
   
 

1 
 

 

 

 

 

Estimates of the 2009 abundance and composition of the Chinook 

salmon (Oncorhynchus tschawytscha) return to the Burman River on the 

West Coast of Vancouver Island. 

 

 

 

 

Prepared for: 

Pacific Salmon Commission 

Sentinel Stocks Program 
600-1155 Robson Street 

Vancouver, B.C. V6E 1B5 

 

 

 

 

 

Prepared by: 

 

Roger Dunlop and Sabrina Crowley 

Uu-a-thluk/ Nuu-chah-nulth Fisheries Program 

Nuu-chah-nulth Tribal Council 

P.O. Box 1383 

Port Alberni, B.C., V9Y 7M2 

 

August 31,  2011 



   
 

2 
 

ABSTRACT 
 

A Petersen mark-recapture experiment with carcass recoveries was conducted at 

the Burman River on the west coast of Vancouver Island in the autumn of 2009 to 

estimate the spawning escapement of age-3 and older Chinook salmon (Oncorhynchus 

tschawytscha). Secondary objectives included comparing this result with the area-

under-the- curve (AUCindex) estimate employed since 1995 and an open-population 

estimation approach. In addition, sex, age, size and origin group proportions were 

reported.  Stratified Petersen estimates for females were 652 (Standard Error (SE) = 

127.6, Coefficient of Variation (CV) = 19.6%) and 1026 (SE = 290.5, CV = 28.3%) for age-3 

and older males that summed. The unstratified estimate was 1677 adults (SE = 285.0, CV 

= 17%),  3.1% greater than the pooled bootstrap estimate of 1626 (95% confidence 

interval (CI) of 1,110 - 2,537).   Including hatchery brood removed the estimated adult 

return to 1859 adults (S.E. = 285.0, C.V. = 17.0%).  The AUCindex estimate was 1801 adults 

including brood removals and was close to the Petersen estimate, yielding a calibration 

factor of 1.03. A variant of the Jolly-Seber open population formulation estimate based 

on the concept of a superpopulation (Schwartz and Arnason 1996) was generated using 

the POPAN (Population Analysis) mark-recapture analytical approach in program MARK. 

The required encounter histories were constructed from capture data from a lower river 

staging area while marking fish for the Petersen estimate.  The POPAN estimate was 

similar to the Petersen estimate but exceeded the program precision standard. The best 

open-population model {Φ(gt) P(g*) β(gt)} had 99.5 % of the AIC model selection 

weight. The estimated abundances were 773 females (SE = 151.0, CV = 19.6%, 95% CI = 

469 – 1069) and 1102 adult males (SE= 171.0, CV = 15.5%, 95% CI = 767 - 1438) that 

summed to 1875 (SE = 228.17, CV = 12%) or 16 adults (0.86 %) greater than the Petersen 

estimate + hatchery removals.  Goodness of fit tests suggested near violation of the 

equal catchability assumption among several male cohorts. The ratio of males to 

females was 1.43: 1.00. Age composition of the escapement was 0.323 age-3, 0.317 age-

4 (ocean type), 0.007 age- 4.1 (stream type), 0.333 age-5, and 0.023 age-6 fish (n=561). 

Naturally spawned Chinook comprised 7.07% (SE = 1.53) of the population, 63.9% (SE = 

2.86) originated from the Burman River hatchery program, and remaining 28.9% (SE = 

2.70) had strayed to the river from other local hatcheries.  Increased marking and 

carcass survey effort in future experiments is recommended to reduce  gender bias 

issues in carcass surveys and improve the precision of future Petersen estimates.  The 

open-population method and migration staging area sampling approach provided an 

additional means of estimating abundance and validated the closed population estimate 

without additional sampling costs.  
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INTRODUCTION 
 

 Chapter 3 of the 2009 Pacific Salmon Treaty established a five-year Sentinel 

Stocks Program (SSP) to improve escapement estimates of selected Chinook Salmon 

(Oncorhynchus tschawytscha) indicator stocks in the northern Oregon coast, Puget 

Sound, the Fraser River, west coast of Vancouver Island (WCVI), and northern British 

Columbia. SSP projects were to meet data standards developed by the Joint Chinook 

Technical Committee.    

Chinook Salmon are produced in 27 main streams of the WCVI. For Pacific 

Salmon Commission management purposes, the spawning escapements of the 

aggregate are represented by an index composed of the summed estimated 

escapements of a six-stream subset of the main rivers: the Marble (Area 27), Tahsish, 

Artlish, Kaouk (Area 26), Tahsis, and Burman rivers (Area 25). A second 14-stream index 

calculated each year for the area includes the summed escapements of the following 

eight additional streams: Colonial/Cayegle (Area 27), Leiner (Area 25), Megin, 

Bedwell/Ursus, Moyeha (Area 24), Sarita, Nahmint (Area 23), and San Juan Rivers (Area 

21). Holtby and Ciruna (2007) identified four Chinook conservation units on the WCVI 

among 68 units in British Columbia based on genetic and ecotypic characteristics as per 

the Canadian Wild Salmon Policy (DFO 2005). Burman River Chinook in Nootka Sound 

belong to the Nootka-Kyuquot Chinook conservation unit.  

Accuracy of the escapement time series for the Burman River, and most other 

WCVI Chinook streams, are largely unknown.  Since 1995, weekly snorkel surveys during 

the spawning period have been used by Fisheries and Oceans Canada (CDFO) to develop 

area-under-the-curve index (AUC index) estimates based on five or six swim survey counts 

of live fish over consistent counting reaches.  The survey life values typically applied are 

assumed values. Swim survey data including the abundance of new fish, the condition of 

fish, and rate of die-off are recorded and used to estimate a minimum and maximum 

value for survey life. The average of the two values is then used as the annual survey life 

estimate.  Observer efficiencies are not routinely measured. 

This program was intended to estimate the >age-3 spawning population of 

Chinook Salmon by mark-recapture experiment and to document other important 

biological attributes of the spawning population including age, size, gender and origin 

composition to data standards developed for the program.   The estimate obtained by 

mark-recapture is compared herein with the normal annual AUCindex estimate to begin 

to develop an expansion factor between the AUC index and mark-recapture estimates.  
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The objectives of this study in the Burman River were to estimate the 

escapement of age-3  and older Chinook salmon to the data standard (CV of <15%, on 

average) using: 1) a closed population Petersen mark-recapture experiment with 

carcasses;  2) an open population estimate with POPAN (Population Analysis; Schwartz 

and Arnason 1996), a Jolly-Seber formulation, as implemented in Program MARK (White 

and Burnham 1999) using lower river staging area encounter history data (3) compare 

the mark-recapture estimates with the an AUCindex estimate of escapement provided by 

CDFO and, (4) estimate the proportions of the escapement by age, sex, size and origin 

(hatchery and wild) with statistics for each major age/sex group within 5 percentage 

points 95% of the time.  

 

STUDY AREA 

 

The Burman River is located on the central west coast of the Vancouver Island, 

British Columbia, Canada (Figure 1).   The river originates in the Vancouver Island Range 

in Strathcona Provincial Park. The river is a 5th order stream that drains an area of 

244.16 km2. There are no barriers to salmon migration on the 5th order stream reach.  

Elevations range up to 2195 m ASL. Glaciers occur on six surrounding mountains.  Two 

lakes > 1 km2 occur above 990 m elevation and 18 smaller lakes occur at elevations 

generally above 900 m. The watershed occurs in the Coastal Western Hemlock and 

Mountain Hemlock biogeoclimatic zones. Annual precipitation averages over 2.5 m. The 

river discharges to Matchlee Inlet and Muchalat Inlet in Nootka Sound  

The Karmutsen formation composed of basalt, aquagene tuff, and breccia 

underlies the upper watershed.  Granite, granodiorite and quartz diorite from the Island 

Intrusion dominate the underlying geology of the lower river (Muller 1975) where 

salmon spawning occurs.  The riverbed is alluvial downstream of river kilometer (RKM) 

13.0.  The channel is occasionally confined. A large rock slide from Mount Matchlee at 

RKM 8.5 is a significant channel feature.  Above this point the stream has a slope of 2-

2.5 % and little spawning occurs in this reach. Downstream the channel gradient is <1% 

and suitable for spawning.  Gravels and cobbles dominate the stream substrate except 

where the channel contacts the valley walls and bedrock or colluvium is exposed. 

The length of the main river channel is 31.3 km. Anadromous fish access is 

limited by bedrock cascades at river kilometer (RKM) 13.0 with the exception of summer 

steelhead (O. mykiss) that ascend to RKM 16.3.  Chinook, coho (O. kisutch), ocean-type 
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sockeye (O. nerka), pink (O. gorbuscha) and chum (O. keta) salmon generally are 

observed to RKM 8.5 (FHIIP 1990) but occasionally occur further upstream.  

Much of the floodplain and parts of the lower valley slopes were logged during 

the 1950s and 1960s.  The BC Ministry of Forests reconstructed an access road for 

further logging in 2008 and 2009 allowing vehicle access from the barge landing.  

Chinook salmon in the Burman River and on the WCVI in general are ocean-type 

fall Chinook.  Maturing adults typically begin to arrive in inside waters around July 15th.  

Although occasional early freshets in August stimulate Chinook to move upstream, most 

stage  or “hold” in the lower river area and estuary until the higher flows of late 

September and October stimulate upstream movements and spawning.  Migration into 

the river is generally complete by mid-October.  Spawning and die-off occurs by late 

October or early November.  Natural production is augmented by a hatchery program. 

From the mid-1970’s through 2002 approximately 400,000 – 500,000 fry were released 

each year directly to the river.  Fed-fry releases to the river were replaced with sea-pen 

rearing for the 2003 brood year to improve survivals of hatchery fish.   

Steelhead trout (Oncorhynchus mykiss), resident and sea-run cutthroat Trout (O. 

clarki), stream-type sockeye (O. nerka), chum (O. keta), coho (O. kisutch) and pink 

salmon (O. gorbuscha), Dolly Varden (Salvelinus malma), and sculpins (Cottus spp.) also 

use the drainage. 

 

METHODS 

 

MARKING AND SAMPLING 

 

Previous telemetry studies on the Burman River (Dunlop 2007; Taylor and 
Dunlop 2008) indicated the population was closed in those years. Live fish were 
captured and marked in the lower river as they staged above the estuary (Section 0) and 
in the river (Sections 1-15) where carcasses recovery and sampling occurred (Figure 2). 
Chinook collected for hatchery propagation were sampled to measure the number of 
marked and unmarked fish removed and collect additional biological samples. We also 
attempted to estimate the abundance of age-2 males and their origin.   
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In the lower river, near the upper limits of tidal influence (Section 0), we 
captured, marked, and recovered Chinook two days per week with a beach seine 
between September 15 and October 28, 2009. Sampling was limited to three beach-
seine sets per day in an effort to keep sampling effort approximately constant each 
week over the sampling period.  During the study 212 > age -3 males and 163 females 
and 65 jacks were marked.  The beach seine was deployed from a 16 foot aluminum skiff 
powered by a 40 HP outboard with a jet drive. The net was 90.8 m (50 fathoms) long 
composed of 210/48 75 mm mesh black knotless webbing 200 meshes deep with an 11 
mm diameter cork line and a 375 gm/m lead line. Hatchery enhancement samples were 
collected in the same location on September 22, and 27, 2009.  We were unable to mark 
every fish released during the hatchery collections.  

Similarly we captured, marked and recovered marked fish with a smaller beach 
seine and a tangle net for two-days per week over the 7.5 km low gradient section of 
the river proper (‘river’) utilized by Chinook from September 23 to October 28.  The nets 
used in the river were deployed from a 16’ AIRE cataraft.  The beach seine used in the 
river was 45.4 m (25 fathoms) long composed of the same mesh as the lower river net 
but was 100 meshes deep with 11 mm diameter line and has a 250 gm/m lead line.  The 
tangle net used in the river was 15 m long composed of 75 mm monofilament mesh 
with an 11 mm diameter cork line and a 250 gm/m lead line. 

Chinook carcasses were collected along the river channel, banks, and bars over 
the 7.5 km of Chinook-bearing river sections on twelve occasions between September 
23, 2009 and October 28, 2009.    

Captive fish were held in the river in a knotless web cradle or knotless web dip 
net for examination and marking.  Chinook captured for the first time were assigned to a 
gender based on visual characteristics (mouth size and terminus in relation to the eye, 
size of caudal peduncle and adipose fin, and abdomen size) and examined for fin clips by 
two observers. Each fish was marked with two individually numbered #3 Kurl-lock 
aluminum tags (Ketchum Manufacturing Inc., Brockville, Ontario, Canada K6V 7N5) 
attached to opposing opercula.  A secondary mutilation mark was punched with a paper 
punch to assess tag loss.  The location of this mark varied by gender and capture 
location.   Post-orbital hypural (POH) length was measured to the nearest 5 mm. All 
lengths described hereafter are POH lengths.  Males < 500 mm were classified in the 
field as age-2 precocious males or ‘jacks’. Five scales were removed from the preferred 
area (Welander, 1940) of a subsample of fish and mounted in gummed booklets for 
subsequent cellulose acetate pressing (Clutter and Whitesel, 1956), magnification, and 
ageing at the Pacific Biological Station, Nanaimo, British Columbia.  Origins were 
determined by examining the saggitae for the presence of hatchery-specific thermal 
mark codes. Otoliths were collected by dissecting saggitae from fish collected for 
hatchery propagation and from carcasses.  Marked carcasses were further dissected to 
verify the original visual gender determination and egg retention.  When marked fish 
were recovered the individual Kurl-lock tag number(s) were recorded to permit the 
construction of encounter histories.  Fish missing tags were identified by the presence of 
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a secondary mark.  All live fish were released near their capture location immediately 
after sampling to minimize handling stress.  

