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EXECUTIVE SUMMARY 

Gilbert, DJ.; Bradford, E. (2001). Bootstrap method to determine sample sizes to detect 
trap shyness. 
New Zealand Fisheries Assessment Report 200U46.27 p. 

This report fulfils the requirements of Ministry of Fisheries Project MOFQ000103B. The work 
arose out of Project SNA9804 that was to design a tagging programme to determine the 
population size of SNA 8. 

We developed several estimators and tests for trap shyness in a proposed SNA 8 tagging 
experiment. Simulation was canried out under various assumptions of the numbers of releases 
and the numbers of fish examined for tags, by trawl and long-line. We assumed either 
homogeneity or heterogeneity of mark rates amongst length classes. The latter was perhaps the 
more realistic, but most of the estimators and hypothesis tests that performed well under 
assumptions of homogeneity, performed poorly under heterogeneity. Our estimators for the trap 
shyness factor, z, tended to be positively biased under heterogeneity. One hypothesis test based 
on counts of length class estimates of z that were less than 1 was satisfactory, but was only of 
adequate power when z was well below 1 and when there were relatively large numbers of 
long-line releases and of long-lime caught fish examined for tags. This test would perfom better 
if recaptures were from several areas, so that it would be based on many length x area classes. 

More work is required to find a satisfactory estimator for z. Several suggestions for improved 
experimental design and improved estimators are made in an appendix. A better test that is 
satisfactory with smaller numbers of releases and recaptures may be possible. 

At present, an experiment at practicable numbers of releases and recaptures may not produce a 
satisfactory estimate or test for trap shyness. 



Gilbert et al. (in press) showed that there was evidence for trap shyness from both longline and 
trawl releases in SNA 1 tagging programmes. Fish appeared to learn to avoid being caught 
again by the method by which they had been tagged. Trap shyness catchability factors of 
0.54.75 were estimated. Here we examine possible tests for trap shyness and investigate their 
power under various scenarios involving different numbers of releases and of landed fish 
examined for tags. We also examine possible estimates .of trap shyness under various 
assumptions. 

The purpose of the analysis was: 

(1) to determine the number of releases (nl) by method and the number of fish examined for 
tags (nz) by recapture method that will allow an adequately powerful test for the existence 
of trap shyness; 

(2) to determine the accuracy and precision of mark rate odds ratio estimators of the trap 
shyness factor, z, that will be achieved for various nl and nz; 

(3) to validate the significance levels of various potential test statistics for trap shyness; 
(4) to determine the best test statistic to detect trap shyness. 

We simulated a tag-recapture experiment in a proposed stratum of the SNA 8 fishery (Ninety 
Mile Beach). We simulated release by trawl and longline and the examination of trawl and 
longline catch for recaptured tags. Because of the limited amount of longline fishing in SNA 8 
we simulated only small numbers of longline releases and recaptures. We assumed that the 
release of tagged fish and their subsequent movement will result in their occurring randomly in 
the stratum population. 

2. METHODS 

2.1 Outline 

We assumed a length distribution in the population. We simulated the release of tags by 
resampling from a set of trawl release events and from a set of line release events. We then 
simulated parametrically the number of tagged fish that died immediately from tagging trauma 
(initial mortality). We also simulated parametrically an experiment to estimate these initial 
mortality probabilities. We simulated the examination of landings for tags by resampling from a 
set of trawl landings and from a set of line landings. We simulated parametrically the numbers 
of tags recaptured from each landing examined. Hypothesis tests were then carried out and 
estimators were calculated from each set of simulated data. Perfonnmce was obtained from the 
results of 1000 simulations. 

2.2 Population length composition 

The population length composition was based on SNA 8 model predictions of numbers at age 
for 1997-98 from Davies et al. (1999). Age was converted to length using a synthetic age- 
length key described by McKenzie et al. (2000). Mean length at age was obtained from von 
Bertalanffy parameters given by Davies et al. (1999). Variation around the mean was generated 
by the normal distribution using standard deviations linearly related to age that were estimated 



'from trawl survey and market sample data from -1989 to 1998 (McKenzie et al. 2000). We 
denote the population numbers by length class .by { kj ) where j = A, B,. . .M denotes: 5-27, 

28-29, 30-31, 32-33, 34-35, 36-37, 38-39, 40-41, 42-43, 44-45, 46-48, 49-51, and 
52+ cm. 

2.3 Releases 

We simulated trawl release events by resampling from the 1990 trawl releases in the Ninety 
Mile Beach area, after they had been modified to be consistent with 1997-98 spring single 
trawl length distribution estimates obtained by Walsh et al. (1999). A set of scalars was 
obtained that converted the number in each length class in the total length distribution of the 
1990 releases to that of the 1997-98 distribution. These scalars were then applied to the 
individual trawl release events. The betweenevent variation in the 1990 releases was therefore 
retained in the simulated trawl release events. In each simulation the modified release events 
were resampled with replacement until a target number of fish was tagged. No longline data 
were available from SNA 8. The longline release events from the 1994 SNA 1 tagging 
programme were modified to be consistent with the estimated length distribution in the 
population in 1997-98 described above, i.e., all lengths were assumed to be equally catchable 
by longline. As for the simulated trawl releases, a set of scalars that converted the total release 
distribution to the 1997-98 distribution was applied to the individual longline release events. In 
each simulation these were resampled with replacement until a target number of fish was 
tagged. 

