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ABSTRACT 
A two-event mark–recapture study was conducted at Florence Lake in 2003 to estimate the abundance and length 
composition of cutthroat trout Oncorhynchus clarkii. Fish were captured with hook-and-line gear and hoop traps, 
marked with t-bar anchor tags and given a dye mark as a secondary mark. The estimated abundance of cutthroat 
trout ≥180 mm FL in 2003 was 12,011 fish (SE = 674; 90% CI = 10,969–13,212). Most of the cutthroat trout ≥180 

mm FL in Florence Lake were estimated to be ≤299 mm FL ( = 0.97, SE = 0.004), while only a small 

proportion of the population was estimated to be ≥300 mm FL ( = 0.03, SE = 0.004). The abundance and 
length composition estimates are similar to estimates from 1994, which suggests that the sportfishing regulation 
changes adopted by the Alaska Board of Fisheries in 1994 have not been detrimental to the population. 

299180ˆ −p

+300p̂

Key words: Florence Lake, cutthroat trout, Oncorhynchus clarkii, mark–recapture, length, abundance. 

INTRODUCTON 
Florence Lake, located on the west side of 
Admiralty Island, supports one of the largest 
known populations of cutthroat trout 
Oncorhynchus clarkii in Southeast Alaska (Bangs 
and Harding 2008). Prior to extensive clearcut 
logging in the Florence Lake watershed in the 
early 1990s, the lake was one of the most popular 
cutthroat trout fisheries in Southeast Alaska 
(Jones et al. 1992). Angler effort has since 
declined substantially (Appendix A1). Based upon 
the declining angler effort at Florence Lake in the 
early 1990s, as well as the high density of 
cutthroat trout, the Alaska Board of Fisheries 
(BOF) adopted less restrictive sportfishing 
regulations for the lake in 1994 (Harding and 
Jones 2004). At the time, the BOF had reduced 
daily harvest limits for many cutthroat trout 
populations in Southeast Alaska and Florence 
Lake was identified as one of the populations 
where additional harvest opportunities could be 
maintained. In fact, the revised regulations are the 
least restrictive cutthroat trout regulations in 
Southeast Alaska (5 fish daily bag limit, 10 fish 
possession limit, no minimum size limit for fish, 
bait is allowed year round). 

The Division of Sport Fish conducted annual 
mark–recapture experiments in Florence Lake 
between 1991 and 1994 to estimate the abundance 
and length composition of cutthroat trout. Results 
from these studies resulted in several insights and 
recommendations about sampling cutthroat trout 
at Florence and other resident lakes in Southeast 
Alaska (Rosenkranz et al. 1999). The objectives 
of this study were to estimate the abundance and 

length composition of cutthroat trout in Florence 
Lake in 2003. Additional sampling was conducted 
in 2002 and will be reported separately. 

OBJECTIVES 
The study objectives in 2003 were to: 

1. Estimate the abundance of cutthroat trout 
≥180 mm FL; and, 

2. Estimate the length composition of 
cutthroat trout ≥180 mm FL. 

METHODS 
STUDY AREA 
Florence Lake lies approximately 50 km southwest 
of Juneau, on the west side of Admiralty Island 
(Figure 1) at longitude 134o4' W, latitude 58o3' N. 
The 431 hectare lake is narrow (<1 km wide) and 
about 7.2 km long, with a maximum depth of 
approximately 27 m. The lake outlet flows about 1 
km into Chatham Strait and passes over a barrier 
falls about 400 m upstream of tidewater, blocking 
the lake to upstream fish passage. A U.S. Forest 
Service recreational cabin is located at the east 
end of the lake, and the primary mode of 
transportation to the cabin is by float plane. 
Cutthroat trout and Dolly Varden Salvelinus 
malma are the primary species of fish available to 
anglers. 