An estimate of the daily average stream discharge (cms) during the study period 
was obtained by adjusting the average daily discharges recorded at the adjacent Gold 
River Water Survey of Canada gauge 08HC001 by the watershed area of the Burman 
River (Figure 3).  

ABUNDANCE 

 

 Abundance was estimated with two methods using different data sets obtained 
during sampling in 2009 for comparison with the normative snorkel survey AUCindex 
result provided by DFO.  A  Petersen estimate was derived from carcass data under the 
assumption the population was closed.  A variant of the Jolly-Seber formulation that 
assumes the population is open and allows for losses and additions was derived from 
the lower river staging area live capture and recapture data using POPAN (Population 
Analysis; Swartz and Arnason (1996).  These methods and associated analysis methods 
are described as well as the normative methods CDFO employed to estimate the 
AUCindex method based on periodic snorkel surveys. 

 

PETERSEN ESTIMATE 

Population size from the carcass surveys was estimated with Chapman’s (1951) 

approximately unbiased version (Seber 1982) of the Petersen estimator:  

    

        

N̂  =  (n1  + 1 ) (n2 + 1)      -  1       (1)  

        (m2 + 1)  

    

 

where n1 represents the number of animals marked, n2 is the total number of fish 

recovered of which m2  are marked. 

 

The variance of the population size was estimated as: 

                    

   Var ( )  = (n1  + 1) (n2  +  1)( n1 – m2)(n2 – m2)    (2) 

    (m2 + 1)2(m + 2) 

 

N̂
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The 2-event Petersen method requires the following assumptions to be met: (a) 

The population is closed, so that N is constant (i.e., both additions (immigration and 

births) and deletions (death and emigration) do not occur during the study); (b) all fish 

have the same chance of being captured and marked in the first event, or every animal 

has an equal probability of being captured in the second event , or marked fish mix 

completely with unmarked animals; (c) tagging and handling does not affect catchability 

and survival of an individual; (d) the second sample is a simple random sample, i.e. each 

of the possible samples has an equal chance of selection; I fish  do not lose their marks 

between the first and second sample;  (f) all marked fish recovered are reported and 

none overlooked; and, (g) double sampling does not occur.  

We assumed assumption (a) held as recent radio-tagging of Burman River 

Chinook (Dunlop 2007; Taylor and Dunlop 2008; Dunlop unpublished data) indicated a 

closed population as no permanent movement of tagged fish to other nearby spawning 

river locations had been detected. One of 18 radio-tagged fish exited the lower river in 

2008 but returned several weeks later having exhibited the delay or sulking behaviour 

described by Bernard et al. (1999). We attempted to satisfy assumption (b) by fishing 

the same gear with similar sampling effort in each area to ensure marks were applied 

proportionally to the number of fish entering the river over time.   This assumption 

requires sampling not be size or gender-selective.  If capture was not size selective, the 

size distributions of fish captured in each area/state would be equal.  Lack of size 

selectivity would also suggest age distributions were similar. Similarly, fish of either sex 

would be captured at rates equal to the proportions at which they were marked if 

sampling was not gender-selective.  Kolmogorov-Smirnov (K-S) 2-sample tests (α = 0.05) 

were used to test for the absence of size-selective sampling by comparing the frequency 

distributions of the sizes of Chinook marked with those captured and those with marks 

recovered in each sample type.  Contingency tables were used to test the assumption of 

proportional marking.  We assumed that both marked and unmarked fish experienced 

the same natural mortality rate.  All fish were double tagged with uniquely numbered 

tags and received a location specific secondary mutilation mark (operculum in lower 

river or caudal in river) to estimate tag loss for each sampling area. Fish were inspected 

for marks and fin-clips by two examiners to satisfy assumption I.  Double sampling of 

carcasses (assumption g) was avoided by cutting carcasses in half after sampling. 

To assess statistical bias in the Petersen estimates, the sample data for each 

sampling occasion and group was randomly resampled with replacement 1000 times 

with an Excel spreadsheet to derive a mean bootstrap population estimate and 95% 

confidence intervals. Statistical bias was estimated as the deviation between the 

Petersen estimates and the bootstrap means. Confidence intervals were the 25th and 
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975th population estimates of the ordered bootstrap samples. Departures of the 

bootstrap distributions from normality, skewedness and kurtosis were assessed with the 

Anderson Darling (1952) goodness of fit software 

(http://www.qimacros.com/qiwizard/data-normality-test.html).  

 

AREA-UNDER-THE-CURVE ESTIMATION 

 

The normal escapement estimation procedure in the WCVI Chinook spawning 

streams is the area-under-the-curve index (AUCindex)  method, in which periodic visual 

surveys of salmon are plotted over time, adjusted for expected observer efficiency, and 

the resulting area bounded by the curve is divided by an estimate of survey life to form 

an estimate of escapement (English et al. 1992; Irvine et al. 1992).   The area under the 

curve plotted from these estimates was calculated using the trapezoidal approximation:  

             n 
  AÛC = 0.5* ∑ (ti – ti – 1)*(pi + pi – 1)        (3) 

           i = 2 

where ti is the time of sampling measured from the day that fish entered the 

system, pi is the count of live fish in the system on swim i and n is the number of 

observations + 2.   

Escapement was calculated by division of AUC by a survey life chosen to be 15 days in 

2009.  

 

  =   AÛC                            (4)  

                                  Ŝ                           

where Ŝ is the survey life estimate or period the fish were available to be counted in the 

river counting sections. Survey life should not be confused with residence time which, 

on the Burman River, includes Ŝ plus the length of time fish hold downstream in the 

lower river staging area where tidal influence affects visibility and fish in this the area 

cannot be consistently counted. The estimate provided by DFO included 182 adult 

Chinook (73 female and 109 adult males) removed by the hatchery and single tagging 

mortality. 

 
  ˆ   

AUCindex
N

http://www.qimacros.com/qiwizard/data-normality-test.html
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CALIBRATION OF AUC ESCAPEMENT 

 

The AUCindex escapement estimate was compared to the Petersen estimate to 

determine the calibration or correction factor for 2009 using:  

 Calibration factor         =                 (5)     

 

where NM – R is the mark –recapture estimate of population size and NAUCindex is the AUC 

population estimate. 
  

AGE, SEX, ORIGIN AND TAG LOSS PROPORTIONS 

WE ESTIMATED THE SAMPLE SIZE REQUIRED TO DETECT A 5% CHANGE IN THE PROPORTION OF 

THE MOST ABUNDANT AGE CLASS BETWEEN YEARS 95% OF THE TIME, USING AN AGE SAMPLE 

COLLECTED IN 2007 (AGE-4 P = 0.41, N = 100) WITH THE FOLLOWING FORMULA (ZARR 1984):   

 

                   (6) 

 

The resulting target for age samples was 380 effective samples. We increased 

the sample size further to compensate for potential unreadable samples, damaged and 

regenerated scales.  

Origins were determined by examining otoliths under a microscope after 

grinding to identify fish with hatchery specific thermal mark codes induced by regulating 

hatchery water temperatures.  Samples were assigned to specific hatcheries or natural 

origin based on the presence or absence of facility identifying thermal marks in the 

saggitae. 

   

The required sample size for estimating origins obtained from thermally marked 

otoliths was 283 samples based on the 2007 otolith sample proportions (natural p = 
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0.45, n = 77) which was higher than we were likely to achieve with non-destructive 

sampling. 

  Power to discriminate changes in age and origin composition in future samples 

was estimated using the normal approximation (Zarr 1984) where: 

 

power = P   
        –             

  

 +  

P   
        –             

  

 

 

, where     = , 

 
    q1 = 1 – p1, 
 
 
    q2  = 1 – p2,     and  
 
 
       =  1  -   
 
 

The proportions of males and females at age and by origin (wild, hatchery and 
hatchery strays) and tag loss were estimated as follows: 
 

where   = the estimated proportion of males, females or origin by age 

_ 

 

                _    = the number of males, females, or origin by age i 
    _     = the total number of males, females or origin samples 
    _        = the age (2, 3, 4, 5, 6)   
 
with the formula: 
 

 

  _                   (8)     
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 and the variance is estimated with:  

    
   

       (9)  

  

  

  

The abundance of females, males, of age, and origin in the population were estimated 

with: 

     

  _      (10) 

 

Where _ is the mark – recapture estimate and the combined variances were 

estimated with: 

 

          

       (11) 

 

The proportion of tags lost during the study was estimated as above.  

 

 

CAPTURE AND HANDLING STRESS 

 

Capture and handling stress were to be assessed by using chi-squared testing to 
test for differential egg retention associated with handling stress. Both marked female 
carcasses and unmarked female carcasses were dissected to estimate and categorize 
egg retention rates (< 10%, 25%, 50%, 75% and 100%) as a measure of spawning 
success.   
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 The second population estimate was derived using the open population 
estimation procedures of POPAN (Population Analysis; Swartz and Arnason 1996) in 
Program MARK (White and Burnham 1999).  Chinook typically stage in the lower 
Burman River before migrating upstream to spawn.  The assumptions of closed models 
such as the Petersen method do not allow for gains (incursions of unmarked fish) or 
losses (emigration upstream or pre-spawning mortality) during the sampling period 
permitted by open models. The method has been used to estimate spawning of coho 
salmon (O. kisutch) abundance in the Chase River at Nanaimo, British Columbia (Schwarz 
et al. 1993; Schwarz and Arnason 1996) with sampling occurring over the entire river. 
The approach has been recently used to estimate Chinook salmon escapement at the 
Atnarko River (Vélez-Espino et al. 2010) and Kaouk River (Saraga et al. 2011). The 
method has been recommended for estimating the abundance of migrating birds 
transiting a staging area (Nichols and Kaiser 1999), a situation analogous to Chinook 
salmon staging and migration in the lower Burman River. Here, we estimate the number 
of fish transiting a pool at the upper level of tidal influence over the course of the run. 

 
The appropriate assumptions for POPAN are those of the Cormack-Jolly-Seber 

model:  

1. Every marked animal present in the study area at time (i) has the same 
probability of recapture (p i) 

2. Every marked animal in the population immediately after time (i) has the same 
probability of surviving to time (i +1) 

3. Marks are not lost or overlooked 
4. All samples are instantaneous relative to the interval between occasions (i) and (i 

+ 1) 

 
The method employs maximum likelihood estimation applied to the encounter 

histories of each fish at each sampling occasion that are encoded using a sequence of 
ones and zeros with ones representing an encounter and zeros indicating the fish was 
not encountered during a specific sampling event.  The probabilities of capture, 
contingent on presence in the sampling area, and apparent survival between sampling 
events are modeled from the set of encounter histories to estimate the survival and 
capture probabilities of a group of sequentially marked animals over all sampling 
occasions. POPAN estimates abundance and recruitment whereas other CJS 
formulations do not estimate abundance. The statistics, parameters and functions 
employed are summarized in Table 1. Data are usually tested for closure and fit to the 
starting model to be examined. The best fit group of models may be ranked using 
‘another information criterion’ (AIC)(Burnham and Anderson 2002) commonly read as 
‘Akaike’s information criterion’ or with likelihood ratio tests among nested models. 
Population estimates may be derived from either the single best fit model or a weighted 
average (Burnham and Anderson 2002) of the best fit set of models. Over or under 
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dispersion of the data is assessed by estimating Ĉ, the variance inflation factor which is 
obtained as the model χ2/ df and should be close to 1.0. Values < 1.0 indicate under 
dispersion while values >1.0 indicate over dispersion. If Ĉ > 1.0, features in Program 
MARK allows adjustment and examination of the effect on estimates. For a complete 
description of Program MARK and POPAN see “A gentle introduction to Program MARK” 
at http://www.phidot.org/software/mark/docs/book/.  

Two different encounter history data schemes were required for population 
estimation and assumption testing.  Goodness-of-fit tests for assumptions do not permit 
the inclusion of losses on capture or negative encounter histories.  The first sets 
designated “Burman 2009A” included all encounters from the lower river whether live, 
dead or a hatchery removal and was used for population estimation.  The second data 
sets designated “Burman 2009B” were identical except they did not include negative 
encounters (indicating losses) to permit testing for additions and losses and alternate 
models using the tests of Stanley and Burnham (1999) and Otis et al. (1978) performed 

with the software Close Test (Stanley and Richards 2005) (http://www.mesc.usgs.gov/ 

Products/Software/clostest/).  

The following link functions were used to estimate parameters in POPAN (Swartz 
et al. 1993). The sin link function was used for apparent survival (Φ) and capture 
probability (P) estimation.  Probabilities of entry (or recruitment, β)) within groups or 
overall, were constrained to sum to one with the multinomial logit link function 
((Mlogit(1) in MARK). The log link function was used for the abundance estimates. The 
intervals between lower river sampling occasions were 1, 1, 4, 1, 5, 4.5, 8.5, 1.5 and 1.5 
days. Pooling in the later period was required due to the sparse encounters in October. 

We anticipated group effects between male and female entry and capture 
probabilities and apparent survivals. Two models were rejected although they had the 
highest AIC weights due to confounding effects in the first and last samples: the fully 
group (g) and time-variant (t) model {Φ (g t) P (g t) β (g t)} and the nested model with 
survival within a group held constant {Φ (g) P (g t) β (g t)}.  Although these two models 
had good fit, estimation of recruitment β (P of entry) and abundance during the full 
study period with these models requires survival estimates for the first and last intervals 
and time-variant recruitment (β) (Amstrup et al. 2005). Models with fully time-variant 
capture probability produce confounded first and last estimates of survival and capture 
P and therefore cannot be used to estimate entry and abundance. Survival estimates for 
the first and last intervals are obtained by constraining capture P to less than full time-
variability.   

