06
2.37338E-06
2.30885E-06
7.08017E-07
2.88242E-07
1.72343E-07
1.10085E-07
1.99888E-08
1.66071E-08
8.03674E-09
1.94907E-09
8.83264E-10
7.76862E-11
9.17070E-11
1.56535E-10
3.86873E-11
6.78301E-12
1.22434E-12
1.11595E-12

3.93639E-02

1.20196E-01
1.83661E-01
2.52061E-01
3.23974E-01
3.93651E-01
4.63727E-01
5.29461E-01
5.88140E-01
6.45109E-01
6.96158E-01
7.45043E-01
7.87128E-01
8.24385E-01
8.56608E-01
8.85164E-01
9.09892E-01
9.31580E-01

1.72694E-02

9.62885E-01
9.73959E-01
9.82300E-01
9.88165E-01
9.92217E-01
9.95169E-01
9.96946E-01
9.98185E-01
9.99006E-01
9.99440E-01
9.99704E-01
9.99820E-01
9.99912E-01
9.99954E-01
9.99976E-01
9.99989E-01
9.99994E-01
9.99996E-01
9.99999E-01
9.99999E-01
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00

CUMULATIVE

6.75311E-02

9.48849E-01
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115E+02
OE-02

BIN BOUNDARIES

LOWER
3.90000E+01
6.85500E+01
9.81000E+01

UPPER
6.85500E+01
9.81000E+01
1.27650E+02

1.27650E+02 1.57200E+02

1.57200E+02
1.86750E+02
2.16300E+02
2.45850E+02
2.75400E+02
3.04950E+02
3.34500E+02
3.64050E+02
3.93600E+02
4.23150E+02
4.52700E+02
4.82250E+02
5.11800E+02
5.41350E+02
5.70900E+02
6.00450E+02
6.30000E+02

1.86750E+02
2.16300E+02
2.45850E+02
2.75400E+02
3.04950E+02
3.34500E+02
3.64050E+02
3.93600E+02
4.23150E+02
4.52700E+02
4.82250E+02
5.11800E+02
5.41350E+02
5.70900E+02
6.00450E+02
6.30000E+02
6.59550E+02

6.59550E+02 6.89100E+02

6.89100E+02
7.18650E+02
7.48200E+02
7.77750E+02
8.07300E+02
8.36850E+02
8.66400E+02
8.95950E+02
9.25500E+02
9.55050E+02
9.84600E+02
1.01415E+03
1.04370E+03
1.07325E+03
1.10280E+03
1.13235E+03
1.16190E+03
1.19145E+03
1.22100E+03
1.25055E+03
1.28010E+03
1.30965E+03
1.33920E+03
1.36875E+03
1.39830E+03
1.42785E+03
1.45740E+03
1.48695E+03
1.51650E+03
1.54605E+03
1.57560E+03
1.60515E+03
1.63470E+03
1.66425E+03
1.69380E+03

7.18650E+02
7.48200E+02
7.77750E+02
8.07300E+02
8.36850E+02
8.66400E+02
8.95950E+02
9.25500E+02
9.55050E+02
9.84600E+02
1.01415E+03
1.04370E+03
1.07325E+03
1.10280E+03
1.13235E+03
1.16190E+03
1.19145E+03
1.22100E+03
1.25055E+03
1.28010E+03
1.30965E+03
1.33920E+03
1.36875E+03
1.39830E+03
1.42785E+03
1.45740E+03
1.48695E+03
1.51650E+03
1.54605E+03
1.57560E+03
1.60515E+03
1.63470E+03
1.66425E+03
1.69380E+03
1.72335E+03



