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EXECUTIVE SUMMARY 

A study of the Kaouk River Chinook salmon (Oncorhynchus tshawytscha) was conducted in 2010 to 

estimate the escapement of age 3 and older fish and to estimate the sex, age and length structure of the 

run.  The Kaouk River, located on the west coast of Vancouver Island, British Columbia, is one of three of 

the six indicator streams identified in the Pacific Salmon Treaty that has never received direct hatchery 

enhancement.  Assessments derived from the normative AUC (area-under-the-curve index) program on 

the Kaouk River have estimated escapements in the range of 110 (in 2000) to 820 (in 1998) with the ten-

year (2001-2010) average of 350 fish.   

A mark-recapture study (Petersen model) was conducted to derive the 2010 escapement estimate.  An 

alternative, robust estimation procedure was also examined using maximum likelihood (ML) 

approaches.  Three marks, including a radio tag, were applied to fish in the estuary using recreational 

gear (trolling) and a tangle net.  Fish that entered the lower river at the survey boundary were counted 

as marks (M) by one of two fixed telemetry receivers.  Live recaptures (C) occurred in the river using a 

large beach seine after fish had migrated upstream from the estuary; telemetry surveys were conducted 

to test for population closure and to examine tag loss and nose-in rates.  Carcass surveys were 

conducted to recover marked and unmarked fish.  Biological data and encounter histories of all live and 

dead marked and unmarked fish were collected.   

The total escapement for 2010 using the Petersen model was 150 (95% CI: 74-369; CV=27.3%).  

Alternative estimates of 111 (95%CI: 71-212; CV=30%) and 114 (95%CI: 72-218; CV=30%) were derived 

using ML approaches.  The Chinook Technical Committee (CTC) standard of CV ≤15% was not met for 

either escapement estimate.  The precision standards for age and length structures (i.e. estimated 

values within 10% points of the true value 95% of the time) were not met for age but they were met for 

length.  Population closure was likely not met due to the influence of a large storm event on Sept 25, 

2010 and high river discharge through much of October.   

A mark-recapture approach to estimating escapement had not previously been attempted in this 

system.  One of the goals of this approach is to eventually use the results of the Petersen estimate to 

improve the normative AUC (area-under-the-curve index) program, used to derive escapement annually 

on the Kaouk River.  Further, by incorporating robust approaches to the sampling design of future mark-

recapture surveys, alternative ML methods can be paired with existing protocols to produce additional 

estimates.  The replication of studies that accommodate the use of multiple models will in turn lead to 

the creation of correction and calibration factors, which will provide greater accuracy and precision in 

future escapement estimates. 

The Sentinel Stocks Program provided $208,755 to support the project in 2010.  A total of $41,181 was 

transferred to Fisheries and Oceans Canada to provide partial oversight and to cover capital costs of the 

project.  A total of $ 167,573 was awarded to M.C. Wright and Associates Ltd. to run the study, of which 

$148,840 was spent for the project.  The total balance remaining from the project was $18,733. 
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Definitions of acronyms used in this report 

 

Acronym Definition 

AUC Area-under-the-curve index 

CBC Central British Columbia 

CI Confidence interval 

CTC Chinook Technical Committee 

CU Conservation unit 

CV Coefficient of variation 

CWT Coded wire tag 

DFO Fisheries and Oceans Canada 

IEH Individual encounter history 

KFN Ka:’yu:’k’t’h/ Che:k:tles7et’h’ First Nations (Kyuquot First Nations) 

K-S Kolmogorov-Smirnov (2-sample test) 

ML Maximum likelihood 

NBC Northern British Columbia 

POH Postorbital to hypural plate 

PSC Pacific Salmon Commission 

PST Pacific Salmon Treaty 

RCH Robertson Creek hatchery 

SEAK Southeast Alaska 

SEF Southern Endowment Fund 

SSP Sentinel Stocks Program 

WCVI West Coast Vancouver Island 
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1.  INTRODUCTION 
The Kaouk River, located in Kyuquot Sound on Vancouver Island (50°03’55N; 127°06’40W), is one of the 

six escapement indicator index streams for the West Coast Vancouver Island (WCVI) Chinook salmon 

(Oncorhynchus tshawytscha) stock aggregate identified in the Pacific Salmon Treaty (PST). The status of 

the WCVI Chinook stock aggregate, which is represented by 27 streams along Vancouver Island, is 

currently assessed by six indicator streams with natural spawning populations and an additional eleven 

stream index (PSC, 2009a).  In addition to the Kaouk, the other five indicator streams identified in the 

PST are the Marble, Tahsish, Artlish, Tahsis, and Burman Rivers. The WCVI Chinook indicator stock used 

to examine total fishing mortalities from American and Canadian fisheries for the WCVI aggregate is 

Robertson Creek hatchery (RCH).  The RCH exploitation rate indicator stock is monitored through 

sampling and detection of coded wire tags (CWT) in fisheries such as Southeast Alaska (SEAK), Northern 

British Columbia (NBC), Central British Columbia (CBC), WCVI, and Strait of Georgia.  Of the six natural 

WCVI indicator spawning streams, the Kaouk, Tahsish, and Artlish rivers (Area 26) have never been 

directly enhanced.  It is therefore uncertain how precisely the RCH indicator stock represents the Kaouk 

River and other natural or enhanced Chinook populations; past CWT programs in the other indicator 

streams have shown those stocks to share similar distributions to RCH Chinook (PSC, 2009a).  Concern 

for the status of natural WCVI Chinook stocks including those in the WCVI aggregate has resulted in 

catch reductions in several fisheries (2008 PST Agreement).  

 

Assessments derived from the normative AUC (area-under-the-curve index) program on the Kaouk River 

have estimated escapements in the range of 110 (in 2000) to 820 (in 1998).  The five-year (2006-2010) 

and ten-year (2001-2010) averages are both 350 fish, with a sixteen-year (1995-2010) average of 370 

fish (Figure 1).  Total escapement for Artlish, Kaouk and Tahsish Rivers combined has ranged from 560 

(in 1996) to 2550 (in 1998), with a sixteen-year (1995-2010) average of 1030 fish.  This study, which was 

funded by the Sentinel Stocks Program (SSP) of the Pacific Salmon Commission (PSC), provides the first 

Chinook escapement estimate derived from mark-recapture data and some of the first biological 

baseline data for sex, age, and length composition for the WCVI Kaouk River natural Chinook population.  

 

1.1 Study Area  

Kaouk River salmon are managed under Area 26, which includes all inlets south of Solander Point and 

Tatchu Point (Brooks Peninsula to Kyuquot Sound).  The Kaouk River is located 30 km south of Brooks 

peninsula on the west coast of Vancouver Island.  It flows west from Kaouk Mountain and discharges into 

Fair Harbour, which connects to Tahsish Inlet, in Kyuquot Sound (Taylor and Dunlop, 2008). The Kaouk 

River is approximately 23.2 km (Fielden et al., 1996) with an approximate watershed area of 112 km2 

(Sprout and Fraser, 1981).  Two main tributaries to the river are located at 8.25 km (Rowland Creek) and 

3.75 km (unnamed tributary) (Taylor and Dunlop, 2008).  Water quality studies have suggested that the 

river is nutrient-poor and sensitive to acid inputs (Fielden et al., 1996).  The Kaouk River is described as 

having been affected by extensive logging, which began in 1960 after the mainline road was constructed 

in 1958 (Sprout and Fraser, 1981).  Despite the abundance of high-quality spawning habitat throughout 

the channel, the Kaouk River is subject to flash floods, unstable flows and heavy siltation which occur 

after periods of heavy rain (Sprout and Fraser, 1981).  High turbidity and elevated water levels have been 
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reported to persist in the river when other rivers in the region have cleared (Sprout and Fraser, 1981).  

Several potential obstacles to fish occur within the upper river, between 11.0 km and 16.7 km.  Barriers 

include falls of 1.7 m at 11.0 km, cascades at 12.2 km, 12.9 km and 13.1 km, falls of 6.7 m at 16.7 km and 

falls of 12.0 m at 17.1 km (Taylor & Dunlop, 2008).  The absolute fish barrier to Chinook and other 

species has not yet been determined, but is likely the waterfall at 16.7 km. 

 

Although Kaouk River discharge and precipitation have not been monitored regularly, neighbouring 

watersheds which demonstrate similar west coast weather patterns and stream discharge values can be 

used as an index for the Kaouk River.  Zeballos River (20 km to the southeast) has a hydrometric station 

(Water Survey of Canada - 08HE006) that monitors daily stream discharge.  Between 2006-2009, from 

September 1st to October 1st, the daily mean discharge was consistently below 25 m3/s except in 2009, 

which underwent two high-discharge events by the third week of September (approximate discharges of 

60 and 150 m3/s, respectively) (Figure 2).  Data for 2010 were not available. Daily cumulative 

precipitation (2007-2010) has been monitored from a BC Forest Service fire weather station on the 

Artlish River (6 km north of Kaouk River).  Between September 1st and October 1st peak daily 

precipitation values did not exceed 100 mm for 2007 and 60 mm 2008; the 2008 year had relatively low 

precipitation compared to other years (Figure 3).  In 2009, during the Kaouk River weir project, the 

heaviest precipitation (130 mm) fell on September 18th; this event was one of three which resulted in 

high discharges and weir-topping occurrences.  In 2010, the heaviest precipitation fell on September 25th, 

with over 300 mm of rain having accumulated within 24 hours.  Two subsequent high-precipitation 

events (<50 and 90 mm of rain, respectively) occurred in October 2010.  Persistent high water levels, 

turbidity and heavy discharges were observed by crews on numerous occasions during the mark-

recapture study. 

1.2 Background 

Historically, all five species of Pacific salmon have been observed in Kaouk River. Winter steelhead 

(Oncorhynchus mykiss) and coastal cutthroat trout (Oncorhynchus clarkii) are still observed regularly in 

the river.  Chinook escapement is reported to have declined dramatically in Area 26 between the early 

1950’s to the 1960’s with some recovery between 1962-1967 followed by a steady decline again towards 

the late 1970’s (Sprout and Fraser, 1981).  Historic Chinook escapement estimates (for all Area 26 rivers 

combined) showed a decline from over 8000 fish to fewer than 1000 by the mid-1970’s (Sprout and 

Fraser, 1981).  Estimates for the Kaouk River were reported as 1240 (1963-1967), 660 (1968-1972), and 

375 (1973-1977) (Sprout and Fraser, 1981). Although escapement estimation methods have improved 

considerably since the 1980’s, these historic values provide relative indices which expose the 

susceptibility of Area 26 Chinook stocks to pressures such as harvest and habitat degradation. 