 

 

http://www.phidot.org/software/mark/docs/book/
http://www.mesc.usgs.gov/%20Products/Software/clostest/
http://www.mesc.usgs.gov/%20Products/Software/clostest/
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CLOSURE TESTS 

Tests for closure were performed on the lower river data for the open 
population estimate using the Otis et al. (1978) and Stanley and Burnham (1999) tests in 
Close Test (Stanley and Richards 2005) Version 3. The Stanley and Burnham (1999) test 
was developed under a null model and allows for time-specific variation in capture 
probabilities under closure. The Otis et al. (1978) test was developed under a null model 
allowing for heterogeneity in capture probabilities under closure (Stanley and Richards 
2005). The software tests the fit of the closed-population model Mt (H0: Mt) against the 
No-mortality model (Ha: NM) and against the No-recruitment model (Ha: NR) as specific 
alternatives. It also tests the fit of the No-mortality (H0: NM) and the No-recruitment 
models (H0: NR) against the Jolly-Seber model (Ha: JS) as a specific alternative.  

 

 CJS ASSUMPTIONS 

 

Goodness of fit tests in RELEASE (Burnham et al. 1987) were used to assess the 
assumptions of constant catchability and apparent survival. We assumed that marks 
were not lost or missed (we double checked all fish for marks) and that our sampling 
was instantaneous relative to the intervals between sampling occasions at the lower 
river. We did lose a few brittle tags applied at the first sampling event. The few fish that 
were encountered with lost tags were refitted with new tags.  We were unable to mark 
all fish released during hatchery brood capture operations due the large number of fish 
captured. We assumed those fish were treated as new entrants at the next occasion.  
This may have biased the estimates. Hatchery brood removals were treated as losses on 
capture, and are accommodated in POPAN by assigning a “-“ sign to the capture history.  
The single carcass recovered at the lower river site was not considered as only live 
encounters with losses on capture are permitted in POPAN.  

RELEASE implemented in Program MARK was used to test goodness-of-fit of the 
lower river encounter data to the fully time-dependent Cormack-Jolly-Seber (CJS) model 
of Lebreton et al. (1992).  RELEASE contains three tests: Test 1 tests for overall 
homogeneity of survival and recapture rates between groups.  Test 2 deals with capture 
heterogeneity and tests for violation of the assumption that each marked animal 
present in the population has the same probability of recapture. Test 3 deals with 
survival heterogeneity and tests for violation of the assumption that every marked 
animal in the population immediately after time (i) has the same probability of surviving 
to time (ti + 1).  A variance inflation factor, Ĉ, was calculated by RELEASE using a 
contingency table approach as the sum of the overall χ2 scores from Test 2 and Test 3, 
divided by the summed degrees of freedom from the same tests.  
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STREAM FLOW   

 

Stream flow was relatively low and consistent over the sampling period and 
generally between 3 -5 cms (Figure 10) during the capture occasions. Discharge 
increased up to 42 cms on September 19, when a large number of fish moved upstream 
prior to the peak visual observation for the AUC index, and on October 16, and reached 58 
cms in late October. Sampling during high discharge events was avoided and resumed 
immediately flow subsided to near normal levels. 

 

RESULTS PETERSEN ABUNDANCE ESTIMATE 

The total number of adult Chinook marked at the lower river staging area tagging 
site, during hatchery collections, and live in the river and available for recovery in the 
carcass survey after accounting for removals and known losses of marked fish are 
presented in Table 2.  One hundred and sixty nine females and 212 adult males were 
tagged at the lower river site during routine marking operations. Fourteen females and 
24 adult males (38 adults) were marked at the same site during the hatchery collections 
on September 22 and 27th, 2009, and released. Including a single marked female, that 
died following tagging on September 15, 2009, 182 adults (73 females and 108 adult 
males) and 18 age-2 males were removed from the river as brood stock. Seven marked 
female, ten adult male marked fish (17 adults); and, one marked age-2 male, were 
among those removed. An additional 14 females and 38 adult males and five age-2 
males were marked in the river upstream of the lower river site. The resulting number 
of marked fish available for recapture in the carcass survey was 453 adults comprised of 
189 females and 264 adult males; and, 65 age-2 males.  These data were used to 
generate stratified estimates by gender as required due to the detection of gender bias 
in the carcass survey.  The single female mortality and 181 adults removed by the 
hatchery (182 adults) are added to the Petersen estimate to allow comparison with the 
AUCindex estimate provided by DFO that included the brood removed.  Fish removed 
were considered losses on capture in the open population estimate. 

 

The Petersen estimates of abundance were 652 females (SE = 126.7, CV = 19.6%) 
and 1026 >age-3 males (SE =  290.5, CV = 28.3%) (Table 3). Stratified estimates were 
required due to gender bias (see below). 2). Adding the hatchery brood removed and 
one tagging mortality (Table 2) to the carcass estimates elevated the estimate of total 
female escapement to 725 (SE = 126.7, CV = 19.6%) and the adult male estimate to 1134 
(SE = 290.5, CV = 28.3%). The pooled estimate for >age-3 adult Chinook with the least 
variance was 1,677 (SE = 286.9, CV = 17.0%). Adding the 182 adults removed for 
hatchery brood and a female tagging mortality elevated the estimate of total 
escapement of >age-3 Chinook to 1,859 (SE = 136.9, CV = 17.0%).  
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The bootstrapped carcass estimate for females was 697.4 with a 95% confidence 
interval of 493 – 966.3 (Figure 4).  The female carcass estimate was 6.9% less than the 
bootstrap mean.  The Anderson Darling (1952) (A-D) statistic (a2 = 26.5, p = <0.001) 
indicated the female sample data was not normally distributed: skewedness was 7.3 and 
kurtosis 125.8. The bootstrap estimate of the number of >age-3 males was 1117.3 with 
a 95% confidence interval of 661.5 – 2119 (Figure 5).  The male carcass estimate was 
8.9% less than the bootstrap mean. The A-D statistic (a2 = 44.4, p = <0.001) for male 
carcasses indicated departure from normality: skewedness of the sample was 3.6, and 
kurtosis was 24.1.  The mean bootstrap estimate from all adults was 1626 > age-3 
Chinook, slightly less than the Petersen estimate. The bootstrap 95% confidence interval 
was 1,110 – 2,537 > age-3 Chinook (Figure 6).  The estimated statistical bias was 3.1%.  
The A-D statistic for all adults was a2 = 40.0, p <0.001: skewedness was 4.0 and kurtosis 
was 30.6.  Departures from normality in male, female and adult bootstrap resample 
estimates were likely due to estimates generated from data resamples containing 
relatively many unmarked carcasses and few marked carcasses, resulting in high 
resample estimates. It was not possible to provide a carcass-based estimate for age-2 
males as no marked age-2 males were recovered. 

 

GENDER BIAS 

 

Gender bias was evident in the carcass survey (χ2 = 6.34, df = 1, α = 0.05; P = 
0.012) that dictated a stratified Petersen estimate of escapement and separate 
comparisons by gender for size selectivity and mark rates (Table 4). Gender bias was not 
detected among the lower river, the hatchery collection and the live river samples. 
Males in the lower river samples were recaptured at a lower rate (0.363) than females 
(0.422) but the rates were not significantly different (χ2 = 0.84, df = 1, α = 0.05; P = 
0.359).  Males (0.22) with marks were recovered at lower rates than females (0.28) in 
the hatchery samples but were not significantly different (χ2 = 0.98, df = 1, α = 0.05; P = 
0.321). Marked males (0.023) were recovered in the live river samples more often than 
females (0.012) but the difference was not significant (χ2 = 1.19, df = 1, α = 0.05; P = 
0.275).  This P value may not be reliable as the expected contingency table values were 
both less than five.  

 

SIZE-RELATED BIAS 
 

The following bias tests are provided for the Petersen estimate and with the 

exception of the size selectivity test, and are not required within the framework of the 

approach used in Program MARK.  
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Size-related bias was not detected between any samples. First, we tested for size 
selectivity between lower river samples and enhancement collections. Size bias was 
absent from the length distributions for all adults captured at the lower river site when 
compared to recaptured individuals at the same site (D, = 0.20, P = 0.975) and both data 
sets were consistent with a normal distribution (Figure 7).  Lengths of all fish marked in 
the lower river and all captured in the hatchery sample were similarly distributed (D, = 
0.13, P = 0.998) as were the lengths of marked fish in the hatchery sample (D, = 0.20, P = 
0.890).  As mark rates were similar and gender and size bias was absent between the 
lower river and hatchery samples, these data were pooled, hereinafter the ‘pooled 
lower river’ samples, for further comparison with river and carcass samples.   Pooled 
lower river length distributions were then compared with those of all fish captured live 
in the river (D, = 0.13, P = 0.999) and with marked fish recovered live in the river (D, = 
0.18, P = 0.912) and neither were dissimilar (Figure 8).  There were no differences 
detected between the lengths of the pooled lower river fish and those with marks 
recaptured in the live river samples (D, = 0.19, P = 0.912). Lengths of the river captured 
fish were then pooled with the previously pooled lower river samples to examine the 
length distributions of the carcasses of each gender for size selection. 

Tests comparing the lengths of marked and unmarked fish among sample 
locations demonstrated absence of size selectivity in the marking and capture events in 
the lower river, live river, and for either gender in the carcasses survey. The length 
distribution of marked carcasses were not significantly different (D, = 0.37, P = 0.162) 
from the pooled lower river and river marked fish length distribution.  The length 
distribution of all carcasses was not different (D, = 0.16, P = 0.963) from the pooled 
lower river and live river length samples (Figure 8).  Next, the lengths of males and 
females in the pooled lower river sample and river sample were compared separately 
with the lengths of all males and all females and those marked and recovered in the 
carcass samples (Figure 9). The length distributions of all females marked in the lower 
river and river and length distribution of all female carcasses were not different (D, = 
0.18, P = 0.985). Both data sets were normally distributed.  The length distribution of 
the marked female carcasses was not different from the lengths of all females captured 
in lower river and river marking (D, = 0.09, P = 1.00). Among males the length 
distributions of those marked at the lower river and in the river were not different than 
the lengths of all male carcasses (D, = 0.38, P = 0.235). There was no significant 
difference between the length distributions of all males marked in the lower river and 
river and those of marked male carcasses (D, = 0.36, P = 0.374) despite the few male 
carcasses recovered (n = 7).  The preceding tests demonstrate the absence of size 
selectivity in the marking and capture events in the lower river, river and for either 
gender in the carcasses survey.  
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RECAPTURE RATES 

 

Mark rates among recovery samples of each sample type were compared to 
determine if assumption (b) held. The overall marked fraction among fish recovered live 
in the river and during carcass surveys were significantly different (Table 4) (χ2 = 9.34, df 
= 2, α = 0.05; P = 0.009) than the pooled lower river samples downstream. The marked 
fractions in the carcass surveys were 0.262 (22/84) overall, 0.277 for females (15/54) 
and 0.233 for males (7/30). Marked portions of adult Chinook recaptured in the lower 
river samples were not different from the hatchery sample proportions (χ2 = 0.86, df = 1, 
α = 0.05; P = 0.354) (Table 5) and the pooled lower river mark rate for adults was 0.16 
(149/943).  The pooled lower river mark proportions by gender were 0.17 (72/415) for 
females (Table 6) and 0.14 (77/528) for males (Table 7). The marked proportion in the 
live river sampling was 0.095 (8/86) for adults overall, 0.143 for females (2/24) and 0.10 
for males (6/60).  

Mark rates were compared by gender across the sampling locations as required 
due to gender bias in the carcass recoveries.  Female mark rates among the pooled 
lower river, live river and carcass samples in each sample area were not significantly 
different (χ2 = 3.79, df = 2, α = 0.05; P = 0.159) (Table 6).   The mark rates of adult males 
(Table 7) were not significantly different than expected in any area (χ2 = 0.37, df = 2, α = 
0.05; P = 0.830). As the mark rates were similar in each sampling area it appears that 
fish were captured and marked fairly consistently over the migration, and had mixed 
between the areas. Fish marked in the lower river and those marked upstream were 
recovered among river and carcass samples indicating fish marked in the lower river had 
mixed with fish that moved upstream to spawn (Table 8). Mixing was not complete in all 
directions as no fish marked upstream were recaptured at the lower river site. 

 

TEMPORAL BIAS 

  

We assumed temporal bias was absent from the application of marks as we 
attempted to systematically sample with equal effort each week and capture fish in 
proportion to their relative abundance. About 85% of the tags in the lower river were 
applied between September 15 and 30th, 2009 and the remainder applied between 
October 1 and 15th, 2009. The rates of capture (marking) and recaptures in the pooled 
lower river samples between these periods was not significantly different (χ2 = 1.29967, 
df = 1, α = 0.05; P = 0.264) indicating the tags were applied approximately in proportion 
to the abundance of fish moving through the lower river in the two periods.  Similarly, 
82.3 % of the marked carcasses recovered were marked in September and 17.5% were 
marks applied in October tagging events.  The time elapsed between marking in the 
lower river and dead recovery averaged 15.06 days (SE = 11.01) and ranged from 1 to 41 
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days. The mark rate in lower river samples was predicted by the equation y = 0.135x, 
where x was the total catch in the sample, suggesting that 90% of the variation (r2 = 
0.8126) was not attributable to chance (t = 6.338, df =8, P = 0.0001). The 95% 
confidence interval around the estimate of r was 0.52 – 0.98.  