100 2.97923E+03 0.00000E+00 1.00000E+00

1.73812E+03
1.76767E+03
1.79722E+03
1.82677E+03
1.85632E+03
1.88587E+03
1.91542E+03
1.94497E+03
1.97452E+03
2.00407E+03
2.03362E+03
2.06317E+03
2.09272E+03
2.12227E+03
2.15182E+03
2.18137E+03
2.21092E+03
2.24047E+03
2.27002E+03
2.29957E+03
2.32912E+03
2.35867E+03
2.38822E+03
2.41778E+03
2.44733E+03
2.47688E+03
2.50643E+03
2.53598E+03
2.56553E+03
2.59508E+03
2.62463E+03
2.65418E+03
2.68373E+03
2.71328E+03
2.74283E+03
2.77238E+03
2.80193E+03
2.83148E+03
2.86103E+03
2.89058E+03
2.92013E+03
2.94968E+03

1.37206E-12
1.33294E-14
3.62333E-15
1.43763E-14
7.20347E-20
5.17492E-16
1.70258E-21
9.55051E-16
2.32517E-26
2.27138E-28
5.27599E-20
9.13746E-36
1.97071E-17
2.88776E-41
4.15569E-21
0.00000E+00
0.00000E+00
2.07929E-36
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
4.38938E-38
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
7.33779E-36

Marginal for parameter #2 ( C

100 bins, for values between 5.00000E-02 and
Number of values offscale low =
Fraction of density offscale low = 0.00000E+00 h
Lowest value encountered = 5.00000E-02 highest =
Sum of raw bin weights = 1.00000E+00
Summary at bin resolution:

Mean = 1.30370E-01 Standard deviation = 6.92

1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00

0 offscale

Mode at 7.62500E-02 where frequency = 6.6285

BIN

NUMBER CENTER
1 5.37500E-02

©Coo~NOOThWN

BIN

6.12500E-02
6.87500E-02
7.62500E-02
8.37500E-02
9.12500E-02
9.87500E-02
1.06250E-01
1.13750E-01

6.14396E-02
6.58121E-02
6.62850E-02
6.50777E-02
6.27546E-02
5.83425E-02
5.45577E-02
4.85777E-02

DENSITY
5.42417E-02

1.15681E-01
1.81493E-01
2.47778E-01
3.12856E-01
3.75611E-01
4.33953E-01
4.88511E-01
5.37089E-01

CUMULATIVE

5.42417E-02
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1.72335E+03
1.75290E+03
1.78245E+03
1.81200E+03
1.84155E+03
1.87110E+03
1.90065E+03
1.93020E+03
1.95975E+03
1.98930E+03
2.01885E+03
2.04840E+03
2.07795E+03
2.10750E+03
2.13705E+03
2.16660E+03
2.19615E+03
2.22570E+03
2.25525E+03
2.28480E+03
2.31435E+03
2.34390E+03
2.37345E+03
2.40300E+03
2.43255E+03
2.46210E+03
2.49165E+03
2.52120E+03
2.55075E+03
2.58030E+03
2.60985E+03
2.63940E+03
2.66895E+03
2.69850E+03
2.72805E+03
2.75760E+03
2.78715E+03
2.81670E+03
2.84625E+03
2.87580E+03
2.90535E+03
2.93490E+03
2.96445E+03

8.00000E-01
high= 8

1.75290E+03
1.78245E+03
1.81200E+03
1.84155E+03
1.87110E+03
1.90065E+03
1.93020E+03
1.95975E+03
1.98930E+03
2.01885E+03
2.04840E+03
2.07795E+03
2.10750E+03
2.13705E+03
2.16660E+03
2.19615E+03
2.22570E+03
2.25525E+03
2.28480E+03
2.31435E+03
2.34390E+03
2.37345E+03
2.40300E+03
2.43255E+03
2.46210E+03
2.49165E+03
2.52120E+03
2.55075E+03
2.58030E+03
2.60985E+03
2.63940E+03
2.66895E+03
2.69850E+03
2.72805E+03
2.75760E+03
2.78715E+03
2.81670E+03
2.84625E+03
2.87580E+03
2.90535E+03
2.93490E+03
2.96445E+03
2.99400E+03