1.3 Objectives 

1. Estimate the 2010 Kaouk River total spawning escapement of age 3 and older Chinook salmon.  

2. Evaluate the age and length structure of adult male and female Chinook salmon in the 2010 

Kaouk River spawning escapement. 
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2.  METHODS 

2.1 Collection of adult Chinook 
All adult Chinook (with POH length ≥ 450 mm) were caught and marked in the Kaouk River estuary 

(event 1). The estuary below the river mouth (Figure 4) was chosen as the main marking site due to the 

known difficulties of applying marks after Chinook migration into the river (PSC, 2009a), as well as 

adhering to the assumption of all fish having equal chance of capture.  Marking occurred in the estuary 

from August 30 through September 10, 2010. The majority of the Chinook were caught (section 2.2 as 

follows) using a commercial gillnetter with a 70 m-long, 13 m-deep tangle net with 16.5 cm mesh.  

Fishing sets occurred during different times of the day and tidal regimes, but the majority were 

completed after dark, around slack tide. Trolling using recreational fishing gear was used as an 

alternative collection method in the same area of the estuary. The following metadata were recorded 

during each set and for each method of fish collection: location, start and stop times, gear type, and 

weather conditions (Tables 1 and 2).  Intensive efforts were made during each set to ensure minimal 

injury to fish being marked. 

 

2.2 Mark application (Petersen event 1) 
Adult Chinook (≥ 450 mm) were marked in the estuary with three different types of marks:  radio tags 

(Lotek 2000 series; burst rate 5 s), spaghetti tags (Floy Inc. FT-4; individually coded), and sex-specific 

operculum punches (left side only).  All Chinook marked in the estuary were given a different and 

discernable set of marks to those applied during any other portion of the study (left operculum punch 

and unique spaghetti tag colour).  Coded radio tags used for marked fish were programmed with two-

digit codes (dead code after tag motionless for 24h).  Unique tag codes were programmed over five 

frequencies (Table 3). 

 

Each captured fish was placed in a plastic sling (approximately 1 m in length) filled with seawater; a wet 

rag was used to cover the eyes of the fish during bio-sampling and marking.  All adult fish with a 

minimum POH (post-orbital to hypural plate) length of 450 mm were retained for marking.  Radio tags 

were activated and tested just prior to insertion to verify code and frequency.  A plastic insertion tube 

(50cm x 1.5cm diameter) was used to place radio tags into the stomach; glycerine was used to coat the 

tag and tube.  A spaghetti tag (secondary mark) was applied with a needle, above the spine and 1-2 cm 

from the back edge of the dorsal fin.  Crimp closures and pliers were used in favour of knots to secure 

the tag; unique tag number (4-digit) was recorded.  The left operculum of each fish was punched (once 

for females and twice for males); location and punch number were recorded (tertiary mark).  After tag 

application and bio-sampling (section 2.4), each fish was placed into a recovery tank (approximately 

0.5m x 0.5m x 1.2m) with a seawater circulation pump until recovered, then the fish was released.  

Release condition was recorded as good, fair or poor. 

 

Of the estuary-marked fish, those that entered and remained in the Kaouk River (confirmed through 

fixed telemetry stations and/or mobile surveys) became marks available for recapture (M).  Marked fish 

that were not confirmed in the river through telemetry surveys were excluded from the estimate.  
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2.3 Live fish recapture (Petersen event 2) 

An inflatable Zodiac (14') with 4 hp motor and an aluminum boat (15') with a 15 hp motor, were used to 

set the net (approx. 60 m x 8 m; 5 cm mesh beach seine) at the 6 km and 8 km sites, respectively (Figure 

5).  A holding pen with netting (approx. 2m x 2m x 1m; 5cm mesh) was used to hold fish for recovery.  

Recapture events occurred between September and October when river conditions permitted.  All 

untagged fish were marked with a second colour of spaghetti tag and given a sex-specific right 

operculum punch.  The same spaghetti tag application procedure was used as described in section 2.2.  

Tag loss for spaghetti tags were traced by identifying secondary operculum marks (left side for estuary-

marked fish and right side for unmarked river fish) and the fish was re-tagged prior to release. 

 

2.4 Bio-sampling 

For each Chinook marked in the estuary and fish captured in the river, POH length and sex were 

recorded.  Operculum tissue was retained for DNA sampling (a separately funded project).  Scales were 

collected from the preferred area for age determination and adipose fin presence was recorded.  Scales 

were read at the ageing  laboratory in the Pacific Biological Station in Nanaimo, BC. 

 

2.5 Radio telemetry monitoring 

Two fixed telemetry receivers (SRX 400A by Lotek Wireless Inc.) were stationed at the fence site (2km) 

and a second site located 10.5 km above the river mouth at the bridge, respectively (Figure 4).  At each 

site, a multiple antenna switch (ASP_8) was configured to scan between 2 standard antennas (4-element 

Yagi) positioned on the bank, pointed upstream and downstream.   Receivers were programmed to log 

(W16-mode) and monitor the activity of marked radio-tagged fish entering the river and to determine 

whether fish migration went above the bridge, the current normative upper survey boundary for AUC 

swims. A third telemetry receiver was used for mobile surveys, which were conducted regularly 

throughout the study to monitor locations of live and dead fish in the river, for generating encounter 

histories as well as for carcass collection.  Collectively, the telemetry survey data were used to monitor 

marks entering the river study boundary, to test the assumption of population closure, to detect nose-in 

rates of fish, to determine whether adult Chinook spawn above the 10.5 km AUC survey boundary, and 

to estimate Chinook residence time. 

 

2.6 Carcass recovery surveys 
Five carcass recovery surveys were conducted along the river from the upper fixed telemetry station at 

the bridge to the lower fixed station at the fence site beginning Oct. 6, 2010.  Crews for separate AUC 

surveys assisted by collecting carcasses during swim surveys. The heavy river discharge for the 

remainder of the study, depth of pools (often containing large numbers of Chum salmon and Coho 

salmon carcasses) and heavy scavenging on stream banks contributed to the challenge of obtaining 

carcasses (and potentially, additional marks).  All carcasses were examined for operculum marks and 

tags (radio and spaghetti). POH length was recorded, and although not analyzed in this report, adipose 

fin presence/absence was noted, tissue samples collected for DNA, and otoliths were removed to check 

for thermal marks.  Scales, if still present, were collected from the preferred location for age 

determination.  Sex was determined and the body cavity examined; egg retention and carcass condition 

were ranked (Table 4).  Typically, carcass recoveries would have been used for the abundance estimate.  
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However, a more reliable Petersen estimate was produced using live recaptures, as only a few carcasses 

were recovered. 

2.7 Analyses 
Estimation of escapement was conducted using the unbiased Petersen estimator as well as maximum 

likelihood approaches. The assumptions of the Petersen model were evaluated: (i) the population is 

closed (no recruitment or deaths in the system between events); (ii) all fish have equal probability of 

capture and marking (mixing occurs of marked and unmarked fish); (iii) marking and handling of fish do 

not affect survival or odds of recapture; (iv) marks are not lost between events; and, (v) all marks are 

reported in the second event.  The assumptions were tested by various methods (section 3.3.1). 

2.7.1 Abundance estimate 

The 2010 escapement estimate and variance were calculated using the unbiased Petersen estimator 

(Chapman 1951): 

 

1. Estimated abundance of Chinook salmon: 

 

 N  =   (M+1)(C+1)   - 1  

  (R+1) 

2. Variance of the abundance estimate: 

       

 V(N ) = (M+1)(C+1)(M-R)(C-R)   

        (R+1)2 (R+2) 

 

Where, 

M  = the number of marked fish that entered the river after event 1 (confirmed by radio telemetry). 

C   = the number of fish captured and inspected for marks in the river on event 2. 

R   = the number of captured fish that bore marks (recaptures).  

2.7.2 Age and sex proportion estimates 

1. Age and sex proportions of Chinook:               

P sex/age = p s,i /n 

2. Variance of the proportion: 

 V(P sex/age) = Psex/age (1- P sex/age)/  n-1 

3. Abundance of males and females of age i in the population were estimated using: 

 N i =  [P sex/age(N ) ] 

4. The variance of the abundance estimate above was estimated using Goodman’s (1960) exact 
variance of products: 

 

 V(N i) =  [(N )2 
 V(P sex/age) + (P sex/age)

2 
 V(N ) - V(P sex/age)  V(N )] 
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Where,   

 

P sex/age  = the proportion of fish in the sample of sex s (male or female), of age i (3, 4, 5, 6). 

p s,i        = the total number of fish of sex s and age i in the sample. 

n          = the total number of fish in the sample. 

N  = the mark-recapture abundance estimate 

 

2.7.3 Abundance using maximum likelihood approaches 

Alternatively, maximum likelihood (ML) methods were used to estimate spawning escapement.  

Encounter histories of marked (radio-tagged) and unmarked fish (tracked by spaghetti tag code) 

collected during recapture events in the river and encountered on telemetry surveys were used to 

examine closure and make abundance estimates under two data schemes.  The first scheme (45-6) used 

individual encounter histories (IEH) from 45 fish; this sample included all fish caught during event 2 

(unmarked n=39 and recaptured marks n=6) and examined all 6 seining events.  The second scheme (61-

5) used the IEH of 61 fish (unmarked n=39 and all marks n=22) with 5 sampling intervals built around 

seining and radio telemetry encounter events.  Tests for closure were conducted, open (POPAN) and 

closed (Otis and Huggins) models were employed where appropriate and ML estimators (using program 

MARK) were used to generate escapement estimates (see Appendix 3 for additional methodological 

detail). 

3.  RESULTS 

3.1 Marks applied and river seining 

Mark application occurred between August 30th and September 10th, 2010.  In total, 87 radio tags were 

applied; one fish did not recover (not tagged).  Biological data for all estuary-tagged fish were collected 

(n=87).  AUC swim crews indicated Chinook were not yet present in the river on September 6th.  

Telemetry receivers at fixed stations were monitored to determine when fish began moving upstream 

from the estuary.  The first fish were detected at the fence site (lower telemetry station) on September 

12th.  Recapture events began on September 21st.  A major storm occurred September 25 - October 1, 

which shut down road access until mid-October and caused considerable changes to the channel bed 

and banks at the upper seining pool. Storm conditions were also noted by M.C. Wright staff and Kyuquot 

First Nation crew members on October 2 - 3 and 11 - 13.  Of the thirteen days crews attempted to seine 

over the period of September 21st and October 21st, only eight days were safe enough to run sets 

effectively (Appendix 1).  Seven successful seining days (on one day conditions were marginal) resulted 

in Chinook captures on four days (September 22, 23, October 5 and 7th). 