SAMPLING DESIGN AND FISH CAPTURE 
This study was designed to estimate the 
abundance and length composition of cutthroat 
trout  in  Florence  Lake  by using mark–recapture
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Figure 1.–Location of Florence Lake, near Juneau.

methodology. The first event (i.e., the marking 
event) occurred between April 22 and April 30, 
2003. The second event (i.e., the recapture event) 
occurred between June 2 and June 11, 2003. The 
timing of these events was intended to avoid the 
majority of spawning activity (see Rosenkranz et 
al. 1999), which presumably occurred in May. 
Avoiding the spawning period is important 
because some fish will temporarily emigrate to 
inlet or outlet streams for spawning and will be 
unavailable for capture in the lake. Cutthroat trout 
were captured by employing hoop traps ([HT], 
Figure 2 in Rosenkranz et al. 1999) baited with 
salmon eggs that had been disinfected in a 
povidone-iodine solution. The lake was divided 
into three areas to facilitate consistent recording 
of trap locations and to aid in evaluation of 
assumptions during data analysis (Figure 2). 
During each sampling event, a total of 108 
overnight trap sets were made across the lake (26 

overnight sets in Area A, 56 overnight sets in 
Area B, and 26 overnight sets in Area C). Traps 
were set on the lake bottom and depths were 
measured with a fathometer or metered buoy line. 
Hook-and-line sampling gear was also employed 
during the second event. This entailed casting 
small spinners in a manner such that all shoreline 
areas at depths ≤6 m were fished with similar 
effort. A total of 29.2 hours of hook-and-line 
sampling effort was expended (7.2 hours in Area 
A, 14.9 hours in Area B, and 7.1 hours in Area C). 

All cutthroat trout <180 mm FL were counted and 
released (i.e., not sampled). This minimum size 
threshold for sampling was selected to be 
consistent with previous cutthroat trout studies in 
Southeast Alaska (e.g., Rosenkranz et al. 1999). 
All cutthroat trout that were ≥180 mm FL were 
given a red anal fin dye mark, measured from the 
tip  of  the  snout  to  the  fork  of  the  tail  (to  the
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Figure 2.–Location of sampling areas in Florence Lake. The three large lake areas (A, B, C) were used to 
evaluate study assumptions. 

nearest mm FL), and were given a uniquely 
numbered t-bar anchor tag (Hallprint Pty Ltd., 
Victor Harbor, South Australia). Previously 
captured fish (as indicated by the presence of a t-
bar tag or dye mark) were measured for length 
and the t-bar anchor tag number was recorded. For 
each fish captured, the date, time, gear type, lake 
area (A, B, C), and depth (for HT) were recorded. 

DATA ANALYSIS 
The assumptions of the experiment were that: 

1) the population was closed (cutthroat trout 
do not enter the population, via growth or 
immigration, or leave the population via 
death or emigration during the 
experiment); 

2) all cutthroat trout had a similar probability 
of capture in the first or second event, or 
marked and unmarked cutthroat trout 
mixed completely between events; 

3) marking of cutthroat trout in the first 
event did not affect the probability of 
capture in the second event; 

4) cutthroat trout did not lose (or gain) 
marks between events, and marks were 
recognized and reported during the 
second event. 

Fulfillment of the closure assumption (assumption 
1) relied on the relatively short time (33 days) 
between the two sampling events. To evaluate the 
possibility of handling or tagging mortality 
(pertinent to assumptions 1, 2, 3), the first 10 fish 
sampled in each event were held overnight in a 
HT for observation. The status of these fish (e.g., 
whether they were alive, apparent condition) was 
evaluated to determine if handling procedures 
were detrimental. 

The second assumption was evaluated with tests 
of consistency for the Petersen estimator 
(Appendix A2) and with Kolmogorov-Smirnov 
(K-S) tests for size-selective sampling (Appendix 
A3). Consistency tests were used to compare 
capture and recapture rates in each area of the 
lake. When all three of the null hypotheses 
outlined in Appendix A2 are rejected (α = 0.05), a 
stratified Peterson estimator (Darroch 1961; and 
Seber 1982, Chapter 11) is appropriate. 
Otherwise, when any of the three null hypotheses 
are accepted, a pooled Peterson estimator can be 
used. The protocol specified in Appendix A3 
provided guidance for conducting K-S tests to 
evaluate the potential for size-selective sampling 
as well as the effects of marking on catchability 
(assumption 3). Assumption 4 was robust in this 
experiment because all fish had a secondary mark 
(red anal fin dye mark) and technicians were 
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instructed to thoroughly examine all captured fish 
for marks.  