Unmarked carcasses were recovered in all counting sections except uppermost 
river section 15.    Marked carcasses were recovered from all but sections 9, 10 and 14.   
Carcasses were most abundant in the lowermost 500 m counting section (section 1) 
where a large proportion spawned.  Pooling of data between adjacent counting sections 
was required due to sparse data in several sections of the river.  Marked carcass 
recoveries were distributed among the counting sections in proportion to the number of 
unmarked spawned fish recovered in those sections, when recoveries from adjacent 
counting sections were pooled to permit testing (χ2= 2.461, df = 5, P = 0.7824).  Samples 
were too few to conduct more detailed temporal analysis of the carcass mark recovery 
distribution. 

Spatial bias in the lower river samples used in the open population estimate was 
nil as all beach seine sets occurred in a single location where we applied marks for the 
Petersen estimate.  The preceding tests suggest the pooled lower river data used in the 
open population estimate appear free of apparent gender, size or capture biases.  

 

 

LOWER RIVER OPEN POPULATION ESTIMATE  

 

The best model {Φ (g t) P (g *) β (g t)} (apparent survival and recruitment time-
variant and capture P constant with group effects for each) estimate for females was 
773 (SE = 151.0, CV = 19.6%, 95% CI = 469 – 1069) (Appendix 5). This model had 99.48% 
of the AIC weight (Table 9) and there was little support for any other model.  The 
variance inflation factor, Ĉ, was estimated at 1.6, which is not surprising given the 
sparse data in October, but not too large to reject the data due to over dispersion. 
Adjustment for Ĉ did not affect the abundance estimates.  The POPAN estimate includes 
74 females removed that were not included in the Petersen estimate. Adding the female 
brood removals to the Petersen estimate yields 726 adult females, 47 fewer fish or 6.2 
% less than the POPAN female estimate.  The model {Φ (g t) P (g *) β (g t)} estimate for 
adult males was 1102 (SE= 171.0, CV = 15.5%, 95% CI = 767 – 1438) and includes fish 
removed by the hatchery as losses on capture. Adding the 108 adult male removals to 
the Petersen estimate yields 1134 males (SE= 171.0, CV = 15.5%), 32 more fish or 2.9% 
higher than the POPAN estimate. The summed adult POPAN estimate was 1875 (SE = 
228.17, CV = 12%), 17 fish (0.5 %) greater than the carcass + brood estimate of 1858. 
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 From the probability of entry estimates we can infer the approximate 
proportions of animals that entered the river over the study period (Figure 11). In 2009, 
at the first sampling occasion 23% of females and 32 % of males had entered the lower 
river. By the third occasion 37% of females and 46% of males had arrived.  At the fifth 
occasion occasions, 50% of females and 54% of the males had entered. A second large 
cohort of females and males entered the river at the sixth interval when 97% of males 
and 79% of females had returned. All males had entered the river by the last interval 
and apparently only 92% of females had entered the lower river at that time, but are 
accounted for in the estimate. 

 

CLOSURE 

 
Closure tests for female and > age 3 male encounter histories indicated the 

population was open to recruitment and emigration at the lower river sampling site as 
expected.  Close Test identified the Jolly-Seber model as a more appropriate alternative 
than closed models for the lower river staging area data. The Stanley and Burnham 
(1999) closure test indicated the female population was not closed (χ2 = 53.5, df = 10, α 
= 0.05; P = <0.001 as did the Otis et al. (1978) test (z-value = -4.16, P = <0.001).  In 
completing these tests the Close Test Program dropped one occasion from the female 
encounter histories as only males were captured during that sampling event.  
Component and subcomponent statistics indicated that there were both losses and 
additions during the sampling period (Appendix 5 – Table 1).  Similarly, for > age 3 males 
the Stanley and Burnham (1999) closure test suggested the population was not closed 
(χ2 = 48.8, df = 11, α = 0.05; P = <0.001) as did the Otis et al. (1978) test (z-value = -3.66, 
P = <0.001) (Appendix 5 – Table 2). The Stanley and Burnham (1999) closure test 
suggested the lower river population of all adults was not closed (χ2 = 90.4, df = 11, α = 
0.05; P = <0.001) as did the Otis et al. (1978) test (z-value = -4.65672, P = 
<0.001)(Appendix 5 – Table 3).  

 

GOODNESS-OF-FIT TO CJS MODEL 

 

Goodness of fit to the fully time-variant CJS model assessed with TEST 1 in RELEASE 
indicated no difference overall between apparent survival (Figure 12) and capture 
probabilities (Figure 13) between groups (χ2 = 12.6, df = 12, P = 0.400) suggesting the 
lower river staging area data would fit the fully time-variant CJS model.  The degrees of 
freedom lost to pooling were five. 

TEST 2 tests for equal catchability and is sensitive to short term capture effects 
or non-random temporary emigration. Test 2 suggests some violation (χ2 = 8.61, df = 4, P 
= 0.0715) of the assumption that each marked male animal present in the population 
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had the same probability of recapture.  The issue identified by Test 2 was unequal 
capture probabilities (Figure 13) among several male cohorts that may be due to non-
random temporary emigration or trapping effects. The cumulative result of TEST 2 over 
groups was non-significant (χ2 = 11.3, df = 9, P = 0.258) as were results for cohorts of 
females (χ2 = 2.65, df = 5, P =0.753). 

 
TEST 3 is a goodness of fit test of seen before versus not seen before against when 

next seen again by capture occasions.  Test 3 tests the assumption that all marked 
animals alive at one occasion (i) have the same probability of surviving to the next 
occasion (i +1).  The cumulative results of TEST 3 over all occasions for females (χ2 = 
2.79, df = 6, P = 0.834) and males (χ2 = 5.10, df = 4, P = 0.281) were not significant as 
were the results for both adult groups (χ2 = 7.85, df = 10, P = 0.643).   

The combined goodness of fit results for Test 2 + Test 3 by groups were not 
significant overall (χ2 = 19.1, df = 19, P = 0.449) or among females (χ2 = 5.45, df = 11, P = 
0.907).  The male group result was not significant at α = 0.05 (χ2=13.7, df = 8, P = 0.090) 
but the result suggests that the male results should be interpreted with caution as there 
were inequalities in capture probabilities among two male tag cohorts and the second 
and third capture occasions. The variance inflation factor Ĉ was 1.0 for the combined 
Test 2 + Test 3 result and suggests the lower river staging area data were not over 
dispersed.  

 

AUC ESTIMATE AND CALIBRATION FACTORS 

 

The AUC index result provided by DFO of 1801 adult Chinook was based on six 
swim surveys a survey life of 15 days, and assumed observer efficiencies of 90% for the 
first count and 85% for the remaining five snorkel counts.  The AUC index curve with 
exaggerated (10 X) estimate of stream discharge superimposed is shown in Figure 10.  
The AUC index estimate provided by DFO included the 182 hatchery brood and single 
female mortality removals.  The calibration factor from the AUC index estimate to the 
Petersen mark-recapture estimate (with removals added) was 1.03. The calibration 
factor between the AUC index and the POPAN open-population estimate was 1.04. 

 

SEX RATIO  

 

The ratio of males to females when first encountered unmarked in the lower 
river and hatchery brood samples were nearly identical (χ2 = 0.0003, df = 1, P = 0.986) 
and when pooled to provide a ratio of adult males (451) (Table 8) to females (343) 
(Table 6) of 1.31: 1.00.  The proportions of males and females in the river captures were 
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significantly different (χ2 = 4.88, df = 1, α = 0.05; P = 0.027) from the composition 
downstream.  Carcass sex ratios were not tested for similarity as they had a gender 
selectivity bias identified above. The stratified Petersen abundance estimates gave a sex 
ratio of 1.43: 1.0.  The Petersen abundance estimates were used to partition the 
escapement by gender and age as testing in Program MARK indicated the capture rates 
differed between sexes which would affect a sex ratio estimate based on encounters of 
unmarked fish. 

 

LIVE RIVER SAMPLING 

 

Catches in the river proper (all sites upstream of the lower river site) between 
September 23 and October 28th, 2009, were insufficient to produce a reliable estimate 
as only nine marked fish (two females, eight males >500 mm POH, and one < 500 mm 
POH male) were recovered among 84 caught.  An additional 26 females, 52 males and 
eight age-2 males were marked in the river while sampling and contributed to the marks 
available for the carcass estimates in addition to the marks applied downstream. Live 
river recaptures occurred between September 23 and October 6, 2009, after which no 
marked live fish were recaptured although sampling continued and live fish were 
observed in the river swim surveys.  

The age-2 male estimate from the river live sampling was 347, but based on a 
single recapture it is unlikely to be a reliable estimate. 

 

TAG LOSS 

 

Tag loss (assumption e) was not a significant factor overall for the Petersen 
estimate as fish that lost tags were all recognizable from a secondary mark. Overall the 
losses of Kurl-lock tags observed in the lower river and river samples were minor (Table 
9) but high (0.71) among the marked male carcasses.  Four of five males tagged in the 
river and recovered dead had lost both tags indicating that most tag loss in males largely 
occurred while spawning and not while staging in the lower river.  We observed several 
brittle tags that cracked on application and were replaced during marking operations.  
The tag loss up river among carcasses should not cause significant bias in the lower river 
open-population estimate where tag loss was minor. No adipose-clipped fish or fish with 
marks other than those applied in this study were observed in the samples.    
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ABUNDANCE BY GENDER AND AGE 

 

Scales samples were collected from 799 Chinook salmon: 624 were aged 
successfully (71.5%), 115 (18.8%) were partially read, and 50 (8.2%) were primarily 
regenerated scales. Partially aged scales absent freshwater annuli could not be assigned 
an age with certainty as four Chinook (1.0% of the adult sample; 3.4% of age-4 fish) 
were age – 4.2 having spent a year in freshwater.   The presence of Chinook with a 
stream-type life-history is consistent with the presence of 1% stream-type at the Nitinat 
River reported by Healey (1983).  All age-3, age-5 and age-6 fish and 96.8% of age-4 fish 
were ocean-type.   

 
Nine (1.5%) ages were discarded as duplicates from marked fish sampled a 

second time in the hatchery brood samples. Eight of the nine duplicate ages matched 
the ages collected when the fish was first sampled.  A ninth fish produced regenerated 
scales on the first sampling and was successfully aged from the second scale sample.  
Field classification of Chinook salmon < 500 mm as age -2 males was confirmed as the 
maximum POH length of an age-2 male was 500 mm.  A few older fish had lengths less 
than 500 mm. 

 
Age samples from the lower river, the hatchery brood sample of September 27, 

2009, and the live river fish samples were pooled to estimate the age structure of the 
escapement. The hatchery enhancement age sample collected September 22, 2009, was 
significantly different from lower river age sample (χ2 = 8.66, df = 3, P = 0.034) and was 
discarded.  The September 27, 2009 hatchery brood sample was not significantly 
different from the lower river age sample (χ2 = 6.15, df = 3, P = 0.104) or the river age 
sample (χ2 = 1.08, df = 3, P = 0.787).  Carcass age samples were excluded due to gender 
bias and small sample size (nine females and one male) that made expected contingency 
values less than five.   

There were 561 adult ages (336 males and 225 females: 1.31: 1.0) in the pooled 
sample used to estimate the proportions and abundance at age, as well as ages from 63 
age-2 males (Table 10).  The age proportions of adult Chinook were 0.323 age-3 (SE = 
0.020), 0.340 age-4 (SE = 0.020), 0.333 age-5 (SE = 0.0004), and 0.023 were age-6 fish 
(SE = 0.006).   Age-3 males were the most abundant group followed by age-5 females, 
age-4 males and females, and age-5 males. Overall age-3, age-4 and age-5 fish were 
almost equally abundant and age-6 fish were the least common.  
 

The age composition of adults in 2009 was significantly different (χ2 = 94.3, df = 
3, P = <0.001) than that of the 2007 return (the most recent sample available at the time 
of writing).  The 2007 sample was dominated by age-4 fish (p = 0.41, n = 100) and was 
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obtained from a hatchery brood collection.  The 2007 sample was collected without 
considering the need to discriminate a 5% change in age composition 95% of the time.  
Further, the 2007 sample may not have been representative of the adult population as 
no samples were obtained from naturally spawning population, only from hatchery 
brood. The 2009 age composition was nearly equally distributed among age-3, age-4 
and age-5 fish.  

Power to discriminate a 5% change in the proportion of age-4 fish, 95% of the 
time between the 2007 age sample (p = 0.41, n = 77) used for estimating the necessary 
sample size and the 2009 sample (p = 0.356, n = 561) was 0.616 or in other words, the 
probability of the test rejecting a null hypothesis when it is a false statement.  The 
power to discriminate a 5% change from the 2009 proportion of age-5 animals (0.333), 
in the future samples was estimated to be 0.96 with a future sample size of 380. 

 

LENGTH AT AGE 

 

Age samples with matched lengths from 368 fish were available to estimate the 
mean POH lengths at age, size ranges and standard errors (Table 11). The proportions at 
age were not different from the larger sample used to estimate abundance at age (χ2 = 
1.06, df = 3, P = 0.787). Females ranged in length from 510 mm to 875 mm. Adult males 
ranged from 435 mm to 1090 mm. A few age-3, age-4 and age-6 males were less than 
500 mm in length. Age-2 males ranged from 350 to 500 mm and none exceeded the 500 
mm POH length that was chosen as the cutoff length for jacks in the field. Length 
frequency distributions of jacks, and age-3 and older males and females (Figure 14) 
show the typical pattern of smaller younger males, and larger older females. Length 
frequencies by age show the same patterns (Figure 15) as well as the usual low 
proportion of age-3 females.  