3.2 Radio telemetry and spawning range 

Radio telemetry mobile surveys were conducted September 16 – November 3, 2010.  Ten surveys were 

completed in total (3 in-river, 6 roadside and 1 aerial).  Of the 87 tags applied in the estuary, 22 entered 

the river as marks, 5 were detected in the Kauwinch River, 3 were detected in the Tahsish River, 1 was 

collected by Conuma Hatchery staff and 1 was detected in the Leiner River (unconfirmed).  In 2009, the 

upper range of Chinook spawning was believed to end near the 10 km bridge (PSC, 2009a) where the 
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upper fixed telemetry station was positioned.  Two tags were detected by the upper receiver on 

September 23rd, but no additional tags were detected after this date (Table 5).  Subsequent surveys 

failed to detect radio tags above the bridge. 

3.3  Mark-Recapture estimate 

In total, 22 marks (M) entered the river (event 1), 45 fish were captured (C) during event 2, and 6 of the 

fish were recaptures (R). 

3.3.1 Assumptions of the Petersen model 

The assumption of closure (assumption i) was tested by monitoring radio tagged fish movement in the 

river.  All radio tags that were detected at the fence (lower fixed receiver) were confirmed through 

mobile telemetry surveys.  Two tags that were missed at the fence were detected through mobile 

surveys, suggesting there may have been some immigration of new fish in October.  Alternatively, 

antenna range limitations, cycling of five channel frequencies, a power outage and the complex 

morphology of parts of the river (fine clays and bedrock banks) may have hindered detection of these 

fish earlier in the run.  Storm conditions on September 25th and throughout periods during October may 

have also contributed to the removal of live and/or dead fish from the system.  Therefore the 

assumption of closure could not be confirmed with certainty. 

The assumption of equal probability of marking and capture (assumption ii) was examined by comparing 

size distributions and sex of fish by gear type used during event 1 and event 2.   In the estuary, lengths of 

all marked fish were used (n=87) to determine gear-associated bias.  Kolmogorov-Smirnov (K-S) test did 

not support major differences between size distributions of troll-collected and tangle net-collected fish 

(D=0.2328; P=0.527) (Figure 6).  Sex bias between troll-collected and tangle net-collected fish was not 

detected (2=1.488; df=1; P=0.223), suggesting that size and sex ratios of fish captured were not 

dissimilar between gear types used and that all fish had equal chance of capture and marking in the 

estuary.  Data for these fish were therefore pooled.  To address whether size bias existed between 

marks that entered the river (event 1) and river-captured fish (event 2), the K-S test compared each of 

the respective distributions for trolled/tangle-net (pooled) marked fish (n=22) and seine-captured river 

fish (n=45).  The K-S test indicated both distributions were normal, and length distributions were 

marginally different (D=0.3273; P=0.066).  Sex bias between trolled/tangle-net (pooled) fish and seined 

river fish was not detected (2=0.384; df=1; P=0.535) suggesting that size and sex ratios of fish were not 

dissimilar and could therefore be pooled. 

The assumption that marked and handled fish have the same probability of survival as unmarked fish 

(assumption iii) was tested during the marking stage of the study when marked fish were retained for 

observation and recovery after tagging.  Release condition was good in 87.5%, fair in 10.2% and poor in 

1.1% of handled fish.  One fish (1.1%) did not recover and was therefore not tagged.  The counting of 

marked fish as they entered the river at the fence site likely eliminated the bias associated with 

decreased survival of marked individuals in the system, since deaths were likely to have occurred prior 

to river migration, if at all.  
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The assumption of marks not being lost between events (assumption iv) was met by using a tertiary 

marking method (section 3.3.2 as follows).  All captured fish were inspected thoroughly for marks.  

Recapture methods ensured all marks were reported (assumption v). 

3.3.2  Tag loss 

Tag loss did not affect the overall estimate since all marked fish had three marks each.  All marked fish 

that were recaptured had retained their radio tags.  One fish had lost its spaghetti tag, but the fish was 

identified by its operculum punches and radio tag code.  Adjustments for tag loss were therefore not 

necessary in the escapement estimate. 

3.3.3  Carcass recovery 

Of the five carcass recovery surveys conducted in October (Appendix 1), and additional effort from 

several AUC survey crews, only five carcasses were recovered.  Consistently high flows through mid-

October made additional recovery attempts too unsafe.  Four females and one male (all unmarked) 

were recovered in various states of decay (Appendix 2); only three otoliths were recoverable and sent 

for analysis.  Results showed all were wild in origin.  The carcasses were not included in the Petersen 

abundance estimate since the small sample size was not conducive to making statistical comparisons 

with the broader data set.  The POH length data for carcasses was pooled to increase the sample size 

and compare differences between live-only and pooled (live/carcass) length estimates (section 3.5 as 

follows).  

3.4  Abundance estimate 

The ratio of males to females in marked fish was 1.75:1; this value was not significantly different to the 

ratio of males to females observed in captured river fish (2=0.384; df=1; P=0.535). Hence, this ratio was 

applied to sex and age proportion abundance estimates (section 3.5 as follows).   

3.4.1  Petersen estimate 

In total, 22 marks were applied to fish, 45 fish were captured, and 6 marks were recovered.  The 

estimated abundance of Chinook was 150 fish (95% CI: 74-369; CV=27.3%).  See Table 6 for details.  

Given the small number of recaptures obtained relative to unmarked fish in the river, a 95% confidence 

interval (CI) was calculated using exact binomial confidence limits (Krebs, 1999).    

3.4.2  Maximum likelihood approach estimate 

Refer to Appendix 3 for full results.  Under data scheme 45-6, closure was established and the Otis 

model provided an abundance estimate of 111 fish (95%CI: 71-212; CV=30%).  Alternatively, using length 

as covariate, the Huggins model provided an estimate of 114 fish (95%CI: 72-218; CV=30%).  Under data 

scheme 61-5, closure was not established and two open-population models estimated identical 

abundances of 72 fish (95%CI: 65-89; CV=7.7% and 95%CI: 66-87; CV=7.1%, respectively). 

3.5  Age and sex structure 

Fish with partially-read or regenerate scales were excluded from the age and sex proportion estimates.  

Ages given were assigned as marine age, based on the number of marine annuli.  Of the 65 fish for 
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which scales were collected (including live marks, captures and carcasses), 55 were fully-read (84.6%), 9 

were partially-read (13.9%) and 1 was regenerate (1.5%).  Estimated proportions of abundance by sex 

and age were determined using scale age data from live fish only (n=51).  Carcasses of three females 

were all of the 5-year age class while the single male carcass was a stream-type Chinook (age 4.2).  For 

males, the sample population was most strongly represented by the 3-year age class (0.588; SE=0.086; 

95%CI: 0.420-0.756), followed by 5-year (0.206; SE=0.070; 95%CI: 0.068-0.344), 4-year (0.176; SE=0.066; 

95%CI: 0.046-0.307) and 6-year (0.029; SE=0.029; 95%CI: 0-0.087) classes.  The abundance of each age 

class was estimated for males in the run as 56 (SE=27) for 3-year, 17 (SE=12) for 4-year, 19 (SE=13) for 5-

year and 3 (SE=4) for 6-year classes (Table 7).  Females sampled were primarily of the 5-year age class 

(0.882; SE=0.081; 95%CI: 0.724-1.040), followed by the 4-year age class (0.118; SE=0.081; 95%CI: 0-

0.276).  The 3-year and 6-year age classes were not represented in the sample.  The abundance of each 

age class was estimated for females in the run as 6 (SE=13) for 4-year and 49 (SE=38) for 5-year age 

classes.  For males and females (pooled), the most strongly represented age class in the sample was the 

5-year age class (0.431; SE=0.070; 95%CI: 0.294-0.569), followed by 3-year (0.392; SE=0.069; 95%CI: 

0.257-0.527), 4-year (0.157; SE=0.051; 95%CI: 0.056-0.258) and 6-year (0.020; SE=0.020; 95%CI: 0-0.058) 

age classes.  The pooled sex abundance estimates for each age class of the run were 59(SE=19) for 3-

year, 24 (SE=10) for 4-year, 65 (SE=20) for 5-year and 3 (SE=3) for 6-year age classes. 

3.6  Length and age structure 

The POH length distributions of live males (n=43) and females (n=18) were different (K-S test; D=0.6744; 

P=0.000).  Pooling data from live fish and carcasses (1 male; 4 females) made little difference to the 

distributions (K-S test; D=0.6364; P=0.000), which remained significantly different.  While female POH 

lengths were normally-distributed, the male distribution was not normal (Figure 7).  Using POH length 

for all fish recovered (live fish and carcasses pooled) the mean POH length was 635 mm (SE=15; 95%CI: 

605-664) for males and 741 mm (SE=11; 95%CI: 720-762) for females (Figure 8).  Mean POH length for 

both sexes combined was 670 mm (SE=12; 95%CI: 646-694).   

The data set used to calculate proportions of fish by sex and age (n=51) was also used to examine mean 

POH length by age (Figure 9).  For males, the mean POH length was 579 mm (SE=16; 95%CI: 548-609) for 

3-year, 627 mm (SE=26; 95%CI: 576-678) for 4-year, 761 mm (SE=7; 95%CI: 747-774) for 5-year, and 884 

mm (n=1) for 6-year age classes. For females, the mean POH length was 700 mm (SE=10; 95%CI: 680-

720) for 4-year and 745 mm (SE=11; 95%CI: 723-766) for 5-year age classes (Table 8). 

Additional analysis was conducted using pooled data which included partially-read scales, which were 

put into the age class corresponding to the number of marine annuli that were read (i.e. 3M was put 

into the 3-year age class). The following additional combinations of pooled age-length data were 

examined: Live fish and carcasses (pooled) using fully-read scales only (n=55); Live fish and carcasses 

(pooled) using both fully-read and partially-read scales (pooled; n=64); Live fish only using both fully-

read and partially-read scales (pooled; n=60). See Table 8 for details. 
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4.  DISCUSSION 
Survey conditions and data limitations 

The abundance, age, sex and length estimates provided in this study were based on a smaller data set 

than was anticipated at the start of the project.  The biological data are reliable but the abundance 

estimates for the Petersen model should be interpreted carefully, as assumption i, population closure, 

could not be met with certainty due to technical challenges faced from early on in the project.  Weather 

and access to the Kaouk River were extremely challenging after the first days of river seining (event 2), 

which were interrupted by a major storm event.  Over 300 mm of rain fell between September 24th and 

25th and washed out the access road for numerous days.  Crews were able to resume project tasks by 

float plane and boat access, but high river discharge over multiple days likely contributed to a loss of 

carcasses from the spawning grounds; the potential existed for new fish to enter the system. 