igh = 3.44492E-07

8.38132E-01

043E-02
OE-02

BIN BOUNDARIES

LOWER

UPPER

5.00000E-02 5.75000E-02

5.75000E-02
6.50000E-02
7.25000E-02
8.00000E-02
8.75000E-02
9.50000E-02
1.02500E-01
1.10000E-01

6.50000E-02
7.25000E-02
8.00000E-02
8.75000E-02
9.50000E-02
1.02500E-01
1.10000E-01
1.17500E-01



1.21250E-01
1.28750E-01
1.36250E-01
1.43750E-01
1.51250E-01
1.58750E-01
1.66250E-01
1.73750E-01
1.81250E-01
1.88750E-01
1.96250E-01
2.03750E-01
2.11250E-01
2.18750E-01
2.26250E-01
2.33750E-01
2.41250E-01
2.48750E-01
2.56250E-01

2.63750E-01

2.71250E-01
2.78750E-01
2.86250E-01
2.93750E-01
3.01250E-01
3.08750E-01
3.16250E-01
3.23750E-01
3.31250E-01
3.38750E-01
3.46250E-01
3.53750E-01
3.61250E-01
3.68750E-01
3.76250E-01
3.83750E-01
3.91250E-01
3.98750E-01
4.06250E-01
4.13750E-01
4.21250E-01
4.28750E-01
4.36250E-01
4.43750E-01
4.51250E-01
4.58750E-01
4.66250E-01
4.73750E-01
4.81250E-01
4.88750E-01
4.96250E-01
5.03750E-01
5.11250E-01
5.18750E-01
5.26250E-01
5.33750E-01
5.41250E-01
5.48750E-01
5.56250E-01
5.63750E-01
5.71250E-01
5.78750E-01
5.86250E-01

4.68583E-02
4.14617E-02
3.82039E-02
3.47348E-02
3.13199E-02
2.78614E-02
2.51743E-02
2.27153E-02
2.05507E-02
1.86338E-02
1.64720E-02
1.45364E-02
1.32105E-02
1.19008E-02
1.03164E-02
9.42072E-03
8.77752E-03
7.76123E-03
6.85917E-03

5.35479E-03
4.79501E-03
4.31404E-03
4.01354E-03
3.42619E-03
3.06688E-03
2.74016E-03
2.48010E-03
2.23758E-03
1.96254E-03
1.79733E-03
1.59319E-03
1.40462E-03
1.24672E-03
1.09657E-03
1.01014E-03
8.48285E-04
7.74189E-04
6.97277E-04
5.80922E-04
5.24851E-04
5.48633E-04
3.91545E-04
3.73810E-04
3.08024E-04
3.20670E-04
2.82126E-04
2.47387E-04
2.25411E-04
1.93715E-04
1.66383E-04
1.38421E-04
1.24685E-04
9.98692E-05
1.04484E-04
8.04177E-05
7.05202E-05
6.44827E-05
4.68426E-05
4.37126E-05
4.22744E-05
4.07051E-05
2.76720E-05

5.83947E-01
6.25409E-01
6.63613E-01
6.98347E-01
7.29667E-01
7.57529E-01
7.82703E-01
8.05418E-01
8.25969E-01
8.44603E-01
8.61075E-01
8.75611E-01
8.88822E-01
9.00722E-01
9.11039E-01
9.20460E-01
9.29237E-01
9.36998E-01
9.43857E-01

6.05691E-03

9.55269E-01
9.60064E-01
9.64378E-01
9.68392E-01
9.71818E-01
9.74885E-01
9.77625E-01
9.80105E-01
9.82343E-01
9.84305E-01
9.86103E-01
9.87696E-01
9.89100E-01
9.90347E-01
9.91444E-01
9.92454E-01
9.93302E-01
9.94076E-01
9.94774E-01
9.95354E-01
9.95879E-01
9.96428E-01
9.96819E-01
9.97193E-01
9.97501E-01
9.97822E-01
9.98104E-01
9.98351E-01
9.98577E-01
9.98771E-01
9.98937E-01
9.99075E-01
9.99200E-01
9.99300E-01
9.99404E-01
9.99485E-01
9.99555E-01
9.99620E-01
9.99667E-01
9.99710E-01
9.99753E-01
9.99793E-01
9.99821E-01