 

ORIGIN 

 

Otolith samples were retrieved from 309 hatchery brood and carcasses to 
estimate origin proportions.  One otolith pair (0.32%) was destroyed during examination 
and was considered a wild fish and 26 samples were unreadable (8.4%). The remaining 
283 readable otolith pairs nearly met the target sample size of 284. However, 18 
samples were from age-2 males resulting in 265 adult samples. Seven percent of 
sampled fish were naturally spawned and 93% were of hatchery origin (Table 12). 
Among hatchery origin fish, 64% of the total originated from the Burman River net-pen 
rearing program and 29% had strayed from other WCVI hatchery programs.  Of the 
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hatchery strays, 78  (94%) were from the Conuma River Hatchery; three shared a 
common thermal mark applied to Zeballos, Tlupana and Sucwoa River hatchery 
Chinook; one originated from the Gold River; and the last from Robertson Creek 
Hatchery. 

There were 168 origins with matched ages for >age-3 fish and 18 for age-2 males 
available to estimate origin proportions and standard errors by age group (Table 12). 
None of the age-3 fish were naturally spawned, 75% were from the Burman 
enhancement program, and 25% had strayed from other WCVI hatcheries. Four percent 
of age-4 fish were natural, 61% were from the Burman enhancement program and 35% 
were strayed hatchery fish.  Seven percent of age-5 fish were natural, 65% were Burman 
enhancement fish, and 28% were strayed hatchery fish. Among age-6 fish (n =3) one 
was natural and two were from the Burman hatchery program.  Eleven percent of age-2 
males were natural and 90% originated from the Burman River hatchery program (n = 
18).  Power to detect a 5% change in origin proportions was >0.999. 

Origin proportions in 2009 were compared with recent historical origin 
composition data pooled across 2005 – 2007 (Table 13).  Origin data was for 2008 was 
not available at the time of writing.  The hypothesis of no differences in the proportions 
of natural, Burman River hatchery fish or strays between 2005-2007 and 2009 was 
rejected (χ2  = 196.8, df = 2, P = 0.0001). Apparent hatchery contribution to the 
escapement has approximately doubled since 2005-2007. The apparent natural 
contribution in 2009 escapement declined from an average of 46% in 2005-2007 to less 
than 10% in 2009.  Sea pen rearing of Burman River hatchery Chinook began with the 
2003 brood year which may have elevated survival of the hatchery contribution relative 
to the natural production. The normal practice from 1975 to 2002 was to release smaller 
fed fry directly to the Burman River. All Burman River hatchery Chinook are thermally 
marked.  

 

HANDLING STRESS AND CONFIRMATION OF GENDER 

 

Among the 22 unmarked females dissected, a single fish was a pre-spawn 
mortality and the rest had < 10% egg retention rates..  All 15 marked carcasses visually 
identified as females during marking events and recovered were verified as females by 
dissection.  Fourteen of the 15 had spawned successfully and had few eggs remaining 
(all <10% egg retention). The status of the last could not be determined due to the 
condition of the carcass. Although the samples size of female carcasses were too sparse 
to effectively test for handling stress impacts they did not appear to differ markedly in 
egg retention between marked and unmarked females.  
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DISCUSSION 
 

For the closed population estimate stratification was required due to the 
detection of gender bias in the carcass recovery samples. Size bias was not detected. 
Tag loss was not a problem as secondary mark permitted identification of previously 
marked fish and all fish were checked twice for marks to avoid overlooking marks.  We 
assumed our sampling was instantaneous relative to the time between periods. We 
relied on systematic sampling to apply marks primarily in the lower river staging area of 
the Burman River. For the recapture experiment to be consistent, we expected marks to 
be applied in proportion to the abundance of the fish passing through that site.  Using 
systematic sampling requires one of three assumptions in (b) to be met. Specifically, 
marked fish must mix completely with unmarked animals and that fish in the second 
sample are equally catchable (Seber, 1982 p 82). This caveat was met on a broad scale 
as goodness-of-fit testing indicated that the proportions of marked fish in the lower 
river recapture samples were not significantly different between the late September 
and October periods. As the mark rates were similar in each sampling area it appears 
that fish were captured and marked fairly consistently over the migration, and had 
mixed between the areas.    We assumed that tagging and handling did not affect 
individual catchability of carcasses. Sparse recovery of marked females precluded 
statistical testing of elevated egg retention rates although the egg retention rates 
appeared similar between marked and unmarked carcasses. We relied on systematic 
sampling instead of simple random sampling required in assumption (d), the second 
sample is a simple random sample, i.e. each of the possible samples has an equal chance 
of selection.  Seber (1982 p. 61) notes this is acceptable provided the marked fish mix 
with unmarked fish and thus the mark proportions are constant plus all animals in a 
sample location, whether marked or unmarked, have the same probability of being 
captured.  

The lower river samples contributing to the marks in the carcass recovery 
samples and used for the open population estimate appeared free of significant 
sampling biases. Methods or effort used to sample carcasses were gender selective, 
reflecting several factors including lower probability of recapturing smaller younger 
males and washout of drift carcasses. Age-3 males comprised about 30% of the 
escapement in 2009 and tend to have shorter lives and more rapidly disappear than 
larger males and females guarding redds.   

Tag loss (assumption e) was not a serious problem due to double tagging plus 
secondary marking of individuals. We believe that that all marked fish recovered were 
reported and none overlooked (assumption (f) as two observers checked each fish for 
marks. Assumption (g), that double sampling does not occur, was met as each carcass 
was destroyed after examination, and individual tag identity numbers allowed us to 
recognize individual recaptures. The Kurl-lock tags applied to opercula in this study were 
suitable for recaptures in the lower river.  However, there was relatively high loss of tags 
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only in males tagged in the river and recovered in the carcass survey. Tag loss rates 
varied between sexes and sampling locations but showed that the tag loss among males 
occurred largely after arriving on the spawning grounds.  Tag loss in males occurred 
largely after migration from the lower river to the spawning grounds. Handling stress did 
not appear to increase egg retention above unmarked carcasses although our sample 
was small. 

Both male and female bootstrap estimates revealed negative statistical bias. 
However, the unstratified bootstrap estimate for adults was 3.1% greater than the 
Petersen estimate.  Carcass bootstrap resampling estimates were not normally 
distributed.  The bootstrap estimates were skewed possibly by a number of large 
estimates generated from resamples containing few mark recoveries.  Neither stratified 
Petersen estimate achieved the data standard but the unstratified estimate of 
abundance had a CV of 17%, reflecting the larger sample size, nearly meeting the data 
standard of 15%.  The normative CDFO  AUCindex estimate for 2009 of 1,801 was close to 
the closed population Petersen estimate including brood of 1,886, and well within the 
95% CI for the closed-population mark-recapture estimate.  The calibration factor for 
2009 between the AUCindex and closed-population estimate was 1.03. The calibration 
factor to the open-population estimate was 1.04.  Because this was the first consistent 
mark-recapture estimate to compare with the AUC results to date it is not yet possible 
to estimate the variability around the expansion or correction factor between the two 
methods. When sufficient annual expansion factors are generated it may be possible to 
correct the time series of AUC escapement estimates back to 1995 when the AUCindex 
program began if variability in estimate ratios indicate this is appropriate. 

 Further insight into the source of biases is provided by the POPAN estimation 
procedure in MARK.  Testing indicated the lower river capture-recapture data fit the 
global open population model as both immigration and emigration were detected. 
Testing for equal probabilities of recapture and apparent survival indicated overall 
capture and survival were relatively constant. However, bias in the male carcass samples 
may be partly explained by near violation of the equal capture probability assumption 
among two cohorts of tagged males.   

The apparent survival, capture and recruitment time series shows that capture 
probabilities were declining but increased between the fourth and fifth sampling event 
when recruitment increased and apparent survival declined. This pattern suggests that a 
second influx of fish occurred and some moved directly through the lower river site to 
the spawning reach.  Mark rates among those fish that transited the lower river were 
likely lower than average and may have caused some effect on the male mark rate 
upstream, as it reduced capture probability in the lower river at that time.  Interestingly, 
this second large movement of fish did not accompany a freshet but appears related to 
migration timing alone. Possibly once river level was elevated above some threshold or 
cue, fish that have held for some time downstream or in the estuary moved more 
rapidly through the lower river to spawn than others that stage for a time in the lower 
river.  
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Open population models may have the potential to produce consistent 
abundance estimation at the Burman River, or in similar situations where a significant 
portion of a salmon return stages or holds before spawning. In this case we generated a 
comparable but more precise estimate (CV = 12%) than with the Petersen method.  
Results from the {Φ (g t) P (g *) β (g t)} model validated the magnitude of the Petersen 
and AUCindex estimates after hatchery brood was accounted for in the open model.   
Further comparisons of the two methods should be pursued.  Further, the approach 
provides rapid methods of assessing compliance with the assumptions of closure, 
constant capture and apparent survival probabilities, and identifying common sources 
of bias. The open model approach does not require the costly use of radio telemetry to 
demonstrate closure as that assumption is not required. Estimation with this method 
may be risky in years with early and constantly high water levels and short residence in 
the lower river staging area.  

 Age and origin sample sizes were larger than required to detect 5% changes in 
major age and origin groups.  Origin determinations indicated the proportion of 
naturally produced Chinook spawning in the Burman River had declined significantly 
since the 2005-2007 period and in 2009 was < 10%.  This might be the result of 
increased survival of hatchery fish due to changes in husbandry practices resulting in 
greater sizes at release in recent brood years, declines in natural fish survival or a 
combination of both. Reasons for a decline in survival of the smaller naturally spawned 
Chinook compared to the hatchery origin fish is uncertain are currently unknown and 
warrants further attention.   

    

CONCLUSION AND RECOMMENDATIONS 

 

This was the first attempt to formally estimate the escapement of age-3 and 
older Chinook using closed-population and open-population mark-recapture methods in 
the Burman River. Recent investigations had relied on mark – resight methods that do 
not provide the necessary data for testing for selectivity in sampling.  This study 
succeeded in 2009 partly due to relatively low stable flows during the sampling period. 
Although we recovered more carcasses than in any previous year, the carcass and river 
sampling did not produce satisfactory precision in 2009 with the closed—population 
method, nor did the samples exhibit the absence of selectivity. The open—population 
mark-recapture method using the lower river migration staging area encounter histories 
exceeded the program precision standard. Increasing the probability of recapturing 
marked fish in the river and in carcass surveys will require greater sampling effort. That 
effort should be focused on the peak of spawning in late September when there is the 
greatest probability of obtaining larger samples.  Sample sizes must be increased to 
achieve the prescribed levels of precision in the closed–population estimates and 
eliminate some of the gender selectivity in the sampling.  Increasing mark application 
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efforts will also result in higher precision of the open population estimate given 
equivalent run size. Age and origin sample sizes were adequate in 2009. 

The estimation of Chinook salmon abundance using open-population 
assumptions applied to data gathered routinely while marking fish for a closed 
population estimate appears feasible as an alternative approach to estimate 
escapement in the Burman River.   
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LIST OF TABLES 

 

TABLE  1. Summary of Swartz and Arnason (1996) open population mark-recapture 

statistics, parameters, and parameter functions employed in POPAN. 

 

Statistics 

 

  

ni Number of animals captured at occasion i, both marked and unmarked 

 ni = m I + u i 

u i Number of unmarked animals captures at occasion i. 

mi Number of previously marked animals captured at occasion i. 

Ri Number of animals released alive at occasion i + 1. 

Ri Number of animals from Ri, subsequently captured after occasion i. 

zi Number of animals seen before and after i, but not at seen at i. 

li Losses-on-capture are found as ni – Ri 

  

Parameters  

  

k Number of sampling occasions 

Pi Probability of capture at time i. 

Φi Probability of an animal surviving and remaining in the population 

between i and i + 1 given it was alive and in the population at time i. 

βi Number of animals that enter the study area after i and survive to i + 1. Βo  

is defined as the number of animals alive just prior to the first sample. 

N Total number of animals that enter the study area and survive until the 

next sample time. N = Βo + Β1 + ….+ Βk – l 

bi Fraction of the total entries to the study area between i and i + 1. 

V i Probability that an animal captured at time i will be released. 

  

Functions of parameters 

 

Ni Population size at time i, N I = βo’N i+l = (Ni – ni +  Ri) Φi 
+

 βi 

Ui Number of unmarked animals in the population at time i. Ul = 0; U I + 1 = Ui 

(1 – Pi) Φi + βi 

βi Gross number of animals that enter the study area between the first and 

last sampling occasions. These include animals that enter and die before 

the next occasion. 
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TABLE 2.  Summary of marks applied by location, losses, hatchery removals and the total 
marked numbers of Chinook available to carcass survey at the Burman River, 2009. 
  Location marks applied  

or removed 

Female Male 

<500 mm 

Total 

adults 

Age-2 

male 

       

 A Marked in Lower River 169 212 381 50 

 B Marked during hatchery brood 

collection       (“+”) 14 24 38 
11 

 C Losses on capture * (“-“) 1 0 1 0 

 D Marked removed in hatchery 

brood collection       (“-“) 7 10 17 1 

 E Total marks at large at lower 

river site           (sub-total) 175 223 398 
 

60 

 F Additional marked live in 

river**                      (“+”) 14 38 52 
 

5 
 G Total marked available for 

carcass survey (A+B-C-D+F) 
189 264 453 

 

65 

 H Unmarked removed in hatchery 

brood collection 
66 98 164 17 

 I Total removed by 

hatchery*(C+D+H) 
74 108 182 18 

* includes a tagging related female mortality 

** marked live upstream of lower river site 
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TABLE 3.   Estimates of Chinook salmon abundance from carcass surveys in the Burman River, 2009. 