Marking efforts were successful in the estuary using both gear types, however use of the commercial 

vessel and tangle net were most efficient and also allowed aerated holding tanks to be used for fish 

recovery.  Although the relative proportions of males and females marked in the estuary and captured in 

the river were not significantly different, females were generally underrepresented in the sample.  On a 

few occasions during seining, crews observed several unmarked Chinook escaping before the lead line 

reached pool bottom. These fish may have been females exhibiting the typical diving behaviour 

associated with beach seining.  Pool depth, persistently high river discharge throughout October and 

extensive numbers of Coho and Chum in the nets complicated capture efforts, which in turn led to small 

sample sizes. 

Telemetry surveys were successful; nose-ins were not observed at the lower telemetry site; all fish 

detected at the fence were later accounted for using mobile telemetry surveys in the river and along the 

road.  The marking of fish in the estuary in early September led to the distribution of radio tags into 

other systems including the neighbouring Kauwinch and Tahsish Rivers.  Rate of tag regurgitation and 

death as a result of handling could not be calculated between the location of radio tag application 

(estuary) and the location of fish entry at the lower receiver site.  The model of radio tag used transmits 

poorly through highly turbid or saline water.  Based on field observations, the fence and lower receiver 

site are likely up to 100m within the upper range of the tidal boundary, and may occasionally experience 

salt water intrusions on a small scale at low flows and higher tides which can potentially hinder 

transmitter signals temporarily.  This possibility is supported by the two fish that were undetected at the 

lower receiver but detected using mobile surveys. Within the survey boundary there were no tag 

regurgitations detected or fish mortalities recorded as a result of marking.  Egg retention rates were not 

calculated since no marked carcasses were recovered and all unmarked female carcasses contained no 

eggs. 

An approximate residence time was calculated using radio tag encounter histories of fifteen fish (Table 

5).  The number of days between tag detection at the lower receiver and deactivated tag detection in 

the river were used to estimate the value.  The midpoint of the time interval between the last date a tag 

was active and the first date the tag was inactive was used to account for days between surveys or days 

tags were missed by the receiver.  The mean residence time for Kaouk Chinook was estimated as 22.1 

days (95%CI: 18.6-25.7). 
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Evaluation of models used 

As a result of small sample sizes of marked and unmarked fish, the pooled sex Petersen abundance 

estimate (N =150 fish; CV=27.3%) was selected over individual male and female estimates, which were 

biased towards males and produced a slightly greater estimate (N =154 fish) if pooled (Table 6).  Female 

fish were consistently caught in smaller proportions than males.  Proportions were closest between 

sexes during mark application in the estuary, where a ratio of approximately 1.6:1 males to females was 

observed (Table 9); but this sample contained fish from other systems and hence, it was not applied to 

the pooled Petersen estimate.  Instead, the ratio of 1.75:1 males to females was used to describe the 

Kaouk River escapement based on the assumption that these fish represented a random sample of the 

run and that a similar sex ratio existed for Kaouk River-bound marked and unmarked fish.     

Of the models considered, the Petersen model returned the highest abundance estimate of 150 fish, 

followed by both closed-model ML estimates (Huggins and Otis models) with 111 and 114 fish, 

respectively.  The two open model ML estimates both produced estimates of 72 fish.  Precision was 

highest using the open ML models (CV=7.1% and 7.7%, respectively), followed by the Petersen model 

(CV=27.3%), and both closed models (identical CV=30%).  The range of values produced by these 

estimates are within the range of historic values (back to the 1950’s) for Chinook in the Kaouk River.  

During the 2010 study, AUC swim and mark-recapture crews consistently monitored the entire river to 

locate fish after storm events later resulted in low seining success.  After September 25th, Chinook were 

consistently low in number and dispersed in single-digit numbers into areas of the river that lacked the 

necessary pools and access conducive to seining.  For comparison, an AUC escapement estimate (Parken 

et al., 2003) of 190  Kaouk River Chinook was higher than any of the mark-recapture estimates examined 

in 2010.  

Although population closure could not be confirmed by telemetry of other methods alone, the tracking 

of individual encounter histories allowed ML approaches to test for closure under different data 

schemes by examining changing probabilities of introductions and losses between encounter events in 

the survey boundary.  The use of ML approaches provided alternative estimates of escapement that did 

not rely on closure as does the Petersen model.  The Petersen model may be more effective in stable 

river systems that aren’t subject to unpredictable west coast weather, flash floods or where fish 

spawning is timed prior to the onset of a major seasonal freshet.  The model does not account for 

changing capture probabilities that can result from fish behaviour, individual spawning timing or 

environmental conditions (Vélez-Espino et al., 2010).  An additional limitation to the Petersen model is 

that it generally ignores detailed encounter history information, which is needed for robust analytical 

approaches that can still operate when simple mark-recapture studies fail to produce reliable estimates 

(Vélez-Espino et al., 2010).  During this study, detailed encounter histories of marked and unmarked fish 

were recorded, which allowed an alternative ML approach to be used from the same data set.  

Encounter histories were critical in this study, given the weather-related challenges faced and resultant 

small sample sizes and inability to verify all the key assumptions required for model validity. 

Robust methods for spawning escapement estimation such as the ML approaches conducted  in this 

study should be integrated into all mark-recapture programs.  Sampling protocols should be designed to 

produce rich data sets that meet the needs of both simple mark-recapture studies as well as ML 
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frameworks as described in Vélez-Espino et al. (2010). The tracking of detailed, individual encounter 

histories should be encouraged, particularly in systems where lack of compliance with the assumptions 

of the Petersen estimate could compromise accuracy.   

5. CONCLUSION 

Overall, the precision targets required for the SSP were not met for the 2010 Kaouk Chinook mark-

recapture study.  The coefficient of variation of ≤15% was not reached for either the Petersen estimate 

or the ML estimators.  A CV of 27.3% was achieved for the Petersen estimate of 150 fish whereas a CV of 

30% was produced by the best closed-population ML estimate of 114. Although open-population ML 

estimators produced CVs of 7.1-.7.7%, problems in model performance were identified (see Appendix 

3). The precision standards for age and length structures (i.e. estimated values within 10% points of the 

true value 95% of the time) were not met for age but they were met for length (Figure 10). 

The use of a variety of approaches to estimating escapement is critical, particularly to address the 

unique sampling demands of every river system.  The blanket-approach of precision-driven escapement 

estimation methods may not be the answer to managing salmon in every system.  Robust approaches to 

data collection and analytical methods may be a solution to generating reliable escapements where 

smaller runs of salmon are known to occur and are therefore more difficult to fit into larger-scale 

sampling regimes. 
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Figure 1.  Total escapement for Kaouk River Chinook and Area 26 index streams.  Data for Area 26 

streams are from AUC index estimates for Artlish River, Kaouk River and Tahsish River, three streams 

that have never received enhancement.  (Source:  DFO South Coast Stock Assessment Division, 2011.  Estimates 

are currently under review and may change from existing values). 
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Figure 2. The daily mean flow (m3s-1) on Zeballos River (roughly 20 km SE of Kaouk River) during the 

months of September and October (Water Survey of Canada Station 08HE006); the error bars on the 

historic mean represent 1 SE). 

 

Figure 3. The daily cumulative precipitation (mm) on the Artlish River (northwest of Kaouk River) (BC 
Forest Service Fire Weather Station).  Data from 2009 to 2010 suggest the first major freshet occurs 
between the second and third weeks in September.  Yellow circles highlight weir-topping events in 2009. 
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Figure 6.  Cumulative distribution of post-orbital-hypural length (mm) by gear type.  Green 
curves represent estuary fish; blue curves represent Kaouk River fish. 

 

Figure 7.  Length-frequency distribution of male and female ≥3.0 yr Chinook from Kaouk 
River study (n=61 live fish; n=64 pooled live fish and carcasses). 
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Figure 8.  Mean POH length of male (n=44)and female (n=22) fish ±95% CI.  Data pooled from live and 
dead fish in river (marked, unmarked and carcasses). 
 
 
 
 
 

  

 
Figure 9.  Mean POH length of male and female fish at ages 3, 4, 5, 6 (±95% CI).  Data pooled from 
live fish in river (marked and unmarked); partially-read and regenerate scales excluded. 
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Figure 10.  Percent precision magnitude (100 x [Upper 95% CL – Mean]/Mean) of mean POH lengths 
(mm) by age of male and female Chinook salmon for various data scenarios in described in Table 8.   
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9. TABLES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1. Kaouk River Project Site Coordinates 

 

Sampling Location Activity Gear Type Lat (deg dec. min) Long (deg dec. min) 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.835N 127 07.194W 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.835N 127 07.201W 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.886N 127 07.216W 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.965N 127 07.242W 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.816N 127 07.216W 

Fair Harbour - Kaouk River estuary Mark Gillnet 50 03.971N 127 07.199W 

Kaouk River - Pool 6 km above river mouth Recapture Beach Seine 50 03.996N 127 02.680W 

Kaouk River - Pool 8 km above river mouth Recapture Beach Seine 50 04.295N 127 01.379W 

Kaouk River - Lower fixed telemetry receiver Telemetry  n/a 50 03.920N 127 05.101W 

Kaouk River - Upper fixed telemetry receiver Telemetry  n/a 50 04.528N 126 59.329W 

 

 

Table 2. Summary of Fishing Times and Tidal Conditions for Marking Phase of Project 
 

Date Start Time (00:00) Stop Time (00:00) Tidal Stage Weather Conditions 

01-Sep-10 9:55 10:45 falling Sun/cloud 

02-Sep-10 7:50 14:50 various Sun/cloud 

02-Sep-10 19:45 20:45 high, falling Night; dry 

03-Sep-10 7:15 8:45 rising Day; dry 

03-Sep-10 11:00 11:15 falling Day; dry 

06-Sep-10 21:00 23:30 rising Night; dry 

07-Sep-10 0:00 1:05 high  Night; dry 

07-Sep-10 20:50 23:50 rising Night; dry 

08-Sep-10 0:35 2:20 falling Night; dry 

08-Sep-10 20:00 23:45 rising Night; dry 

09-Sep-10 0:10 1:10 high Night; dry 

09-Sep-10 1:12 3:05 falling Night; dry 

09-Sep-10 20:20 23:00 rising Night; dry 

10-Sep-10 0:20 1:00 rising Night; dry 

 

 

 

 

 

 

 

 

 

 