The abundance of cutthroat trout was estimated by 
using the Chapman modification of the Petersen 
estimator (Seber 1982):  

1
)1(

)1)(1(ˆ
2

21 −
+

++
=

m
nn

N  (1)

 

where is the estimated abundance of cutthroat 
trout ≥180 mm FL,  is the number of cutthroat 
trout ≥180 mm FL marked in the first event, is 
the number of cutthroat trout ≥180 mm FL 
examined in the second event, and is the 

number of marked cutthroat trout recaptured in 
the second event. 

N̂
1n

2n

2m

The standard error along with a 90% confidence 
interval about were estimated by using a 
parametric bootstrap routine in Excel®, whereby 
random variates (m2) were generated from a 
hypergeometric distribution based upon fixed 
values of n1, n2, and . For each of the generated 
m2 values (B = 5,000 iterations), equation (1) was 
used to generate a potential abundance estimate 
( ). A 90% confidence interval about the mean 
was calculated using the 5th and 95th percentiles of 
the bootstrap distribution (Efron and Tibshirani 
1993). The variance of  was calculated by: 
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LENGTH COMPOSITION 
Size selectivity in sampling was investigated 
according to the protocols in Appendix A3. The 
estimated fraction  of the fish in length group 
a (20 mm increments) was calculated as

ap̂
: 

n

n
p a

a =ˆ  (3)

where  is the number of fish measured for 
length and  is the number of fish in length 
group . The mated variance for  is 

n

a
an

esti ap̂
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)ˆ-(1ˆ

]ˆr[v aa
a n

pp
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â

The abundance of length group a in the population 
( aN̂ ) was estimated by 

NpN aa
ˆˆˆ =  (5)

 

where is the estimated abundance of the mark-
ment. From

arian f  is: 

RESULTS 
CATCH SUMMARY 
Abundance in 2003 was estimated at 12,011 
cutthroat trout ≥1  674; 90% CI = 

95, n2 = 1,713, m2 = 241). 
 cutthroat trout ≥180 mm 

ignificant 

red in the 

used to estimate length composition.

N̂
recapture experi

ce o
 Goodman (1960), the 

v  aN̂

)ˆr(âv)ˆr(âvˆ)ˆr(âv

ˆ)ˆr(âv]ˆr[â
2

2

Npp

NpN

a

aa

−

+=
 (6)

v

N a

80 mm FL (SE =
10,969–13,212; n1 = 1,6
A total of 3,167 unique
were captured in this experiment; no tag loss was 
observed. All fish held overnight to evaluate 
potential handling effects appeared healthy and 
were released. A length measurement was either 
not taken or not recorded from one cutthroat trout 
in the second event. This fish was included in the 
spatial heterogeneity tests and the abundance 
estimation procedures, but was excluded from the 
length composition analysis and K-S tests as it 
could not be assigned to a length group. 

KOLMOGOROV-SMIRNOV TESTS 
Stratification by length was deemed unnecessary 
as the K-S tests did not indicate any s
differences in length composition between fish 
marked in the first event and fish recaptu
second event (D = 0.08, P = 0.10, Figure 3). An 
additional K-S test compared the length 
composition of fish captured in the second event 
to those recaptured in the second event (Figure 4). 
This test offered some evidence of size selectivity 
in the first event (D = 0.093, P = 0.05), therefore 
only data from the second sampling event was 
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Figure 3.–Cumulative relative frequency of cutthroat trout ≥180 mm FL 
marked in the first event and recaptured in the second event in 2003. 

 
Figure 4.–Cumulative relative frequency of cutthroat trout ≥180 mm FL 

captured in the second event versus those recaptured in the second event in 2003. 