 No. 

marked 

(n1) 

Total 

catches 

(n2) 

 

Recaptures 

 (m2) 

 

Petersen 

estimate 

 

Variance 

 

S.E. 

 

CV% 

        

Females 189 54 15 652.1 16294.5 127.6 19.6 

        

Males  

(> 500 mm) 

264 30 7 1025.9 84303.6 290.5 28.3 

        

Females & 

Males 

453 84 22 

 

1676.8 81222.6 285.0 17.0 

        

Age-2 males  

(< 500 mm) 

 

65 5 0 -- -- -- -- 
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TABLE 4. The number of adult male and female Chinook salmon recovered in the lower river, the 

hatchery brood collection, the pooled lower river sample, live river sampling, and carcass surveys at the 

Burman River, 2009. 

 

Sample type 

 

 Males Females Total 

     

 Recovered 37 38 75 

Lower River Not recovered 175 128 303 

 Tag releases 212 163 375 

 Recovery rate 0.17 0.23 0.20 

     

Hatchery sample Recovered 40 34 74 

 Not recovered 140 87 227 

 Tag releases 180 121 301 

 Recovery rate 0.22 0.28 0.24 

     
Pooled lower river Recovered 77 72 149 

 Not recovered 135 94 229 

 Tag releases 212 163 375 

 Recovery rate 0.36 0.44 0.40 

     
River Recovered 6 2 8 

 Not recovered 258 187 445 

 Tag releases 264 189 453 

 Recovery rate 0.022 0.011 0.018 

     

Carcass survey Recovered 7 15 22 

 Not recovered 257 174 431 

 Tag releases 264 189 453 

 Recovery rate 0.026 0.079 0.048 
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TABLE 5. NUMBER OF MARKED AND UNMARKED ADULT CHINOOK SALMON COLLECTED FROM EACH 

SAMPLING AREA AT THE BURMAN RIVER IN 2009.   

 Sample  location  

Adults     
 Pooled lower 

river 
River Carcasses Total 

     
     
Marked 149 8 22 179 
     
Unmarked 794 78 62 934 
     
Total catches  943 86 84 1113 
     
Mark rate 0.15 0.093 0.26 0.16 
     

     
     
 

TABLE 6.  NUMBER OF FEMALE CHINOOK SALMON COLLECTED FROM EACH SAMPLING AREA AT THE 

BURMAN RIVER IN 2009.   
 

  
Sample  location 

 

   

 
Females 

 
Pooled lower 
river  

 
Live 
river 

 
Carcasses 

 
Total 

     

     
Marked 72 2 15 89 

     
Unmarked 343 22 39 404 

     
Total captures  415 24 54 493 

     
Mark rate 0.17 0.083 0.28 0.18 
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TABLE 7.  Number of adult male (> 500 mm) Chinook salmon collected from each sampling area at the 

Burman River in 2009.   

 Sampling  area  

 Pooled    
Males lower river River Carcasses Total 
     

     
Marked 77 6 7 90 

     
Unmarked 451 54 28 533 

     
Total captures  528 60 35 623 

     
Mark rate 0.14 0.10 0.20 0.14 

     
     
TABLE 8. RECAPTURE LOCATION OF MARKED ADULT CHINOOK SALMON BY SAMPLING AREA IN THE 

BURMAN RIVER IN 2009. 

 

   

Location of recaptured marks  

 

   

      Not 

recaptured 
Release location Lower river 

pooled 

River Carcass Total Marked 

Lower river pooled 149 6 14 169 375 206 

Live river 0 2 8 10 78 68 

Total 149 8 22 179 453 274 

Unmarked fish 794 78 62 934   

Total adults 943 86 84 1113   
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TABLE 9. Tag loss rates among marked Burman River Chinook in the lower river, river and carcass survey 

in 2009. 

 

Sample location 

 

Females 

 

Males 

(>age-3) 

 

Both males 

& Females 

 

Age 2- males 

(< 500 mm) 

      

      

Pooled lower 

river 

Marked inspected 72 77 149 10 

 Missing both tags 2 1 3 0 

 Loss rate 

SE 

0.027 0.013 0.020 0 

0.019 0.013 0.011 0 

      

Live river Marked inspected 2 6 8 1 

 Missing both tags 0 0 0 0 

 Loss rate 0 0 0 0 

SE 0 0 0 0 

      

Carcass survey Marked inspected 15 7 22 0 

 Missing both tags 0 5 5 0 

 Loss rate 0 0.71 0.23 0 

SE 0 0.19 0.46 0 

      

All Marked inspected 89 90 179 11 

 Missing both tags 2 6 8 0 

 Loss rate 0.022 0.067 0.044 0 

   SE 0.016 

 

0.026 0.015 0  
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TABLE 10. ESTIMATED ABUNDANCE AND COMPOSITION BY AGE AND GENDER OF THE ESCAPEMENT OF CHINOOK 

SALMON IN THE BURMAN RIVER IN 2009.  

 

  Brood year  

Group  2007 2006 2005 2005 2004 2003  

Age class  2 3 4.0 4.1 5 6 Total 

         

Females n 0 9 72 1 132 11 225 

 Proportion 0.0 0.040 0.320 0.004 0.587 0.049 1.0000 

 SE of p 0.0 0.013 0.031 0.004 0.033 0.014  

 Abundance 0 26 209 3 383 32 652 

 SE of esc. 0 9.8 45.4 2.9 77.8 11.1 127.6 

         

Males (> 500 mm) n 0 172 104 3 55 2 336 

 Proportion 0.000 0.512 0.310 0.009 0.164 0.006 1.0000 

 SE of p 0.0 0.027 0.025 0.005 0.020 0.004  

 Abundance 0 525 318 9 168 6 1,026 

 SE of esc. 0 151.1 93.3 5.7 51.5 4.5 290.5 

         

Adults n 0 181 176 4 187 13 561 

 Proportion 0.0 0.323 0.314 0.007 0.333 0.023 1.00 

 SE of p 0.00.0 0.020 0.020 0.004 0.020 0.006  

 Abundance 0 541 526 12 559 39 1,677 

 SE of esc. 0.0 47.9 43.0 3.5 45.9 11.1 285 
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TABLE 11.  POST-ORBITAL HYPURAL LENGTH (MM) AT AGE FOR BURMAN RIVER CHINOOK WITH 

MATCHED AGE AND LENGTH DATA FOR >AGE-3 ADULTS (N = 368) AND MALES < 500 MM (N= 41), 

2009. 

 

 

 

  

   

Brood year and age 

  2007 2006 2005 2004 2004 2003 

  Age -2 Age -3 Age -4.0 Age -4.1 Age -5 Age -6 

        

Males n 0 112 67 3 34 2 

 Range 0 450-795 595-895 435-680 550-950 420-1090 

 mean 0 520.2  718.2 526.6 800.0 755 

 SE 0 47.3 62.5 133.6 75.4 7.6 

        

        

Females n 0 6 47 1 91 5 

 Range 0 510-590 545-845 550 630-935 800-875 

 mean 0 550.0 735.4 550 739.9 851.0 

 SE 0 28.6 51.7 0.0 47.1 29.4 

        

Age- 2 males n 41 0 0 0 0 0 

 Range 350-500 0 0 0 0 0 

 mean 384.9 0 0 0 0 0 

 SE 7.6 0 0 0 0 0 
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TABLE 12. Origin frequencies and proportions of Burman River Chinook salmon in 2009.  

     

Origin Frequency Proportion S.E. 95% Confidence interval 

     

     
Natural 20 0.0707 0.0153 0.0350 – 0.1082 

     

Burman 

Hatchery 

181 0.6396 0.0286 0.5899 – 0.6870 

     

Hatchery 

strays* 

82 0.2898 0.0270 0.1889 – 0.3368 

     

Total 283 1.0     

     

* 1 Robertson Creek, 1 Gold River, 2 Conuma satellite, 78 Conuma Hatchery strays. 
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TABLE 13. ESTIMATED ORIGIN PROPORTIONS AT AGE AND STANDARD ERRORS FOR AGE-ORIGIN 

MATCHED SAMPLES IN BURMAN RIVER CHINOOK IN 2009. 

 

 

 

 

 

 

 

 

  Origin  

  Wild Hatchery  

Age class   Burman Strays Total 

      

Age-3 n 0 44 15 59 
 Proportion 0.0 0.746 0.254 1.0 
 SE 0.0 0.057 0.057  

Age-4 n 2 28 16 46 
 Proportion 0.043 0.609 0.348 1.0 
 SE 0.030 0.073 0.071  

Age-5 n 4 38 16 58 
 Proportion 0.069 0.655 0.276 1.0 
 SE 0.034 0.063 0.059  

Age-6 n 1 2 0 3 
 Proportion 0.333 0.667 0.0 1.0 
 SE 0.333 0.333 0.000  

All adults n 7 112 47 166 
 Proportion 0.042 0.675 0.283 1.0 
 SE 0.016 0.036 0.035  

Age-2 males n 2 16 0 18 
 Proportion 0.111 0.889 0 1.0 
 SE 0.076 0.076 0.0  
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Table 14.  Origin frequencies and proportions of Burman River Chinook 2005-2007, and in 2009 

determined from thermally marked otolith samples. 

    
Year Natural Hatchery Total 

  Burman Strays  
     

2005 43 0 15 58 

2006 35 41 17 93 

2007 36 43 4 83 

Sub-total 114 84 36 234 

Proportion 0.463 0.341 0.154 1.0 

SE 0.033 0.031 0.024  

2009 20 181 82 283 

Proportion 0.0707 0.6396 0.2897 1.0 

SE 0.015 0.029 0.027  
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TABLE 15. POPAN models examined, AIC weights and deviance of Burman River Chinook models. 

Models with fully time-variant capture probabilities that confound first and last survival and 

probability of entry parameters were excluded. 
 

 

  

Model AICc 

Delta 

AICc 

AICc 

Weights 

Model 

Likelihood Num. Par Deviance 

{Φ(g t) P (g*) β (g t) 862.61 0 0.9948 1 32 793.6608 

{Φ(g t) P (*) β (t)} 873.78 11.1718 0.0037 0.0037 25 820.7833 

{Φ(g t) P (g*) β (t)} 876.02 13.4122 0.0012 0.0012 26 820.7766 

{Φ(t) P (*) β (t)} 880.30 17.6918 0.00014 0.0001 18 842.7478 

{Φ(t) P (t) β (g t)} 880.86 18.2489 0.00011 0.0001 33 809.5882 

{Φ(*) P (*) β (g t)} 917.69 55.0825 0 0 18 880.1384 

{Φ(g ) P (g *) β (g t)} 920.45 57.8418 0 0 20 878.5353 

{Φ (t) P (g *) β (g)} 78882.69 78020.09 0 0 12 78857.99 
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FIGURE 1. LOCATION OF THE BURMAN RIVER ON VANCOUVER ISLAND, BRITISH 

COLUMBIA. 
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FIGURE 2.  Location of lower river sampling site (section 0) and upper limit of 500 m 

sampling sections at river km 7.5 (section 15) of the Burman River.  

  

Lower river sampling site –Section 0 

Upper limit of Chinook – Section 15 
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FIGURE 3. Estimated average daily discharge (cms) of the Burman River, August 9 to November 15, 

2009, prorated by basin area from the adjacent Gold River Water Survey of Canada Gauge 08HC001. 
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FIGURE 4. Histogram of 1000 bootstrap replications of female Chinook abundance from carcass 

surveys of Burman River in 2009. The solid line is drawn at the mean of bootstrap replications of 

697.4.  The dotted vertical line is drawn at the Petersen estimate of 652.1. The dashed vertical lines 

show the 95% confidence interval of 493 - 966.3 drawn directly from the bootstrap replications. The 

Petersen estimate was 6.9% less than the bootstrap mean.  
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FIGURE 5. Histogram of 1000 bootstrap replications of male Chinook abundance from carcass 

surveys of Burman River in 2009. The solid line is drawn at the mean of bootstrap replications of 

1117.3.  The dotted vertical line is drawn at the Petersen estimate of 1025.9. The dashed vertical 

lines show the 95% confidence interval of 661.5 - 2119 drawn directly from the bootstrap 

replications. The Petersen estimate was 8.9% less than the bootstrap mean.  
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FIGURE 6.  Histogram of 1000 bootstrap replications of adult Chinook abundance from carcass 

surveys of Burman River in 2009. The solid line is drawn at the mean of bootstrap replications of 

1626.  The dotted vertical line is drawn at the Petersen estimate of 1677. The dashed vertical lines 

show the 95% confidence interval of 1110 - 2537 drawn directly from the bootstrap replications. 

Deviation of the pooled Petersen estimate from the bootstrap mean was 3.1%. 

 
 
 
 
 
 
 
 

 

Abundance 
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FIGURE 7. Cumulative postorbital-hypural length frequency distributions of Chinook salmon marked 

and recaptured at the lower river site (section 0) of the Burman River, 2009.  
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FIGURE 8. Cumulative postorbital-hypural length frequency distributions of all Chinook salmon 

marked in the lower river and captured or recaptured in sections 1 -15 of the Burman River, 2009.  
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FIGURE 9. Cumulative postorbital-hypural length distributions of Chinook salmon marked in the 

lower river and all marked and unmarked fish recaptured in carcass surveys (sections 1 -15) at the 

Burman River, 2009.  
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FIGURE 10. Chinook AUC index curve (solid thick line), raw snorkel counts of Chinook salmon (dashed 

line), and estimated discharge (cms) exaggerated (x 10) during the survey period at the Burman River in 

2009. 
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FIGURE 11.   Estimated cumulative proportion of adult male (solid line) and female (dashed line) Chinook 

salmon entering the lower river site at the Burman River by POPAN with model {Φ (g t) P (g*) β (g t)}.  
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FIGURE 12.  Interval apparent survival  (female – red, male - green) and probability of entry  (female 
– blue, male – pink) estimates and standard errors for adult Chinook salmon at the Burman River in 
2009 from model {Φ (g t) P (g *) β (g t)}. Group capture probability in this model for females was 
0.286 (SE =0.0579, 95% CI 0.186 - 0.411) and males was 0.232 (SE = 0.0366, 95% CI 0.168 – 0.311).               
 