9.49914E-01
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1.17500E-01
1.25000E-01
1.32500E-01
1.40000E-01
1.47500E-01
1.55000E-01
1.62500E-01
1.70000E-01
1.77500E-01
1.85000E-01
1.92500E-01
2.00000E-01
2.07500E-01
2.15000E-01
2.22500E-01
2.30000E-01
2.37500E-01
2.45000E-01
2.52500E-01

1.25000E-01
1.32500E-01
1.40000E-01
1.47500E-01
1.55000E-01
1.62500E-01
1.70000E-01
1.77500E-01
1.85000E-01
1.92500E-01
2.00000E-01
2.07500E-01
2.15000E-01
2.22500E-01
2.30000E-01
2.37500E-01
2.45000E-01
2.52500E-01
2.60000E-01

2.60000E-01 2.67500E-01

2.67500E-01
2.75000E-01
2.82500E-01
2.90000E-01
2.97500E-01
3.05000E-01
3.12500E-01
3.20000E-01
3.27500E-01
3.35000E-01
3.42500E-01
3.50000E-01
3.57500E-01
3.65000E-01
3.72500E-01
3.80000E-01
3.87500E-01
3.95000E-01
4.02500E-01
4.10000E-01
4.17500E-01
4.25000E-01
4.32500E-01
4.40000E-01
4.47500E-01
4.55000E-01
4.62500E-01
4.70000E-01
4.77500E-01
4.85000E-01
4.92500E-01
5.00000E-01
5.07500E-01
5.15000E-01
5.22500E-01
5.30000E-01
5.37500E-01
5.45000E-01
5.52500E-01
5.60000E-01
5.67500E-01
5.75000E-01
5.82500E-01

2.75000E-01
2.82500E-01
2.90000E-01
2.97500E-01
3.05000E-01
3.12500E-01
3.20000E-01
3.27500E-01
3.35000E-01
3.42500E-01
3.50000E-01
3.57500E-01
3.65000E-01
3.72500E-01
3.80000E-01
3.87500E-01
3.95000E-01
4.02500E-01
4.10000E-01
4.17500E-01
4.25000E-01
4.32500E-01
4.40000E-01
4.47500E-01
4.55000E-01
4.62500E-01
4.70000E-01
4.77500E-01
4.85000E-01
4.92500E-01
5.00000E-01
5.07500E-01
5.15000E-01
5.22500E-01
5.30000E-01
5.37500E-01
5.45000E-01
5.52500E-01
5.60000E-01
5.67500E-01
5.75000E-01
5.82500E-01
5.90000E-01