Table 3. Frequencies of radio tags used for marking fish in Kaouk River estuary 
 

149.27 149.29 149.39 149.41 149.45 149.59 

12 21 31 41 51 61 

13 23 32 42 53 62 

14 26 33 43 54 63 

58 66 34 44 55 64 

59 67 35 45 56 65 

60 68 36 46 57 66 

61 69 37 47 58 67 

62 70 38 48 59 68 

63 71 39 49 60 69 

64 72 40 50 92 70 

65 73 74 83 93   

    75 84 94   

    76 85 95   

    77 86 96   

    78 87 97   

    79 88 98   

    80 89 99   

    81 90     

    82 91     

 

 

Table 4. Egg retention and carcass condition ranks for carcass recovery surveys 

 

Rank Egg Retention Carcass Condition 

1 Full intact skein with 0% eggs spawned Fresh carcass; red or mottled gills; bright eyes 

2 >500 eggs remaining in skein Firm flesh; white gills; glazed eyes 

3 100-500 eggs remaining in skein Intact fish; putrid flesh; dull or no eyes 

4 <100 eggs left in skein Skin and bones only 

 



Table 5:  Telemetry Results for Marked Fish in Kaouk River 

POH 

Length
Sex

Method of 

Capture

Detected at 

Fence (Rec 

1)

Detected at 

Bridge (Rec 

2)

16/09/2010 23/09/2010 02/10/2010 06/10/2010 07/10/2010 13/10/2010 18/10/2010 20/10/2010 22/10/2010 03/11/2010

Code Freq Channel Tag No. Date Tagged  mm M/F Date/Time Date/Time In-River In-River In-River Roadside Roadside Roadside Roadside Aerial Roadside Roadside Recaptured
Not 

Recaptured

Estimated Residence 

Time (d)

23 149.29 2 4002 Sept.1, 2010 740 M Trolling 21-Sep-10 0 0 0 0 0 1 1 0 -1 0 1 29.0

34 149.39 3 4004 Sept. 2, 2010 760 M Trolling 20-Sep-10 23-Sep-10 0 0 0 1 0 1 1 1 0 0 1  

26 149.29 2 4006 Sept. 2, 2010 800 F Trolling 28-Sep-10 0 0 1 1 1 1 0 0 -1 0 1 19.5

36 149.39 3 4007 Sept. 2, 2010 780 M Trolling 20-Sep-10 0 0 1 -1 0 0 0 0 0 0 1 14.0

35 149.39 3 4008 Sept. 2, 2010 690 F Trolling 23-Sep-10 0 0 0 1 1 0 -1 0 0 0 1 19.5

40 149.39 3 4012 Sept. 2, 2010 605 M Tangle net 0 0 0 0 1 0 1 0 0 0 1  

37 149.39 3 4014 Sept. 2, 2010 770 M Tangle net 17-Sep-10 0 0 1 0 1 0 0 0 0 0 1  

38 149.39 3 4018 Sept. 2, 2010 690 F Trolling 20-Sep-10 0 1 0 1 0 1 1 0 1 -1 1 38.0

55 149.45 5 4022 Sept. 3, 2010 755 F Tangle net 12-Sep-10 1 1 0 -1 0 0 0 0 0 0 1 17.5

79 149.39 3 4034 Sept. 8, 2010 884 M Tangle net 12-Sep-10 23-Sep-10 1 1 0 0 0 0 1 0 0 0 1  

64 149.59 6 4036 Sept. 7, 2010 600 M Tangle net 12-Sep-10 1 1 0 -1 0 0 0 0 0 0 1 17.5

49 149.41 4 4042 Sept. 7, 2010 724 M Tangle net 12-Sep-10 1 1 -1 0 0 0 0 0 0 0 1 15.5

44 149.41 4 4043 Sept. 6, 2010 762 F Tangle net 19-Sep-10 0 0 0 0 -1 0 0 0 0 0 1 9.0

70 149.29 2 4050 Sept. 9, 2010 588 M Tangle net 12-Sep-10 1 0 1 -1 0 0 0 0 0 0 1 22.0

73 149.29 2 4058 Sept. 9, 2010 710 F Tangle net 20-Sep-10 0 1 1 -1 0 0 0 0 0 0 1 14.0

72 149.29 2 4076 Sept. 10, 2010 613 M Tangle net 12-Sep-10 1 1 1 1 1 0 0 1 0 0 1  

47 149.41 4 4296 Sept. 7, 2010 746 F Tangle net 0 0 0 0 0 1 0 0 0 0 1  

61 149.59 6 4297 Sept. 7, 2010 615 M Tangle net 12-Sep-10 1 0 0 0 0 0 -1 0 0 0 1 20.0

54 149.45 5 4301 Sept. 7, 2010 764 M Tangle net 12-Sep-10 1 0 0 1 0 -1 0 0 0 0 1 27.5

32 149.39 3 4304 Sept. 7, 2010 735 M Tangle net 12-Sep-10 1 0 0 0 1 1 -1 0 0 0 1 33.5

48 149.41 4 4306 Sept. 7, 2010 730 F Tangle net 23-Sep-10 0 0 0 0 0 1 1 1 1 -1 1 35.5

65 149.59 6 4309 Sept. 7, 2010 582 M Tangle net 15-Sep-10 1 1 0 0 0 0 0 0 0 0 1 -

M 3 11  Mean= 22.1

Note 1 indicates an active tag, -1 indicates a dead tag and 0 indicates tag was not detected. F 3 5 SE = 1.83

n 6 16 95% CI: 18.6-25.7

Radio Tag Spaghetti Tag

Mobile Surveys



Table 6.  Petersen abundance estimates for Chinook salmon (≥3 yr) 

 
M C R                Variance SE CV(%) 95% CI1 

Males 14 32 3 123 1974 44 36.2 41-538 

Females 8 13 3 31 79 9 29.1 13-121 

Pooled sexes 22 45 6 150 1684 41 27.3 74-369 

1.  Binomial exact confidence limits (Krebs, 1999) 

Table 7.  Proportions and abundance of male and female Chinook salmon by marine age 

 
 

Age 
 

    3.1 4.1 5.1 6.1 Total 

Male n 20 6 7 1 34 

                  0.588 0.176 0.206 0.029 1.000 

                 0.007 0.004 0.005 0.001   

           0.086 0.066 0.070 0.029   

  95% CL upper 0.756 0.307 0.344 0.087   

  95% CL lower 0.420 0.046 0.068 0.000   

                 56 17 19 3 95 

                 735 144 175 19   

           27 12 13 4   

Female n 0 2 15 0 17 

  Proportion      0.000 0.118 0.882 0.000 1.000 

                   0.006 0.006     

             0.081 0.081     

  95% CL upper   0.276 1.040     

  95% CL lower   0.000 0.724     

                   6 49   55 

                   158 1446     

             13 38     

Sexes 
Pooled 

n 20 8 22 1 51 

                0.392 0.157 0.431 0.020 1.000 

                 0.005 0.003 0.005 0.000   

           0.069 0.051 0.070 0.020   

  95% CL upper 0.527 0.258 0.569 0.058   

  95% CL lower 0.257 0.056 0.294 0.000   

  Abundance      59 24 65 3 150 

                 358 96 415 9   

           19 10 20 3   

 



Table 8.  Mean POH lengths by marine age for male and female Chinook salmon 

  
                

   Live and Carcasses 
(pooled)  

Male 
  

  Female 
 

  
     3 4 5 6 4 5 Total 

 

 
Fully-Read Scales n 20 7 7 1 2 18 55 

 

 
  Mean 578.60 617.43 760.71 884.00 700.00 747.78   

 

 
  Variance 4878.36 3976.62 342.90   200.00 1603.59   

 

 
  SE 15.62 23.83 7.00   10.00 9.44   

 

 
  95%CL upper 609.21 664.14 774.43   719.60 766.28   

 

 
  95%CL lower 547.99 570.71 747.00   680.40 729.28   

 

 
Pooled Fully-read 
and Partially-read 

scales 

n 23 9 10 1 3 18 64 

 

 
Mean 577.61 620.78 760.80 884.00 740.00 747.78   

 

 
Variance 4403.89 3290.69 304.84   4900.00 1603.59   

 

 
  SE 13.84 19.12 5.52   40.41 9.44   

 

 
  95%CL upper 604.73 658.26 771.62   819.21 766.28   

 

 
  95%CL lower 550.49 583.30 749.98   660.79 729.28   

 

 

Live Only 
 

       
 

 
Fully-Read Scales n 20 6 7 1 2 15 51 

 

 
  Mean 578.60 627.00 760.71 884.00 700.00 744.53   

 

 
  Variance 4878.36 4002.40 342.90   200.00 1849.84   

 

 
  SE 15.62 25.83 7.00   10.00 11.11   

 

 
  95%CL upper 609.21 677.62 774.43   719.60 766.30   

 

 
  95%CL lower 547.99 576.38 747.00   680.40 722.77   

 

 
Pooled Fully-read 
and Partially-read 

scales 

n 25 9 7 1 3 15 60 

 

 
Mean 582.00 671.67 760.71 884.00 740.00 744.53   

 

 
Variance 4355.92 7076.25 342.90   4900.00 1849.84   

 

 
  SE 13.20 28.04 7.00   40.41 11.11   

 

 
  95%CL upper 607.87 726.63 774.43   819.21 766.30   

 

 
  95%CL lower 556.13 616.71 747.00   660.79 722.77   

 

           Table 9.  Approximate ratios of males to female Chinook salmon by location and gear type 

Location Stage of project n Males Females 
Approximate 

M:F ratio 

Estuary Troll and tangle net - mark application 87 0.609 0.391 1.56:1 

River (Marks that entered the river) 22 0.636 0.364 1.75:1 

River Recapture - Seine unmarked 39 0.744 0.256 2.9:1 

River Recapture - Seine marked (recaptures) 6 0.5 0.5 1:1 

River Recapture - Live and carcasses pooled 66 0.667 0.333 2:1 
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APPENDIX 1 

2010 Project Chronology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Project Start-Up

Crew Training

Marking - Estuary Radio 

Tagging - Trolling 

Marking - Estuary Radio 

Tagging - Gillnet

Recapture - In-River  f f x  f f x x

Radio Telemetry Survey

Carcass Recovery x x

MCW Crew Present 

x - seine attempt and cancellation due to hazardous river conditions.

f - seining days where ≥1 adult Chinook was captured.

APPENDIX 1.  Kaouk River Project Phases

August September October

First Major Storm 

Event and Road 

Closure

Second 

Major 

Storm
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APPENDIX 2 

2010 data summary for all Kaouk River Chinook 

(live fish and carcasses) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ref no.
Live or 

Dead

POH 

(mm)

Age 

Result

Sex 

M/F
Freq Code

Tag 

Colour

External 

Tag No. 