SPATIAL HETEROGENEITY TESTS 
Heterogeneit
spatial facto
source of bias in the abundance estimate as no 

ractions 

version of the “complete mixing test” in Appendix 
thesis for only 

d to employ the 
Petersen estimator. 

ra g

y in capture probabilities due to 
rs (Table 1) was not an apparent 

A2), acceptance of the null hypo
one consistency test was neede

difference was detected in the marked f
among the recovery areas ( =2χ  1.62, df = 2, P = 
0.45; the “equal proportions test” in Appendix 
A2). Although mixing was incomplete ( =2χ  
99.58, df = 6, P < 0.001) and evidence of unequal 
probabilities of capture in the second event was 
found ( =2χ  24.03, df = 2, P < 0.001; the pooled 

LENGTH COMPOSITION 
Fork lengths of measured cutthroat trout captured 
in 2003 n ed from 180 to 464 mm (Table 2). 
Most of the cutthroat trout ≥180 mm FL in the 
population were estimated to be ≤299 mm FL 
( 299180ˆ −p  = 0.97,  SE = 0.004).   A  much   smaller
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proportion were 300–379 mm FL ( = 

 
Floren , 2003. Summary statistics e 
number  marked in each area ( rst 
event an number of unmarked fi in 
each area  the second event. 

 Recovery  

379300ˆ −p  

 include th
) in the fi

sh captured 

area

0.03, SE = 0.004), and very few fish were ≥380 
mm FL (

+380p̂  = 0.002, SE = 0.001). 

Table 1.–Summary of cutthroat trout ≥180 mm FL 
catches in each of the three sampling areas (A, B, C) at

ce Lake
of fish
d the 
( ju ) in

in

Marking a A B C rea in  

A 650  28  19  12 
B 738  12  
C 7  0  42 

  286  52

 
 30

65  56 
7  
3  663 

ju  

DISCUSSION 
ABUNDANCE 
The 2003 abundance estimate of 12,011 cutthr at 
trout (90% CI = 10,969–13,212) ≥180
consistent with the preceding closed population 
estimate from 1994, which was 10,94
(standard error not reported, Rosenkranz et al. 
1999). Rosenkranz et al. (1999) also provides 
abundance estimates for 1991 tho 3, 
however differences in sampling m
comparisons to this study less 
example, sampling in 1991 and 

restricted to littoral areas ≤14 m in depth whereas 
sampling was expanded to deeper depths in 
subsequent years. Readers should refer to 
Rosenkranz et al. (1999) for a more elaborate 
discussion of the 1991–1994 studies as well as 
other general recommendations for conducting 
mark–recapture studies for lacustrine populations 
of cutthroat trout. 

LENGTH COMPOSITION 
Length composition estimates from this study 
(Table 2) are similar to the estimates from 1994, 
where Harding (1995) reported that a very high 
proportion ( = 0.99) of the cutthroat trout 
were between 180 and 300 mm FL. Length 
composition estimates for 1991 through 1993 
were not reported by Rosenkranz et al. (1999) or 
others. 

MANAGEMENT 
Although the BOF modified the sport fishing 
regulations in 1994 such that Florence Lake has 
the least restrictive sport fishing regulations of 
any cutthroat trout populations in Southeast 
Alaska (5 fish daily bag limit, 10 fish possession 
limit, no minimum size limit for fish, bait is 
allowed year round), the abundance and length 
composition estimates from this study are similar 
to estimates from the early 1990s. This suggests 
that the current regulations do not appear to be 
detrimental based on recent levels of sport fishing 
harvest (Appendix A1).

Table 2.–Length composition and estimated abundance at length for cutthroat trout ≥180 mm FL in Florence 
Lake in 2003. Number sampled (  second event only), proportion ( ), abundance ( ), and standard error 
(SE) are shown for each 20-mm length class. 