73 5.93750E-01 3.30138E-05 9.99854E-01 5.90000E-01 5.97500E-01
74 6.01250E-01 2.67992E-05 9.99881E-01 5.97500E-01 6.05000E-01
75 6.08750E-01 2.03992E-05 9.99901E-01 6.05000E-01 6.12500E-01
76 6.16250E-01 1.27389E-05 9.99914E-01 6.12500E-01 6.20000E-01
77 6.23750E-01 1.59342E-05 9.99930E-01 6.20000E-01 6.27500E-01
78 6.31250E-01 1.43373E-05 9.99944E-01 6.27500E-01 6.35000E-01
79 6.38750E-01 6.60491E-06 9.99951E-01 6.35000E-01 6.42500E-01
80 6.46250E-01 1.10750E-05 9.99962E-01 6.42500E-01 6.50000E-01
81 6.53750E-01 6.85777E-06 9.99969E-01 6.50000E-01 6.57500E-01
82 6.61250E-01 5.36800E-06 9.99974E-01 6.57500E-01 6.65000E-01
83 6.68750E-01 5.88049E-06 9.99980E-01 6.65000E-01 6.72500E-01
84 6.76250E-01 2.85493E-06 9.99983E-01 6.72500E-01 6.80000E-01
85 6.83750E-01 2.19557E-06 9.99985E-01 6.80000E-01 6.87500E-01
86 6.91250E-01 1.94126E-06 9.99987E-01 6.87500E-01 6.95000E-01
87 6.98750E-01 5.77641E-07 9.99988E-01 6.95000E-01 7.02500E-01
88 7.06250E-01 3.57248E-06 9.99991E-01 7.02500E-01 7.10000E-01
89 7.13750E-01 2.12065E-06 9.99993E-01 7.10000E-01 7.17500E-01
90 7.21250E-01 1.41425E-06 9.99995E-01 7.17500E-01 7.25000E-01
91 7.28750E-01 1.54538E-06 9.99996E-01 7.25000E-01 7.32500E-01
92 7.36250E-01 1.06475E-06 9.99997E-01 7.32500E-01 7.40000E-01
93 7.43750E-01 1.35335E-06 9.99999E-01 7.40000E-01 7.47500E-01
94 7.51250E-01 7.04448E-09 9.99999E-01 7.47500E-01 7.55000E-01
95 7.58750E-01 2.04497E-07 9.99999E-01 7.55000E-01 7.62500E-01
96 7.66250E-01 1.17144E-07 9.99999E-01 7.62500E-01 7.70000E-01
97 7.73750E-01 3.80654E-11 9.99999E-01 7.70000E-01 7.77500E-01
98 7.81250E-01 6.08995E-07 1.00000E+00 7.77500E-01 7.85000E-01
99 7.88750E-01 4.16525E-30 1.00000E+00 7.85000E-01 7.92500E-01
100 7.96250E-01 5.81817E-14 1.00000E+00 7.92500E-01 8.00000E-01

In this case, the data consisted of a total samated (A) of 997 square meters and a
total of 39 juvenile coho that were caught by strghss electrofishing. The prior
distribution on density (D) multiplied A has a meain 327 and a standard deviation of
241, for a coefficient of variation (241/327) &.7%. The prior on capture probability C
has a mean of 0.203, a standard deviation of Oatiel coefficient of variation
(0.12/0.203) of 59.1%.

The performance standard for this kind of Bayesmfierence is the coefficient of
variation (CV) of the posterior distributions (stiand deviation/mean) compared to those
of the prior distributions.The smaller the CV ottposterior relative to the CV of the
prior, the less uncertainty about the values ofghmmeters of interest in the posterior
compared to the prior, which expresses our statamoWwledge prior to considering the
data. The more informative the sample data theonamr (and hence less variable) the
posterior distribution relative to the prior disution. In the limit where the data are
completely uninformative the posterior distributould be identical to the prior.

In the example (data for stream segment 552P2 dowams of tributaries) the sampled
density (39/997 = 0.039) is well below the prior anedensity (327/997 = 0.328)
suggesting that the capture data provides litfiermation about the unknown population
size. It does, however, indicate that capture grdibais small and that density is below
average. The posterior mean of probability of cept(C) is 0.13, with a standard
deviation of 0.069 resulting in a CV of 53%, whishslightly smaller than the CV of the
prior (59%). The mean is noticeably smaller thamriean of the prior indicating that the
data provides some information about C. The pasteriean of population size (N) is
376, with a standard deviation of 169 resultingairCV of 45% that is considerably

57



smaller than the CV of the prior (74%). One cartaely do better with better data and

/or narrower, more informative priors. But thabisside the point when the task requires
us to say something about the data we actually.Hawhe example at hand, we can say
that there was information in the catch and arda degarding the distribution of values

of C and N and that we are less uncertain abowgetivalues now (after conducting our

Bayesian inference) than we were when only consigeur prior information.
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