Tag 2 (tag 

1 loss)

Release 

Condition

Gear 

Type

Date Marked 

(Event 1)

(M) River RT 

detection date

(C) Captured Sep 21-Oct 

7 (Event 2)

Date Unmarked 

Fish Inspected

Otolith 

Result

Carcass 

Condition

Egg 

Retention

1 L 740 51 M 149.29 23 Y 4002 Good Troll 1-Sep-10 21-Sep-10 not recaptured

2 L 690 41 F 149.39 38 Y 4018 Fair Troll 2-Sep-10 20-Sep-10 recaptured

3 L 770 51 M 149.39 37 Y 4014 Fair Tangle 2-Sep-10 17-Sep-10 not recaptured

4 L 605 2M M 149.39 40 Y 4012 Good Tangle 2-Sep-10 07-Oct-10 not recaptured

5 L 690 51 F 149.39 35 Y 4008 Fair Troll 2-Sep-10 23-Sep-10 not recaptured

6 L 780 51 M 149.39 36 Y 4007 2846 Good Troll 2-Sep-10 20-Sep-10 recaptured

7 L 800 51 F 149.29 26 Y 4006 Good Troll 2-Sep-10 28-Sep-10 not recaptured

8 L 760 4M M 149.39 34 Y 4004 Fair Troll 2-Sep-10 20-Sep-10 not recaptured

9 L 755 51 F 149.45 55 Y 4022 Good Tangle 03-Sep-10 12-Sep-10 recaptured

10 L 762 51 F 149.41 44 Y 4043 Good Tangle 06-Sep-10 19-Sep-10 not recaptured

11 L 582 41 M 149.59 65 Y 4309 Good Tangle 07-Sep-10 15-Sep-10 not recaptured

12 L 730 51 F 149.41 48 Y 4306 Good Tangle 07-Sep-10 23-Sep-10 not recaptured

13 L 735 51 M 149.39 32 Y 4304 Good Tangle 07-Sep-10 12-Sep-10 not recaptured

14 L 764 51 M 149.45 54 Y 4301 Good Tangle 07-Sep-10 12-Sep-10 not recaptured

15 L 615 41 M 149.59 61 Y 4297 Good Tangle 07-Sep-10 12-Sep-10 not recaptured

16 L 746 51 F 149.41 47 Y 4296 Good Tangle 07-Sep-10 13-Oct-10 not recaptured

17 L 724 41 M 149.41 49 Y 4042 Good Tangle 07-Sep-10 12-Sep-10 recaptured

18 L 600 3M M 149.59 64 Y 4036 Fair Tangle 07-Sep-10 12-Sep-10 not recaptured

19 L 884 61 M 149.39 79 Y 4034 Good Tangle 08-Sep-10 12-Sep-10 not recaptured

20 L 710 41 F 149.29 73 Y 4058 Good Tangle 09-Sep-10 20-Sep-10 recaptured

21 L 588 2M M 149.29 70 Y 4050 Good Tangle 09-Sep-10 12-Sep-10 recaptured

22 L 613 31 M 149.29 72 Y 4076 Good Tangle 10-Sep-10 12-Sep-10 not recaptured

23 L 782 51 M O 2892 Good Seine unmarked 22-Sep-10

24 L 780 4M M O 2891 Good Seine unmarked 22-Sep-10

25 L 728 51 F O 2880 Good Seine unmarked 22-Sep-10

26 L 563 41 M O 2867 Good Seine unmarked 22-Sep-10

27 L 509 31 M O 2866 Good Seine unmarked 22-Sep-10

28 L 545 31 M O 2863 Good Seine unmarked 21-Sep-10

29 L 684 41 M O 2861 Good Seine unmarked 21-Sep-10

30 L 614 31 M O 2859 Good Seine unmarked 21-Sep-10

31 L 592 31 M O 2858 2869 Good Seine unmarked 21-Sep-10

32 L 820 4M F O 2857 Fair Seine unmarked 4-Oct-10

33 L 743 4M M O 2855 Good Seine unmarked 22-Sep-10

34 L 808 51 F O 2852 Good Seine unmarked 22-Sep-10

35 L 672 51 F O 2851 Good Seine unmarked 22-Sep-10

36 L 710 51 F O 2850 Good Seine unmarked 22-Sep-10

37 L 760 51 F O 2849 Good Seine unmarked 22-Sep-10

38 L 650 31 M O 2839 Good Seine unmarked 22-Sep-10

39 L 665 3M M O 2838 Good Seine unmarked 21-Sep-10

40 L 564 31 M O 2837 Good Seine unmarked 21-Sep-10

41 L 594 41 M O 2836 Good Seine unmarked 21-Sep-10

42 L 561 RG M O 2835 Good Seine unmarked 21-Sep-10

43 L 472 31 M O 2834 Good Seine unmarked 21-Sep-10

44 L 550 31 M O 2833 2828 Good Seine unmarked 21-Sep-10

45 L 754 51 M O 2832 Good Seine unmarked 22-Sep-10

46 L 520 2M M O 2829 Good Seine unmarked 22-Sep-10

47 L 632 31 M O 2827 Good Seine unmarked 4-Oct-10

48 L 456 31 M O 2826 Good Seine unmarked 4-Oct-10

49 L 631 31 M O 2825 Good Seine unmarked 21-Sep-10

50 L 758 51 F O 2824 Good Seine unmarked 21-Sep-10

51 L 680 51 F O 2823 Good Seine unmarked 21-Sep-10

52 L 612 31 M O 2822 Good Seine unmarked 21-Sep-10

53 L 620 31 M O 2821 Good Seine unmarked 21-Sep-10

54 L 532 31 M O 2819 Good Seine unmarked 21-Sep-10

55 L 570 31 M O 2818 Good Seine unmarked 4-Oct-10

56 L 772 31 M O 2816 Good Seine unmarked 22-Sep-10

57 L 550 31 M O 2815 Good Seine unmarked 22-Sep-10

58 L 766 51 F O 2812 Good Seine unmarked 21-Sep-10

59 L 803 51 F O 2810 Good Seine unmarked 4-Oct-10

60 L 532 31 M O 2809 Good Seine unmarked 21-Sep-10

61 L 556 31 M G 693 Good Seine unmarked 7-Oct-10

62 D 752 51 F Carcass unmarked 20-Oct-10 n/a 2 4

63 D 760 51 F Carcass unmarked 21-Oct-10 unmarked 1 4

64 D 780 51 F Carcass unmarked 21-Oct-10 unmarked 1 4

65 D 560 42 M Carcass unmarked 26-Oct-10 unmarked 1 n/a

66 D 616 n/a F Carcass unmarked 20-Oct-10 n/a 4 n/a

Appendix 2 - Kaouk River 2010 Data Summary for All Handled Fish in Mark-Recapture Study
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APPENDIX 3 

Estimation of 2010 Kaouk Chinook escapement using maximum 

likelihood approaches 
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Estimation of 2010 Kaouk Chinook escapement using maximum 

likelihood approaches 
 

Methods 

Individual encounter histories are required for maximum likelihood estimation of 
population size (see Appendix A for details). Two data schemes were used for the 
construction on individual encounter histories. Data scheme 45-6 included 45 histories 
from spaghetti-tagged, river-captured fish (6 recaptured (radio tag) marked fish and 39 
unmarked (spaghetti tag) fish were included in this scheme) encountered on six occasions 
(Sept. 21, Sept. 22, Oct. 3, Oct. 4, Oct. 5, and Oct. 10). Data scheme 61-5 included 61 
histories (22 (radio tag) marks that entered the river and 39 unmarked (spaghetti tag) fish) 
on five sampling intervals (Sep. 12-Sept. 20; Sept. 2-Sep. 23; Sept. 28-Oct. 7; Oct. 13-
Oct. 22; and, Nov. 3). Sampling occasions were pooled in some of the intervals in data 
scheme 61-5 to better represent environmental conditions (i.e., storm events) during the 
study and to reduce the number of model parameters. Stratification by sex or other factors 
was not considered in either of these data schemes due to the small sample sizes. 
 
Analyses were conducted separately for each data scheme and following 4 steps. For 
additional detail on this methodology see Vélez-Espino et al. (2010). First, demographic 
closure was tested using the Close Test described by Stanley and Burnham (1999). 
Second, an AIC model selection approach was applied separately to open-population and 
closed-population approaches to select the best models. For the open-population 
approach, we followed a super-population approach (Schwarz and Arnason 1996; 
henceforth POPAN Model) where model profiles are the result of combinations of 
various assumptions pertaining to capture probabilities, survival rates, and probabilities 
of entering the system at different times. The evaluation of closed-population models was 
separately conducted for methods developed by Otis et al. (1978; henceforth Otis Model) 
and Huggins (1989; henceforth Huggins Model), with the latter allowing for the 
incorporation of covariates as a means to improve model performance by constraining 
parameter variability. Individual POH length was used for this purpose. Third, model 
selection was complemented with likelihood ratio tests to identify the significance of 
statistical differences between models. Fourth, escapement was estimated using 
maximum likelihood estimators (MLE) from the best models. Program MARK (Gary C. 
White, Department of Fish, Wildlife, and Conservation Biology, Colorado State 
University, Fort Collins, Colorado) was used for AIC model selection and derivation of 
MLEs. 
 
Results 

The output of the Close Test indicated population can be considered closed under data 
scheme 45-6 (Table 1), but closure conditions were not met for data scheme 61-5 (Table 
2).  
 
Unmarked and recaptured fish only (n=45) 

Closed-population model selection for data scheme 45-6 indicated model {p(t)=c(t)} as 
the best model for both Otis Model (Table 3) and Huggins Model (Table 4). Model 
{p(t)=c(t)} is characterized by equal capture (p) and recapture (c) probabilities at each 
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sampling occasion but changing with time (t). The likelihood-ratio tests indicated 
significant differences between the best model and neighbouring models, excepting the 
global model {p(t),c(t)} in which capture and recapture probabilities differ at each 
sampling occasion. For the Otis Model, the best model was marginally different to the 
global model whereas for the Huggins Model, the difference was not significant.   
 
The best model {p(t)=c(t)} generated escapement estimates of 111 fish (95% CI: 71 – 
212; CV = 30%) and 114 (95% CI: 72 – 218; CV = 30%) for the Otis Model (Table 5) 
and Huggins Model (Table 6), respectively. 
 