Length a, mm FL na  SE( )  SE( ) 

o
mm FL is 

8 fish 

ugh 199
ake direct 

straightforward. For 
1992 was

300180ˆ −p

an ; ap̂ aN̂

ap̂ ap̂ aN̂ aN̂
180–199 446 0.261 0.011 3,129 217 
200–219 505 0.295 0.011 3,543 239 
220–239 405 0.237 0.010 2,841 202 
240–259 177 0.103 0.007 1,242 112 
260–279 88 0.051 0.005 617 73 
280–299 40 0.023 0.004 281 47 
300–319 25 0.015 0.003 175 36 
320–339 15 0.009 0.002 105 28 
340–359 5 0.003 0.001 35 16 
360–379 2 0.001 0.001 14 10 
≥380 4 0.002 0.001 28 14 

Total 1,712a  = 12,011 N̂
a 1,713 (n2) - 1 fish with no length recorded = 1,712. 
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POPULATION MONITORING 
Although a monitoring program for cutthroat trout 
populations in Southeast Alaska does not 
currently exist, Florence Lake would be a likely 
can

gi onitoring goals 
nd objectives. Gibbs (2000) 001) 

p ul rec mme  designing 
m gr  W
be to preserve wi tth
their habitat, mo ec
e to valuate t eff

regulations. In this case, Florence Lake may be a 
poor choice due to the unique sport fishing 
regulations and els (Appendix 

eriodic stock assessment studies 
d due to the unknown long-term 

and an anonymous reviewer also provided critical 
rev

 Service 

Act (16 U.S.C. 777-777K) under Project F-10-18, 
Job N

ENCES C D 
Bailey, N. T. J.  1951.  On estim g the size 

mobil ons from capture-recapture da
Biome 93-306.   

Bailey, . 1952. Improv ents in t
interp ture data.  Jo nal of Anim
Ecolo 127.   

951.  Some properties of the 
stribution th applications to 

ty of California 

., and R. J. Tibshirani.  1993.  First Edition.  
ntroduction to the bootstrap.  Chapman and 

Y    

http://www.sf.adfg.state.ak.us/FedAidPDFs/fds95-43.pdf

didate for future studies because it is one of 
the few cutthroat trout populations in Alaska with 
multiple years of abundance estimates (e.g., 
Rosenkranz et al. 1999). However, prior to the 
initiation of future mark–recapture studies on 
cutthroat trout populations, careful consideration 
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Appendix A1.–Estimates of sportfishing effort, harvest, and catch of cutthroat trout at Florence Lake, 1992 to 
2002. Fishery statistics are from Alaska Department of Fish and Game postal surveys of U. S. Forest Service 
(USFS) recreational cabins users (Jones 1993-1995; Jones and Kondzela 2001; Harding et al. 2005). 

Fishery Statistic 1992 1993 1994 1999   2002 
Hours fished 332 423 803 101   126 
Days fished 59 94 232 75   54 
Harvest 175 197 326 88   77 
Released 844 1,990 1,082 317   405 
Catch (harvest + release) 1,019 2,187 2,187 405   482 
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Appendix A2.–Tests of consistency for the Petersen estimator (from Seber 1982, page 438). 

 
 conditions, at least one mu ulfilled et assum s of a P n 

ish mix completely with unmarked fish between events; 

ry fish has an equal probability of being captured and marked during the first event;  

 Every fish has an equal probability of being captured and examined during the second event.  

To evaluate these three assumptions, the chi-square statistic can be used to examine the following 
contingency tables as recommended by Seber (1982). At least one null hypothesis needs to be accepted 
for assumptions of the Petersen model (Bailey 1951-1952; Chapman 1951) to be valid. If all three tests 
are rejected, a temporally or geographically stratified estimator (Darroch 1961) should be used to estimate 
abundance. 

I.-“Complete mixing test”a 
 Time/Area Where Recaptured  Not Recaptured 

Of the following st be f  to me ption eterse estimator: 

• Marked f

• Eve

or, 

•

Area/Time Where Marked 1 2 … t  (n1-m2) 
1       
2       

…       
s       

 

II.-“Equal Proportions test”b 

 Area/Time Where Examined 
 1 2 … t 
Marked (m2)     
Unmarked (n2-m2)     
 

III.-Pooled version of “Complete mixing test”c 

 Area/Time Where Marked 
 1 2 … s 
Recaptured (m2)     
Not Recaptured (n1-m2)     
 