 
 

FIGURE 13.  CAPTURE PROBABILITIES AND ASSOCIATED STANDARD ERRORS FOR ADULT FEMALE 

(RED) AND MALE (GREEN) CHINOOK SALMON AT THE BURMAN RIVER IN 2009 FROM MODEL {Φ (G 

T) P (G T) Β (G T)}. THE FIRST AND LAST ESTIMATES WERE CONFOUNDED WITH SURVIVAL IN THIS 

MODEL AND OMITTED FROM THE FIGURE.  
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FIGURE 14. POSTORBITAL – HYPURAL (POH) LENGTH-FREQUENCY DISTRIBUTIONS OF 

JACKS (AGE-2 MALES -THICK DASHED LINE), AGE-3 AND OLDER MALE (SOLID LINE), AND 

FEMALE (DASH- DOT LINE) CHINOOK SALMON, IN THE BURMAN RIVER, 2009 (N = 731). 
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FIGURE 15 Length frequency distribution (mm postorbital-hypural length) of Chinook salmon by 

age (n = 426) at the Burman River, 2009.  
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Appendix 2. SUMMARY OF DAILY CHINOOK MARK AND RECAPTURE DATA FROM 

BURMAN RIVER LOWER RIVER SITE SAMPLES IN 2009. ITALICIZED DATA 

INDICATE HATCHERY BROOD SAMPLES. 

 

  
Captures 

  

Tags 

 

    

 Date Unmarked Marked Total 
catch 

 Tagged Removed At 
large 

Mark 
rate 

          

Females          

1 15/09/2009 35 0 35  0 na na na 
2 16/09/2009 45 7 52  35 1 34 0.135 
3 17/09/2009 32 20 52  80 0 79 0.385 
4 21/09/2009 9 3 12  112 0 111 0.250 
5 22/09/2009 149 22 171  121 2 119 0.129 
6 27/09/2009 75 12 87  126 5 121 0.138 
7 01/10/2009 5 1 6  135 0 130 0.167 
8 02/10/2009 0 0 0  135 0 135 0.000 
9 10/10/2009 5 0 5  135 0 135 0.000 
10 11/10/2009 9 4 13  140 0 140 0.308 
11 12/10/2009 0 0 0  149 0 149 0.000 
12 13/10/2009 0 0 0  149 0 149 0.000 
13 14/10/2009 13 3 16  149 0 149 0.188 
14 15/10/2009 1 0 1  162 0 162 0.000 
          
Total  343 72 415  163 8 163 0.173 
          

Males (> 500 mm POH)        

1 15/09/2009 57 0 57  0 0 na na 
2 16/09/2009 58 15 73  57 0 57 0.205 
3 17/09/2009 41 15 56  115 0 115 0.268 
4 21/09/2009 12 2 14  156 0 156 0.143 
5 22/09/2009 211 28 239  168 4 164 0.117 
6 27/09/2009 105 12 117  180 6 174 0.103 
7 01/10/2009 11 3 14  192 0 192 0.214 
8 02/10/2009 1 1 2  203 0 203 0.500 
9 10/10/2009 4 1 5  204 0 204 0.200 
10 11/10/2009 1 0 1  208 0 208 0.00 
11 12/10/2009 0 0 0  205 0 205 0.00 
12 13/10/2009 0 0 0  205 0 205 0.00 
13 14/10/2009 7 0 7  205 0 205 0.00 
14 15/10/2009 0 0 0  212 0 212 0.00 
          

Total  451 77 528  212 10 212 0.146 
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Males (>500 mm POH)  & Females combined      

          

1 15/09/2009 92 0 92  0 na na Na 

2 16/09/2009 103 22 125  92 1 91 0.242 

3 17/09/2009 73 35 108  195 0 194 0.180 

4 21/09/2009 21 5 26  268 0 267 0.019 

5 22/09/2009 360 50 410  289 6 287 0.174 

6 27/09/2009 180 24 204  306 11 301 0.080 

7 01/10/2009 16 4 20  327 0 322 0.012 

8 02/10/2009 1 1 2  338 0 338 0.003 

9 10/10/2009 9 1 10  339 0 339 0.003 

10 11/10/2009 10 4 14  348 0 348 0.011 

11 12/10/2009 0 0 0  354 0 354 0.000 

12 13/10/2009 0 0 0  354 0 354 0.000 

13 14/10/2009 20 3 23  354 0 354 0.008 

14 15/10/2009 1 0 1  354 0 354 0.0 

          

 Totals 794 149 943  375 18 375 0.397333 

 
Males (< 500 mm POH)- Age-2 

       

          

1 15/09/2009 1 0 1  na na na Na 

2 16/09/2009 4 1 6  1 0 1 0.167 

3 17/09/2009 4 0 4  5 0 5 0.000 

4 21/09/2009 5 0 5  9 0 9 0.000 

5 22/09/2009 13 6 19  14 1 13 0.316 

6 27/09/2009 6 1 7  27 0 26 0.143 

7 01/10/2009 16 2 18  33 0 32 0.111 

8 02/10/2009 0 0 0  49 0 48 0 

9 10/10/2009 3 0 3  49 0 48 0 

10 11/10/2009 3 0 3  52 0 51 0 

11 12/10/2009 0 0 0  55 0 54 0 

12 13/10/2009 0 0 0  55 0 54 0 

13 14/10/2009 4 0 4  55 0 54 0 

14 15/10/2009 0 0 0  59 0 58 0 

          

 Totals 58 10 69  59 1 58 0.145 
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Appendix 3.  SUMMARY OF CHINOOK LIVE RIVER CAPTURE DATA FROM THE 

BURMAN RIVER IN 2009. 

   
Captures 

  
Tags 

 

    

 Date Unmarked Marked Total 
catch 

 At 
large 

Mark 
rate 

        
Females        
1 23/09/2009 4 2 6   0.333 
2 24/09/2009 2 0 2   0.000 
3 29/09/2009 8 0 8   0.000 
4 30/09/2009 7 0 7   0.000 
5 05/10/2009 0 0 0   0.000 
6 06/10/2009 1 0 1   0.000 
7 11/10/2009 0 0 0   0.000 
8 12/10/2009 0 0 0   0.000 
9 15/10/2009 0 0 0   0.000 
10 20/10/2009 0 0 0   0.000 
11 27/10/2009 0 0 0   0.000 
12 28/10/2009 0 0 0   0.000 
        
Total      22 2 24  163 0.173 
          
Males (> 500 mm POH) 
        
1 23/09/2009 13 2 15   0.1333 
2 24/09/2009 7 0 7   0.0000 
3 29/09/2009 16 3 19   0.1579 
4 30/09/2009 15 3 18   0.1667 
5 05/10/2009 3 0 3   0.0000 
6 06/10/2009 0 0 0   0.0000 
7 11/10/2009 0 0 0   0.0000 
8 12/10/2009 0 0 0   0.0000 
9 15/10/2009 0 0 0   0.0000 
10 20/10/2009 0 0 0   0.0000 
11 27/10/2009 0 0 0   0.0000 
12 28/10/2009 0 0 0   0.0000 
        
Total  41 6 47  264 0.0127 
          

 

 

Appendix 2. Continued 

   
Captures 

  
Tags 
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 Date Unmarked Marked Total 
catch 

 At 
large 

Mark rate 

        

Males (>500 mm POH)  & Females combined    

        

1 23/09/2009 17 4 21   0.1905 
2 24/09/2009 9 0 9   0.00 
3 29/09/2009 15 0 15   0.00 
4 30/09/2009 23 3 26   0.1154 
5 05/10/2009 15 2 18   0.1111 
6 06/10/2009 4 0 4   0.00 
7 11/10/2009 0 0 0   0.00 
8 12/10/2009 0 0 0   0.00 
9 15/10/2009 0 0 0   0.00 
10 20/10/2009 0 0 0   0.00 
11 27/10/2009 0 0 0   0.00 
12 28/10/2009 0 0 0   0.00 
        

 Totals 83 9 93  453 18 

 
Males (< 500 mm POH)- Age-2 

      

          

1 23/09/2009 8 1 9  

0.0 

2 24/09/2009 0 0 0  

3 29/09/2009 0 0 0  

4 30/09/2009 0 0 0  

5 05/10/2009 0 0 0  

6 06/10/2009 0 0 0  

7 11/10/2009 0 0 0  

8 12/10/2009 0 0 0  

9 15/10/2009 0 0 0  

10 20/10/2009 0 0 0  

11 27/10/2009 0 0 0  

12 28/10/2009 0 0 0  

        

 Totals 8 1 9  65 
0.111111 
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Appendix 3.  SUMMARY OF CHINOOK CARCASS CAPTURE DATA FROM THE BURMAN 

RIVER IN 2009. 

  Captures     

  Date Unmarked Marked Total 

catch 

  Tagged Mark 

rate 

Females 16/09/2009 0 1* 1   1.0 

 28/09/2009 3 0 3   0.0000 

 29/09/2009 3 0 3   0.0000 

 30/09/2009 14 4 18   0.2222 

 05/10/2009 6 3 9   0.3333 

 06/10/2009 5 2 7   0.2857 

 11/10/2009 1 0 1   0.0000 

 12/10/2009 2 2 4   0.5000 

 14/10/2009 0 0 0   0.0000 

 15/10/2009 0 0 0   0.0000 

 20/10/2009 1 0 1   0.0000 

 27/10/2009 3 1 4   0.2500 

 28/10/2009 1 2 3   0.6667 

        

 Totals 39 15 54  189 0.2642 

        

Males  

(>500 mm) 

28/09/2009 2  0 2   0.0000 

 29/09/2009 3 0 3   0.0000 

 30/09/2009 8 2 10   0.2000 

 05/10/2009 3 3 6   0.5000 

 06/10/2009 1 1 2   0.5000 

 11/10/2009 0 0 0   0.0000 

 12/10/2009 2 0 2   0.0000 

 14/10/2009 0 0 0   0.0000 

 15/10/2009 1 0 1   0.0000 

 21/10/2009 1 0 1   0.0000 

 27/10/2009 2 1 3   0.3333 

 28/10/2009 0 0 0   0.0000 

        

 Totals 23 7 30  264 0.2333 

        

        

  Captures     
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  Date Unmarked Marked Total 

catch 

  Tagged Mark 

rate 

       

Adult carcasses combined       

 16/09/2001 0 1* 1   1.0 

 28/09/2009 5 0 5   0.000 

 29/09/2009 6 0 6   0.000 

 30/09/2009 22 6 28   0.214 

 05/10/2009 9 6 15   0.400 

 06/10/2009 6 3 9   0.333 

 11/10/2009 1 0 1   0.000 

 12/10/2009 4 2 6   0.333 

 14/10/2009 0 0 0   0.000 

 15/10/2009 2 0 2   0.000 

 21/10/2009 4 1 5   0.200 

 27/10/2009 3 3 6   0.500 

 28/10/2009 1 0 1   0.667 

        

 Totals 63 22 84  453 0.267 

        

Age-2 Males       

 28/09/2009 0 0 0   0.000 

 29/09/2009 1 0 1   0.000 

 30/09/2009 2 0 2   0.000 

 05/10/2009 0 0 0   0.000 

 06/10/2009 0 0 0   0.000 

 11/10/2009 0 0 0   0.000 

 12/10/2009 1 0 1   0.000 

 14/10/2009 1 0 1   0.000 

 15/10/2009 0 0 0   0.000 

 21/10/2009 0 0 0   0.000 

 27/10/2009 0 0 0   0.000 

 28/10/2009 0 0 0   0.000 

        

 Totals 5 0 5  65 0.000 

* Female carcass recovered opportunistically before carcass survey  
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APPENDIX 4. Model averaged open population estimates of abundance for Burman River in 2009. 
 
Burman Chinook 2009 Lower River adults - interval corrected 
                       Estimates for data type POPAN 
 
                             Female Superpopulation Size Derived Parameter 1 
Model                                  AIC Weight    Estimate      Standard Error  CV% 
---------------------------------------- -------   -------------- -------------- 
{Φ (g t) P (g) β (g t)            0.93244          773.16     151.02    19.5% 
{Φ (g t) P (.) β (g t)}            0.06628    839.80     148.65    
{Φ (g t) P (g.) β (t}              0.00114    895.86     172.92    
{Φ (t) P (g .) β (t)}               0.00013    850.22     110.61    
---------------------------------------- -------   -------------- -------------- 
Weighted Average                                    777.73     150.88     19.5% 
Unconditional SE                                                           151.85     19.5% 
95% CI for Weighted Average Estimate is 480.11 to 1075.36 
Percent of Variation Attributable to Model Variation is 1.27% 
 
 
                               Male Superpopulation Size Derived Parameter 2 
Model                                   AIC Weight    Estimate      Standard Error CV% 
---------------------------------------- -------   -------------- -------------- 
 {Φ (g t) P (g) β (g t)             0.93244    1102.85    171.05    15.5 
{Φ (g t) P (.) β (g t)}             0.06628    1058.91    150.52   
{Φ (g t) P (g.) β (t}                0.00114    1092.68    157.12    
{Φ (t) P (g.) β (t)}                0.00013    1100.72    140.59    
---------------------------------------- -------   -------------- -------------- 
Weighted Average                                    1099.93    169.67     15.4% 
Unconditional SE                                                    170.09    15.4% 
95% CI for Weighted Average Estimate is 766.54 to 1433.32 
Percent of Variation Attributable to Model Variation is 0.50% 
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APPENDIX 5. CloseTest results for lower Burman River encounter histories in 2009. 
 