Unmarked and marked fish combined (n=61) 

Open-population model selection for data scheme 61-5 indicated model {p(*),s(t),b(t)} as 
the best model (Table 7). This model is characterized by constant capture probability (p) 
during the study and both survival probability (s) and entrance probability (b) varying 
with time. The likelihood-ratio tests indicated significant differences between the best 
model and neighbouring models, excepting model {p(*),s(*),b(t)}. Models including time 
varying capture probabilities p(t) are included in the list for illustration purposes but in 
fact these types of models are not used for estimation purposes because they include 
unidentifiable parameters (Amstrup et al. 2005).  
 
The best model {p(*),s(t),b(t)} generated escapement estimates of 72 fish (95% CI: 65 – 
89; CV = 7.75%; Table 8). For comparison, the closed-population Huggins Model 
produced an escapement estimate of 72 fish as well with slight differences in precision 
(95% CI: 66 – 87; CV = 7.10%). 
 
Conclusions 

Although the incorporation of radio-tagged fish in the mark-recapture experiment (i.e., 
data scheme 61-5) produced escapement estimates with higher precision (CV = 7.10% - 
7.75%), the statistics for s2, indicating a survival probability of 1.00 between the first and 
second sampling occasion with a standard error of 0.00 (Table 8), is deemed as evidence 
for problematic model performance and unidentifiable parameters. This is not the case in 
the analyses for data scheme 45-6 where parameter values of p = 0.00 exist as a result of 
the absence of recaptures for sampling occasions 3 and 5. Also, the proximity of the total 
sample size (n = 61) to the point estimate for data scheme 61-5 (N = 72) could indicate 
problems with maximum likelihood estimation under data scheme 61-5. The results of 
the analysis for data scheme 45-6, representing only recaptured marks and unmarked fish, 
shows better statistical properties in spite of the greater escapement CV (30%). However, 
this level of precision is reasonable for small sample sizes. Maximum likelihood 
estimation of Kauok Chinook salmon spawning escapement produced point escapement 
estimates of 111 fish and 114 fish with the OTIS Model and the Huggins Model, 
respectively. 
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Table 1. Results of closure test for data scheme 45-6. See Appendix B for notation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Results of closure test for data scheme 61-5. See Appendix B for notation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
Chi-square statistic = 3.14058; df = 2; p-value = 0.20799 
  
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
  z-value = -999.00000; p-value = 2.00000 
  
  Component Statistics of Stanley & Burnham Closure Test 
------------------------------------------------------------------------------- 
     Component   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
 Tests for additions to population (Low p-values suggest there were additions) 
      NR vs JS     0.00000                  0           1.00000 
     M_t vs NM    -1.00000               0           1.00000 
  
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR     3.14058               2           0.20799 
      NM vs JS     0.00000                0           1.00000 
------------------------------------------------------------------------------- 

Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
Chi-square statistic = 29.22433; df = 4; p-value = 0.00001 
  
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
  z-value = -2.32181; p-value=     0.01012 
  
  Component Statistics of Stanley & Burnham Closure Test 
------------------------------------------------------------------------------- 
     Component   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
 Tests for additions to population (Low p-values suggest there were additions) 
      NR vs JS     3.44078                   1           0.06361 
     M_t vs NM    10.08120               2           0.00647 
  
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR    25.78355               3           0.00001 
      NM vs JS    19.14313                2           0.00007 
------------------------------------------------------------------------------- 
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Table 3. Outcome of closed-population model selection using the AIC framework and 
results of likelihood-ratio tests for data scheme 45-6 under Otis Model. Models are 
defined by the probability of capture (p) and the probability of recapture (c) under time-
specific (t), or invariant (*) conditions.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model selection 
-------------------------------------------------------------------------------------------  
                                           Delta    AICc         Model                       
Model                  AICc     AICc     Weight     Likelihood   #Par    Deviance 
-------------------------------------------------------------------------------------------  
{p(t)=c(t)}        -104.881    0.00      0.74229   1.0000      7.0000     10.868 
{p(t),c(t)}         -102.765    2.12       0.25771    0.3472    12.000      2.198 
{p(*),c(*)}         -72.235    32.65     0.00000     0.0000     3.0000     51.851 
{p(*)=c(*)}        -34.723   70.16      0.00000    0.0000     2.0000     91.409 
-------------------------------------------------------------------------------------------  
 
 

Likelihood-ratio tests 
-------------------------------------------------------------------------------------------                                                               
Reduced Model             General Model          Chi-sq.     df        Prob. 
------------------------- ------------------------- ---------- --- ------------------------- 
{p(t)=c(t)}                    {p(t),c(t)}                     8.671         5       0.1229 
{p(*),c(*)}                   {p(t)=c(t)}                   40.983        4       <.0001 
{p(*)=c(*)}                  {p(t)=c(t)}                   80.541       5       <.0001 
{p(*),c(*)}                   {p(t),c(t)}                    49.654        9       <.0001 
{p(*)=c(*)}                  {p(t),c(t)}                    89.211      10       <.0001 
{p(*)=c(*)}                  {p(*),c(*)}                  39.558       1       <.0001 
-------------------------------------------------------------------------------------------  
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Table 4. Outcome of closed-population model selection using the AIC framework and 
results of likelihood-ratio tests for data scheme 45-6 under Huggins Model, using POH 
length as covariate. Models are defined by the probability of capture (p) and the 
probability of recapture (c) under time-specific (t), or invariant (*) conditions.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model selection 
-------------------------------------------------------------------------------------------  
                                              Delta    AICc      Model                       
Model                    AICc      AICc   Weight    Likelihood   #Par      Deviance 
-------------------------------------------------------------------------------------------  
{p(t)=c(t)}         146.121     0.00    0.97302    1.0000        6.0000    133.802 
{p(t),c(t)}          153.292     7.17    0.02698     0.0277      11.000      130.269 
{p(*),c(*)}         182.628   36.51   0.00000     0.0000        2.0000    178.583 
{p(*)=c(*)}        216.211   70.09   0.00000     0.0000        1.0000    214.196 
-------------------------------------------------------------------------------------------  
 
 

Likelihood-ratio tests 
----------------------------------------------------------------------------------------------- --- 
Reduced Model       General Model            Chi-sq.         df             Prob. 
------------------------- ------------------------- ---------- --- ------------------------------- 
{p(t)=c(t)}               {p(t),c(t)}                     3.533           5             0.6184 
{p(*),c(*)}               {p(t)=c(t)}                 44.782           4           <.0001 
{p(*)=c(*)}              {p(t)=c(t)}                 80.394           5           <.0001 
{p(*),c(*)}               {p(t),c(t)}                  48.315           9           <.0001 
{p(*)=c(*)}              {p(t),c(t)}                  83.927         10           <.0001 
{p(*)=c(*)}              {p(*),c(*)}                35.612           1           <.0001 
-------------------------------------------------------------------------------------------------- 
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Table 5. Parameters estimates of the best closed-population model {p(t)=c(t)} for data 
scheme 45-6 under Otis Model. Probability of capture (p) is shown for each sampling 
occasion and spawning escapement estimate (N) is shown in the last row of the table. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Parameters estimates of the best closed-population model {p(t)=c(t)} for data 
scheme 45-6 under Huggins Model. Probability of capture (p) is shown for each sampling 
occasion and spawning escapement estimate (N) is shown in the last row of the table. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Real Function Parameters of {p(t)=c(t} 
-------------------------------------------------------------------------------------------------------                                                            
                   95% Confidence Interval 
 Parameter          Estimate               Standard Error      Lower            Upper 
 ------------------------------------------------------------------------------------------------------ 
    1:p                  0.1716773             0.0625710            0.0804534       0.3292961                            
    2:p                  0.2258912             0.0783181            0.1081767       0.4124574                            
    3:p                  0.0000000             0.0000000            0.0000000       0.0000000                       
    4:p                  0.0632495             0.0298725            0.0245178       0.1535368                            
    5:p                  0.0000000             0.0000000            0.0000000       0.0000000                       
    6:p                  0.0090356             0.0093910            0.0011658       0.0664937                            
    7:N                 110.67276             33.061634            70.871222       211.70692   
-----------------------------------------------------------------------------------------------------               

Real Function Parameters of {p(t)=c(t)} 
--------------------------------------------------------------------------------------------------- 
                                                              95% Confidence Interval 
 Parameter              Estimate         Standard Error      Lower           Upper 
 -------------------------------------------------------------------------------------------------- 
    1:p                     0.1666184       0.0610768       0.0778516       0.3213293                            
    2:p                     0.2192347       0.0764937       0.1047031       0.4026978                            
    3:p                     0.0000000       0.0000000       0.0000000       0.0000000                       
    4:p                     0.0613857       0.0290917       0.0237334       0.1496178                            
    5:p                     0.0000000       0.0000000       0.0000000       0.0000000                       
    6:p                     0.0087694       0.0091208       0.0011302       0.0646996                            
    7:N                    114.03304       34.306752       72.488472       218.36578    
--------------------------------------------------------------------------------------------------    
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Table 7. Outcome of open-population model selection using the AIC framework and 
results of likelihood-ratio tests for data scheme 61-5 under POPAN Model. Models are 
defined by the probability of capture (p), the probability of survival (s), and the 
probability of entering the system (b) under time-specific (t), or invariant (*) conditions.  
 (****) indicates the LR test is not applicable between no-nested models. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model selection 
------------------------------------------------------------------------------------------- ----------- 
                                                   Delta    AICc           Model                       
Model                      AICc         AICc     Weight        Likelihood    #Par         Deviance 
------------------------------------------------------------------------------------------------------ 
{p(*),s(t),b(t)}         176.345     0.00       0.78673      1.0000          8.0000      0.000 
{p(t),s(*),b(t}           180.510     4.16      0.09805       0.1246         6.0000      0.000 
{p(t),s(t),b(t)}           180.872    4.53       0.08179      0.1040        11.000        0.000 
{p(*),s(*),b(t)}         182.662    6.32       0.03342      0.0425         5.0000       3.364 
{p(*),s(t),b(*)}      22170.908   21994   0.00000       0.0000         5.0000   21991.611 
{p(*),s(*),b(*}      22186.334   22009    0.00000      0.0000         3.0000   22011.506 
------------------------------------------------------------------------------------------- ----------- 
 
 