 

a This tests the hypothesis that movement probabilities (θ) from time or area i (i = 1, 2, ...s) to section j (j = 1, 2, t) 
are the same among sections:  H0:  θij = θj (test for homogeneity of the rows of the s by (t+1) table. 

b This tests the hypothesis of homogeneity on the columns of the 2-by-t contingency table with respect to the 
marked to unmarked ratio among time or area designations:  H0:  Σiaiθij = kUj, where k = total marks 
released/total unmarked in the population, Uj = total unmarked fish in stratum j at the time of sampling, and ai = 
number of marked fish released in stratum I. Accepting H0: is consistent with an equal probability of capture 
during the first event. 

c This tests the hypothesis of homogeneity on the columns of this 2-by-s contingency table with respect to 
recapture probabilities among time or area designations:  H0:  Σjθijpj = d, where pj is the probability of capturing a 
fish in section j during the second event, and d is a constant. 
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Appendix A3.–Detection of size- and/or sex-selective sampling during a two-sample mark–recapture experiment 
and its effects on estimation of population size and population composition. 

 
ver 1980) is used to detect significant 
 sampling events. The second sampling 

vent (M) with 
ference. The 

 sampling event is evaluated by comparing the length frequency distribution of all fish inspected for marks 
 used to 
 <30 for 

r female is independent of sample. If the proportions by gender are estimated for a sample (usually C), 
rath n the sample, contingency table analysis is not appropriate and the proportions of 
fem pared between samples using a two sample test (e.g. Student’s t-test). 

Size selective sampling:  The Kolmogorov-Smirnov two sample test (Cono
evidence that size selective sampling occurred during the first and/or second
event is evaluated by comparing the length frequency distribution of all fish marked during the first e
that of marked fish recaptured during the second event (R) by using the null test hypothesis of no dif
first
during the second event (C) with that of R. A third test that compares M and C is then conducted and
evaluate the results of the first two tests when sample sizes are small. Guidelines for small sample sizes are
R and <100 for M or C.  

Sex selective sampling:  Contingency table analysis (Chi2-test) is generally used to detect significant evidence that 
sex selective sampling occurred during the first and/or second sampling events. The counts of observed males to 
females are compared between M&R, C&R, and M&C using the null hypothesis that the probability that a sampled 
fish is male o

er an observed for all fish i
ales (or males) are then com

 
 vs.  s. C M vs. R   C R  M v

 
Case I: 

 reject Fail to eject Ho  Fail to reject Ho

ere is no size/sex selectivity detected during either sampling event. 

Case II

eject Ho   H

e/sex selecti etected uring the first event b ere is during the second event sampling. 

ase III: 

Fai Reject Ho 

here is no size/sex selectivity de t but there is during the first event sampling. 

Reject H Either result possible 

here is size/sex selectivity detected during both the first and second sampling events. 

Fa

Sa
A. 

Ho   r  Fail to

Th

: 

R Fail to reject eject Ho  R o 

There is no siz vity d d ut th

C

l to reject Ho  Reject Ho  

T tected during the second even

Case IV: 

Reject Ho  o  

T

Evaluation Required: 

il to reject Ho  Fail to reject Ho  Reject Ho 
 
 

mple sizes and powers of tests must be considered:  
If sample sizes for M vs. R and C vs. R tests are not small and sample sizes for M vs. C test are very large, the M 
vs. C test is likely detecting small differences which have little potential to result in bias during estimation.  Case 
I is appropriate. 

-continued- 
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Appendix A3.–Page 2 of 3.  

 
B. If a) sample sizes for M vs. R are small, b) the M vs. R p-value is not large (~0.20 or less), and c) the C vs. R 

detect. Case I may be considered but Case III is the recommended, conservative 

sample sizes are not small and/or the C vs. R p-value is fairly large (~0.30 or more), the rejection of the null in 
the M vs. C test was likely the result of size/sex selectivity during the second event which the M vs. R test was 
not powerful enough to detect. Case I may be considered but Case II is the recommended, conservative 
interpretation. 