Table 1.  Close Test results from lower river female encounter histories. 
 

  
Data Input File= C:\Documents and Settings\roger.dunlop\My Documents\My Documents\Burman River 
2009\MARK results\Burman 2009 females for closetest no covar.txt 
           N hat=  308 
           M_t+1=  154 
       Occasions=  8 
  **  2  occasions dropped from original data (no captures) 
  CH Data Format= List-directed input 
 
 Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
  Chi-square statistic=    53.49129 
                    df=         10. 
               p-value=     0.00000 
 
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
               z-value=    -4.15878 
               p-value=     0.00002 
 
 
 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    42.23944               4.          0.00000 
     M_t vs NM    48.70856               8.          0.00000 
 
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR    11.25184               6.          0.08090 
      NM vs JS     4.78273               2.          0.09150 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NR vs JS Test 
 (Low p-values on the j-th occasion indicates there were additions 
 to the population between occasions j and j+1) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     1.23141               1.          0.26713 
             3     7.60401               1.          0.00582 
             4     0.78078               1.          0.37690 
             5    32.62325               1.          0.00000 
             6     Insufficient data for test 
             7     Insufficient data for test 
------------------------------------------------------------------------------- 
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 Subcomponent Statistics of the NM vs JS Test 
 (Low p-values on the j-th occasion indicates there were losses 
 from the population between occasions j-1 and j) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     3.21577               1.          0.07293 
             3     1.56697               1.          0.21065 
             4     Insufficient data for test 
             5     Insufficient data for test 
             6     Insufficient data for test 
             7     Insufficient data for test 
------------------------------------------------------------------------------- 
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TABLE 2. CloseTest results from lower river male encounter histories. 
 
 
Data Input File= C:\Documents and Settings\roger.dunlop\My Documents\My Documents\Burman River 
2009\MARK results\test file males for closetest 2009.txt 
           N hat=  377 
           M_t+1=  198 
       Occasions=  10 
  CH Data Format= List-directed input - Frequency Format 
 
Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
  Chi-square statistic=    62.26394 
                    df=         13. 
               p-value=     0.00000 
 
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
               z-value=    -1.96483 
               p-value=     0.02472 
 
 
 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    46.77509                   5.          0.00000 
     M_t vs NM    46.52854               9.          0.00000 
 
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR    15.48885               8.          0.05031 
      NM vs JS    15.73540                 4.          0.00340 
---------------------------------------------------------------------- 

*NR is a ‘no recruitment’ model, JS is ‘Jolly-Seber’ model, M_t is a ‘closed population null’ model, NM is 

the ‘no mortality’ model. 
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 TABLE 3. CLoseTest results for all adult Chinook encounter histories in the lower river. 
 
Data Input File= C:\Documents and Settings\roger.dunlop\My Documents\My Documents\Burman River 
2009\MARK results\Burman All Adults for closetest no covar.txt 
           N hat=  700 
           M_t+1=  350 
       Occasions=  9 
  **  1  occasion dropped from original data (no captures) 
  CH Data Format= List-directed input 
 
 Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
  Chi-square statistic=    90.44068 
                    df=         11. 
               p-value=     0.00000 
 
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
               z-value=    -4.65672 
               p-value=     0.00000 
 
 
 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    67.82249               4.          0.00000 
     M_t vs NM    65.58119               8.          0.00000 
 
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR    22.61819               7.          0.00199 
      NM vs JS    24.85949               3.          0.00002 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NR vs JS Test 
 (Low p-values on the j-th occasion indicates there were additions 
 to the population between occasions j and j+1) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     3.83320               1.          0.05025 
             3     4.03295               1.          0.04462 
             4     0.38275               1.          0.53614 
             5    59.57358              1.          0.00000 
             6     Insufficient data for test 
             7     Insufficient data for test 
             8     Insufficient data for test 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NM vs JS Test 
 (Low p-values on the j-th occasion indicates there were losses 
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 from the population between occasions j-1 and j) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     0.68374               1.          0.40830 
             3     2.03922               1.          0.15329 
             4    22.13653               1.          0.00000 
             5     Insufficient data for test 
             6     Insufficient data for test 
             7     Insufficient data for test 
             8     Insufficient data for test 
------------------------------------------------------------------------------- 
 
 
 
 Data Input File= C:\Documents and Settings\roger.dunlop\My Documents\My Documents\Burman River 
2009\MARK results\BUrman All Adults for closetest no covar.txt 
           N hat=  700 
           M_t+1=  350 
       Occasions=  9 
  **  1  occasion dropped from original data (no captures) 
  CH Data Format= List-directed input 
 
 Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
  Chi-square statistic=    90.44068 
                    df=         11. 
               p-value=     0.00000 
 
 Otis et al. (1978) Closure Test (Low p-values suggest population not closed): 
               z-value=    -4.65672 
               p-value=     0.00000 
 
 
 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    67.82249               4.          0.00000 
     M_t vs NM    65.58119           8.          0.00000 
 
 Tests for losses from population (Low p-values suggest there were losses) 
     M_t vs NR    22.61819               7.          0.00199 
      NM vs JS    24.85949               3.          0.00002 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NR vs JS Test 
 (Low p-values on the j-th occasion indicates there were additions 
 to the population between occasions j and j+1) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
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             2     3.83320               1.          0.05025 
             3     4.03295               1.          0.04462 
             4     0.38275               1.          0.53614 
             5    59.57358               1.          0.00000 
             6     Insufficient data for test 
             7     Insufficient data for test 
             8     Insufficient data for test 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NM vs JS Test 
 (Low p-values on the j-th occasion indicates there were losses 
 from the population between occasions j-1 and j) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     0.68374               1.          0.40830 
             3     2.03922               1.          0.15329 
             4    22.13653               1.          0.00000 
             5     Insufficient data for test 
             6     Insufficient data for test 
             7     Insufficient data for test 
             8     Insufficient data for test 
------------------------------------------------------------------------------- 
 
 
 
 
 
 
 

 

 

 

Table 4. Closetest results for jack Chinook encounters in the lower Burman River in 2009. 

Data Input File= C:\Documents and Settings\roger.dunlop\My Documents\My Documents\Burman River 
2009\MARK results\BUrman 2009 Jacks for closetest APril 7, 2011.txt 
           N hat=  180 
           M_t+1=  56 
       Occasions=  8 
  **  2  occasions dropped from original data (no captures) 
  CH Data Format= List-directed input 
 
 Stanley & Burnham Closure Test (Low p-values suggest population not closed): 
  Chi-square statistic=    15.50409 
                    df=          7. 
               p-value=     0.03005 
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 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     8.14815               1.          0.00431 
     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     7.35595               6.          0.28918 
      NM vs JS     0.00000               0.          1.00000 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NR vs JS Test 
 (Low p-values on the j-th occasion indicates there were additions 
 to the population between occasions j and j+1) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     Insufficient data for test 
             3     Insufficient data for test 
             4     Insufficient data for test 
             5     8.14815               1.          0.00431 
             6     Insufficient data for test 
             7     Insufficient data for test 
------------------------------------------------------------------------------- 
 
 
 Subcomponent Statistics of the NM vs JS Test 
 (Low p-values on the j-th occasion indicates there were losses 
 from the population between occasions j-1 and j) 
------------------------------------------------------------------------------- 
      Occasion   Chi-square             df           p-value 
------------------------------------------------------------------------------- 
             2     Insufficient data for test 
             3     Insufficient data for test 
             4     Insufficient data for test 
             5     Insufficient data for test 
             6     Insufficient data for test 
             7     Insufficient data for test 
------------------------------------------------------------------------------- 
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APPENDIX 6.  Burman River Chinook 2009 POPAN  estimates of derived parameters 
 
LR adults - interval corrected                       Estimates of Derived Parameters 
 
Group 1 are females; Group 2 are > age -3 males 
  
Gross Birth + Immigration Estimates of {Phi (g t) P (g .) B (g t} model} 
                                                  95% Confidence Interval 
 Grp. Occ.   B*-hat          Standard Error      Lower           Upper 
 ---- ----   --------------  --------------  --------------  -------------- 
   1     1   114.17658       43.214927       29.475325       198.87784      
   1     2   18.379141       38.861732       -57.789855      94.548136      
   1     3   8.9847196       23.483409       -37.042762      55.012202      
   1     4   68.395292       22.602462       24.094466       112.69612      
   1     5   361.84942       129.66396       107.70805       615.99079      
   1     6   0.5072938E-019  0.1625569E-019  0.1886823E-019  0.8259053E-019 
   1     7   28.933518       14.429120       0.6524425       57.214594      
   1     8   0.6628459E-025  0.2245688E-025  0.2226910E-025  0.1103001E-024 
   1     9   46.462939       15.806663       15.481878       77.444000      
   2     1   52.550910       40.731676       -27.283177      132.38500      
   2     2   76.427297       49.209056       -20.022454      172.87705      
   2     3   0.2941080E-028  0.6154595E-029  0.1734780E-028  0.4147381E-028 
   2     4   66.840045       24.719317       18.390183       115.28991      
   2     5   608.44395       154.21951       306.17369       910.71420      
   2     6   0.3531951E-009  0.8555666E-010  0.1855040E-009  0.5208861E-009 
   2     7   26.009957       36.088693       -44.723882      96.743796      
   2     8   27.013458       27.655724       -27.191761      81.218677      
   2     9   0.1385560E-018  0.5680068E-019  0.2722662E-019  0.2498853E-018 
  
 
Net Birth + Immigration Estimates of {Phi (g t) P (g .) B (gt )} model} 
                                                  95% Confidence Interval 
 Grp. Occ.   B-hat           Standard Error      Lower           Upper 
 ---- ----   --------------  --------------  --------------  -------------- 
   1     1*   93.936690       30.211672       34.721812       153.15157      
   1     2   17.358929       35.317413       -51.863203      86.581060      
   1     3   5.3440415       13.640961       -21.392242      32.080325      
   1     4   68.395292       22.602462       24.094466       112.69612      
   1     5   159.83084       39.192326       83.013879       236.64780      
   1     6   0.2482411E-019  0.6428608E-020  0.1222404E-019  0.3742418E-019 
   1     7   28.933518       14.429120       0.6524425       57.214594      
   1     8   0.2645785E-025  0.6851692E-026  0.1302853E-025  0.3988717E-025 
   1     9   46.462939       15.806663       15.481878       77.444000      
   2     1   52.550910       40.731676       -27.283177      132.38500      
   2     2   58.453236       33.960621       -8.1095815      125.01605      
   2     3   0.2141360E-028  0.4343990E-029  0.1289938E-028  0.2992782E-028 
   2     4   66.840045       24.719317       18.390183       115.28991      
   2     5   315.54004       60.024931       197.89118       433.18891      
   2     6   0.1963391E-009  0.3982961E-010  0.1182730E-009  0.2744051E-009 
   2     7   12.290768       13.632991       -14.429894      39.011430      
   2     8   19.218520       13.704085       -7.6414876      46.078527      
   2     9   0.6036350E-019  0.1224542E-019  0.3636249E-019  0.8436452E-019 



   
 

79 
 

        
Population Estimates of {Phi (g t) P (g .) B (gt) } model} 
                                                95% Confidence Interval 
 Grp. Occ.   N-hat           Standard Error      Lower           Upper 
 ---- ----   --------------  --------------  --------------  -------------- 
   1     1   125.98367       32.625525       62.037636       189.92969      
   1     2   178.06398       40.418017       98.844667       257.28330      
   1     3   175.13617       39.479092       97.757153       252.51520      
   1     4   60.610699       16.790084       27.702133       93.519265      
   1     5   128.00599       29.740015       69.715560       186.29642      
   1     6   174.80767       42.546966       91.415618       258.19973      
   1     7   23.926409       10.228850       3.8778624       43.974956      
   1     8   52.859927       15.341199       22.791176       82.928678      
   1     9   5.5316305       4.0948443       -2.4942645      13.557526      
   1    10   51.994570       16.541121       19.573971       84.415168      
   2     1   245.56944       49.816525       147.92905       343.20983      
   2     2   298.12035       49.299765       201.49281       394.74789      
   2     3   227.74287       40.458557       148.44410       307.04165      
   2     4   115.77322       26.058371       64.698808       166.84763      
   2     5   182.61326       33.776910       116.41052       248.81601      
   2     6   352.84682       66.787239       221.94383       483.74981      
   2     7   72.582846       20.810542       31.794182       113.37151      
   2     8   24.585863       10.766750       3.4830326       45.688693      
   2     9   31.132370       12.328004       6.9694815       55.295259      
   2    10   4.3082482       4.3584600       -4.2343336      12.850830      
     
Gross Population Estimates of {Phi (g t) P (g .) B (gt)} model} 
                                                95% Confidence Interval 
 Grp. Occ.   N*-hat          Standard Error      Lower           Upper 
 ---- ----   --------------  --------------  --------------  -------------- 
   1     0   773.16528       151.02076       477.16457       1069.1660      
   2     0   1102.8551       171.04976       767.59751       1438.1126      
 
 
* note - estimates at the first (1) and last occasion (10) are confounded  
as no marked fish were at large prior to the first or sampled after the last occasion. 
 

 