Likelihood-ratio tests 
-------------------------------------------------------------------------------------------                                                               
Reduced Model        General Model          Chi-sq.          df          Prob. 
------------------------- ------------------------- ---------- --- ------------------------- 
{p(t),s(*),b(t}           {p(*),s(t),b(t)}            0.000            2        ****** 
{p(*),s(t),b(t)}          {p(t),s(t),b(t)}             0.000            3        ****** 
{p(*),s(*),b(t)}         {p(*),s(t),b(t)}             3.364           3         0.3388 
{p(*),s(t),b(*)}         {p(*),s(t),b(t)}        21991.611        3         <.0001 
{p(*),s(*),b(*}         {p(*),s(t),b(t)}         22011.506       5         <.0001 
{p(t),s(*),b(t}           {p(t),s(t),b(t)}             0.000            5         ****** 
{p(*),s(*),b(t)}         {p(t),s(*),b(t}             3.364            1         0.0666 
{p(*),s(t),b(*)}         {p(t),s(*),b(t}         21991.611        1        <.0001 
{p(*),s(*),b(*}          {p(t),s(*),b(t}        22011.506         3        <.0001 
{p(*),s(*),b(t)}         {p(t),s(t),b(t)}             3.364            6        0.7620 
{p(*),s(t),b(*)}         {p(t),s(t),b(t)}         21991.611        6        <.0001 
{p(*),s(*),b(*}          {p(t),s(t),b(t)}         22011.506       8        <.0001 
{p(*),s(*),b(t)}          {p(*),s(t),b(*)}      -21988.247       0        ****** 
{p(*),s(*),b(*}          {p(*),s(*),b(t)}       22008.142        2        <.0001 
{p(*),s(*),b(*}          {p(*),s(t),b(*)}          19.895           2        <.0001 
-------------------------------------------------------------------------------------------  
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Table 8. Parameters estimates of the best open-population model {p(*),s(t),b(t)} for data 
scheme 61-5 under POPAN Model. Time-invariant capture probability (p), survival and 
entrance probabilities for the four sampling intervals (i.e., five sampling occasions) are 
shown in rows 1 to 9, respectively. The spawning escapement estimate (N) is shown in 
the last row of the table. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Real Function Parameters of {p(*),s(t),b(t)} 
-------------------------------------------------------------------------------------------------------                                                            
                          95% Confidence Interval 
 Parameter          Estimate               Standard Error          Lower            Upper 
 ------------------------------------------------------------------------------------------------------ 
    1:p                  0.6718951            0.0815987                0.4978224       0.8088025                            
    2:s                  1.0000000            0.0000000                1.0000000       1.0000000                            
    3:s                  0.9254430            0.0175663                0.8828511       0.9533677                            
    4:s                  0.9737905            0.0152370                0.9201913       0.9917167                            
    5:s                  0.9195477            0.0382425                0.8058131       0.9692134                            
    6:b                  0.6276583            0.0921445                0.4376747       0.7849877                            
    7:b                  0.0419196            0.0682461                0.0015628       0.5501719                            
    8:b                  0.0000000            0.000166                  0.0000000      0.0003256                      
    9:b                  0.0000000            0.0000149                0.0000000      0.00002927                       
   10:N                72.069128            5.5833455                65.353539       89.143905                            
-----------------------------------------------------------------------------------------------------               
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Appendix A.  Data formatting and encounter histories for mark-recapture analyses a 
 
The preferred format is the encounter history. The encounter history is a contiguous series 
of specific dummy variables, each of which indicates something concerning the encounter of that 
individual - for example, whether or not it was encountered on a particular occasion, how it was 
encountered, where it was encountered, and so forth. The particular encounter history will reflect the 
underlying model type you are working with (e.g., recaptures of live individuals, recoveries of dead 
individuals). Consider for example, the encounter history for a typical mark-recapture analysis (the 
encounter history for a mark-recapture analysis is often referred to as a capture history, since it implies 
physical capture of the individual). In most cases, the encounter history consists of a contiguous 
series of “1"s and “0"s, where “1" indicates that an animal was recaptured (or otherwise known to 
be alive and in the sampling area), and “0" indicates the animal was not recaptured (or otherwise 
seen). Suppose that August 15th t is the first day of the study, and that August 27th is the last day of the 
study under a daily sampling schedule. If an individual was captured and marked during the first day of the 
study, was seen periodically until August 24th, when it was seen for the last time. The corresponding 
encounter-history for this individual would be: 1011000001000. In other words, the individual was seen in 
August 15th (the starting “1"), not seen in August 16th (“0"), seen in August 17th and 18th (“11"), not seen for 
the next 5 days (“00000"), seen again in August 24th (“1"), and then not seen again (“000"). 
 
 Superficially, the encounter histories file is structurally quite simple. It consists of an ASCII (text) 
file, consisting of the encounter history itself (the contiguous string of dummy variables), followed 
by one or more additional columns of information pertaining to that history. Each record (i.e., each 
line) in the encounter histories file ends with a semi-colon. Consider the next table: 
 

 

Enclosed with /* and */ you can place any comment or additional information. In the above table each 
encounter history is followed by a number. This number is the frequency of all individuals having a 
particular encounter history. This is not required (and in fact isn’t what you want to do if you’re going to 
consider individual covariates - more on that later), but is often more convenient for large data sets. For 
example, the summary encounter history 110000101 4; could also be as: 
 
110000101 1; 
110000101 1; 
110000101 1; 
110000101 1; 
 
Note again that each line - each ‘encounter history record’ ends in a semi-colon. How would you 
handle multiple groups? For example, suppose you were interested in males and females? In fact, 
it is relatively straightforward to format the data for multiple groups - very easy for summary 
encounter histories, a bit less so for individual encounter histories. In the case of summary encounter 
histories, you simply add a second column of frequencies to the encounter histories to correspond to 
the other sex. For example, 
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110100111 23 17; 
110000101 4 2; 
101100011 1 3; 
 
In other words, 23 of one sex and 17 of the other have history “110100111" (the ordering of the 
sexes - which column of frequencies corresponds to which sex - is entirely up to you). If you are using 
individual records, rather than summary frequencies, you need to indicate group association in a slightly 
less-obvious way - you will have to use a ‘0’ or ‘1’ within a group column to indicate the frequency - but 
obviously for one group only. Let’s demonstrate the idea here. Suppose we had the following summary 
history, with frequencies for males and females (respectively): 
 
110000101 4 2; 
 
In other words, 4 males, and 2 females with this encounter history (note: the fact that males come 
before females in this example is completely arbitrary. You can put whichever sex - or ‘group’ - you 
want in any column you want - all you’ll need to do is remember which columns in the file 
correspond to which groups). To ‘code’ individual encounter histories, the text file would be modified 
to look like: 
 
110000101 1 0; 
110000101 1 0; 
110000101 1 0; 
110000101 1 0; 
110000101 0 1; 
110000101 0 1; 
 
In this example, the coding ‘1 0’ indicates that the individual is a male (frequency of 1 in the male 
column, frequency of 0 in the female column), and ‘0 1’ indicates the individual is a female (frequency 
of 0 in the male column, and frequency of 1 in the male column). The use of one-record per individual 
is only necessary if you’re planning on using individual covariates in your analysis. Therefore, for the kind 
of analyses we are planning to conduct, it would be preferable the frequencies format. 
 
 In the preceding example, we had 2 groups: males and females. The frequency of encounters for 
each sex is coded by adding the frequency for each sex to the right of the encounter history. 
But, what if you had something like males, and females (i.e., data from both sexes) and good colony and 
poor colony (i.e., data were sampled for both sexes from each of 2 different colonies – one classified as 
good, and the other as poor). How do you handle this in the text file? Well, all you need to do is have a 
frequency column for each (sex. colony) combination: one frequency column for females from the good 
colony, one frequency column for females from the poor colony, one frequency column for males from the 
good colony, and finally, one frequency column for males from the poor colony. An example of such a file 
is shown below: 
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This is a format that we could use to stratify by sex and reach or river segment. 
 

 Occasionally, you may choose to remove individuals from the data set at a particular occasion. For 
example, because your experiment requires you to remove the individual after its first recapture, or because 
it is injured, or for some other reason. The standard encounter history we have looked at so far records 
presence or absence only. How do we accommodate “removals (e.g., mortalities)" in the text file? 
Actually, it is very easy - all you do is change the “sign" on the frequencies from positive to negative. 
Negative frequencies indicates that that many individuals with a given encounter history were removed 
from the study. For example, 
 
100100 1500 1678; 
100100 -23   -25; 
 
In this example, we have 2 groups, and 6 occasions. In the first record, we see that there were 1500 
individuals and 1678 individuals in each group marked on the first occasion, not encountered on the 
next 2 occasions, seen on the fourth occasion, and not seen again. In the second line, we see the same 
encounter history, but with the frequencies “-23" and “-25". The negative values indicates that 23 and 25 
individuals in both groups were marked on the first occasion, not seen on the next 2 occasions, were 
encountered on the fourth occasion, at which time they were removed from the study. Clearly, if they were 
removed, they cannot have been seen again. 
 
Finally, the time intervals between sampling occasions do not necessarily have to be the same, but this is an 
attribute that is not included in the encounter history per se but in the text file as a comment using /* */. For 
example, 
 
/* Estimating salmon numbers returning to spawn in Chase River 1989 */ 

/* These are the male salmon with two groups. */ 

/* Group1 = adults . group2=jacks */ 

/* Survey conducted over 10 weeks. Weeks 1 & 2 pooled. weeks 9 & 10 pooled */ 

 

The time intervals between sampling events is used latter on during the parameterization of the model. 
 

 
a Partly extracted from: Cooch, E., and White G. (Eds). Program MARK: a gentle introduction. 8th Edition.  
       http://www.cnr.colostate.edu/∼gwhite/mark/mark.htm.  
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Appendix F. Glossary of terms used in the outcome of the closure test. 
 
Chi-square statistic - This is equivalent to in Stanley and Burnham (1999), and is the test statistic for the 
overall closure test presented in that paper. Extreme values of this statistic result in low p-values, and 
suggests the population is not closed. 

M_t - This is equivalent to Mt in Otis et al. (1978), and represents the closed-population capture-recapture 
model allowing for time variation in capture probabilities. 

M_t vs NM - This component test evaluates whether there is evidence of additions to the population. It tests 
the fit of the closed-population model Mt (H0: Mt) against the No-mortality model (Ha: NM) as a specific 
alternative. 

M_t vs NR - This component test evaluates whether there is evidence of losses from the population. It tests 
the fit of the closed-population model Mt (H0: Mt) against the No-recruitment model (Ha: NR) as a specific 
alternative.  

NM vs JS - This component test evaluates whether there is evidence of losses from the population. It tests 
the fit of the No-mortality model (H0: NM) against the Jolly-Seber model (Ha: JS) as a specific alternative.  

NR vs JS - This component test evaluates whether there is evidence of additions to the population. It tests 
the fit of the No-recruitment model (H0: NR) against the Jolly-Seber model (Ha: JS) as a specific 
alternative. 

z-value - The computed value of the closure test statistic described in Otis, et al. (1978). Extreme values of 
this statistic result in low p-values, and suggests the population is not closed. 

 
 
 
 