C. If a) sample sizes for C vs. R are small, b) the C vs. R p-value is not large (~0.20 or less), and c) the M vs. R 
sample sizes are not small and/or the M vs. R p-value is fairly large (~0.30 or more), the rejection of the null in 
the M vs. C test was likely the result of size/sex selectivity during the first event which the C vs. R test was not 
powerful enough to 
interpretation.  

D. If a) sample sizes for C vs. R and M vs. R are both small, and b) both the C vs. R and M vs. R p-values are not 
large (~0.20 or less), the rejection of the null in the M vs. C test may be the result of size/sex selectivity during 
both events which the C vs. R and M vs. R tests were not powerful enough to detect. Cases I, II, or III may be 
considered but Case IV is the recommended, conservative interpretation. 

 

Case I.  Abundance is calculated using a Petersen-type model from the entire data set without stratification
ition parameters may be estimated after pooling length, sex, and age data from both sampling events.   

e is c eterse m the entire data set without stratification. 
e data from the first sampling event without 

stratification. If composition is estimated from second event data or after pooling both sampling events, data must 
tratified to eliminate variability in capture probability (detected by the M vs. R test) within strata. 
ion parameters a hin strata, nce for each stratum needs to be estimated using a 

ramet ated by combining stratum estimates weighted by 

 Abundance is calculated using a Petersen-type model from the entire data set without stratification. 
rameters m imated using leng d age data from the second sampling event without 

positio  after pooling both sampling events, data must first 
position 

parameters are estimated within strata, and abundance for each stratum needs to be estimated using a Petersen-type 
ula. Overall composition parameters are estimated by combining stratum estimates weighted by estimated 

dance accordi ormulae below.  

rata for at least one or both 
sampling events. Abundance is calculated using a Petersen-type model for each stratum, and estimates are summed 

ate overall abundance. Composition parameters may be estimated within the strata as 
t on m sampl ts where stratification has eliminated variability in 

 withi  both ents are to be used, further stratification may be 
ecessary to meet the condition of capture homogeneity within strata for both events. Overall composition 

es weighted by estimated stratum abundance.  

par
 

 

 

. 
Compos

Case II.  Abundanc alculated using a P n-type model fro
Composition parameters may be estimated using length, sex, and ag

first be s
Composit re estimated wit and abunda
Petersen-type formula. Overall composition pa ers are estim
estimated stratum abundance according to the formulae below.   

Case III. 
Composition pa ay be est th, sex, an
stratification. If com n is estimated from first event data or
be stratified to eliminate variability in capture probability (detected by the C vs. R test) within strata. Com

type form
stratum abun ng to the f

Case IV.  Data must be stratified to eliminate variability in capture probability within st

across strata to estim
ve, budetermined abo ly using data fro ing even

capture probabilities n strata. If data from  sampling ev
n
parameters are estimated by combining stratum estimat

If stratification by sex or length is necessary prior to estimating composition parameters, then overall composition 
ameters (pk) are estimated by combining within stratum composition estimates using:  

-continued- 

13 



 

14 

Appendix A3.–Page 3 of 3. 

 

∑
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wh = the number of sex/size strata; 
 = the estimated proportion of fish that were age or size k among fish in stratum i; 

 

p̂  ik

 N iˆ  = the estimated abundance in stratum i; and, 

N̂ Σ  = sum of the N iˆ  across strata.  
 

 



 

15

Appendix A4.–Computer files used to estimate the abundance and length composition of cutthro t ≥ nce Lake in 2003. 

File Name Description 

at trou 180 mm FL in Flore

FLOR03ABUN.XLS EXCEL spreadsheet with abundance estimates and chi-squared t for heterogeneity in captu
probabilities related to spatial heterogeneity 

ests re 

FLOR03KS.XLS EXCEL spreadsheet with Kolmogorov-Smirnov size selectivity tests 

FLOR2003_LENGTH.XLS EXCEL spreadsheet with length composition analysis 

FLOR2003_DATA.XLS EXCEL spreadsheet with Florence Lake 2003 raw data, inc gths, tag num ge
type, and comments 

luding fish len bers, depths, ar 
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