The simulation of longline releases so that they had the same length distribution on average as 
the population was probably unrealistic. A difference between the length distributions would 
make estimation more problematic. 

In 1992 and 1994, experiments were performed to estimate the probabilities of snapper 
surviving tagging trauma. Previous analyses of these data showed that the survival of trawl 
caught fish depended upon their length and the size of the catch (McKenzie & Davies, unpubl. 
results, Gilbert & McKenzie 1999). The survival of longline caught fish depended upon depth. 
We grouped the trawl caught fish in the mortality experiments into the length classes defined 
above and the catch size classes: 50-99,100-149,150-199,200-299,300-499, and 500+ kg. 
We grouped the longline caught snapper into the depth classes: 0-10, 11-20, 21-30, 31-40, 
and 41+ m. The survival probabilities; {s,), were estimated by the number alive at the end of 
the experiment divided by the original number in the group (Tables 1 and 2). These ratios were 
then taken to be the true probabilities of survival. 

The random variable of number surviving, N;, , was simulated by a binomial distribution as, 

Nb - B(nh ,sg ) , where nb is the number of fish released in catch size or depth class group g, 

and sg is their survival probability (Tables 1 and 2). We will denote random variables by upper 
case and values they take, as well as other constants, by lower case. Neither sg nor the value 
taken by N& in a simulation, , is known to the hypothetical experimenter. 

Each simulation also included an estimation of survival probabilities from a simulated initial 
mortality experiment. For each group, g, an estimated survival probability, ig, was obtained by 

drawing a binomial variate from B(< , s,) and dividing by <, , the number of fish in the group 

in the actual survival experiment. That is, each simulation involved a new survival experiment 



with similar characteristics to the actual experiment. Therefore, the number of fish the 
experimenter estimates to survive from nl,  releases ilg = $nIg . 

The extent to which initial mortality experiments replicate the conditions that tagged fish 
encounter during and immediately after tagging is uncertain. Results from the 1992 and 1994 
experiments were highly variable (McKenzie & Davies, unpubl. results, Gilbert & McKenzie 
1999). We therefore sought estimators and hypothesis tests that were independent of initial 
mortality. 

2.4 Recaptures 

We simulated the examination of trawl landings for tags by resampling from the 1990 trawl 
landings, after they had been modified to be consistent with 1997-98 spring single trawl length 
frequency estimates. As described for releases, a set of scalars that converted the total trawl 
landings distribution to the 1997-98 distribution was applied to the individual landings events. 
In each simulation these were resampled with replacement until a target number of fish 
examined was reached. The longline landings examined from the 1994 SNA 1 tagging 
programme were modified to be consistent with the length distribution in the population in 
1997-98 estimated above. As above, a set of scalars that converted the total landings 
distribution to the 1997-98 distribution was applied to the individual longline landings. In each 
simulation these were resampled with replacement until a target number of fish examined was 
reached. 

We used the binomial distribution to simulate random variation in the number of recaptures of 
trawl released tags by trawl and by longline, M, - B(%T j, Pn j) and MTLj - B ( T z ~ ~ ,  PTV) , 

where n2= and %L are the numbers of fish examined for tags in length class j, caught b i  

trawl and line, respectively. The probability of recapture when the release and recapture 
methods were the same was z times that when they were different. The parameter, n; is 
unknown to the experimenter. Hence, the recapture probabilities for trawl releases in length 
class j, (unknown to the experimenter) are random variables, 

zN;Ti N k j  and PW =-, 
p"' = kj -( l -z)~;r t  ki 

where kj is the number of fish in length class j in the population. Similarly, we simulated the 
recapture of longline released tags, MLT - B(n2T j, PLT j) and M K p  - B(%,, P,) where 

An observed value of Mnj is denoted mm, etc. Alternative simulations where true values of z 
were 1.0 (no trap shyness), 0.8, and 0.6 were camed out. 



2.5 Estimates of trap shyness 

The term "mark rate" refers to the proportion of tagged fish in the population. Mark rates 
estimated from landings will vary with fishing method if trap shyness exists. We can therefore 
use mark rate odds ratios as estimators for trap shyness, by conditioning on release method, 

where for length class j, MLv is the random variable of number of fish released by longline and 
recaptured by trawl, nm is the number of trawl caught fish examined for tags, etc. Each 
estimator is a ratio of fish released by a single method. Therefore the effects of initial mortality 
cancel and do not need to be estimated. If we assume that trap shyness is the same for both 
methods we can obtain an estimator for z from the geometric mean of k j  and iZT , 

Our estimators are undefined if the denominators are zero. Under the null hypothesis of no trap 
shyness, each of these estimators should take values near 1. 

An approximate estimator of the coefficient of variation of 4 is given by, 

Gilbert et al. (in press). We calculated f i j  for each length class j, and formed a weighted mean, 

weighting by the squared inverse of &(lij). This is an approximate inverse variance 

weighting, since the mean of E j  is approximately one under the null hypothesis. If any of the 

random variables Mu, MW MLTj, or Mw takes value zero, c?(gj) becomes infinite and the 

corresponding f t j  has zero weighting. 

2.6 Population size estimate 

In each simulation we estimated the population in each length class 

* 

and summed these to give a total population estimate, k . 



2.7 Tests for trap shyness 

2.7.1 Conditional binomial test 

We applied approximate hypothesis tests based on the derivation by Chapman (1952) for ratios 
of Poisson means. If X and Y are Poisson random variables with means 0 and q, then the 
conditional distribution of X,  given that X + Y = z, is binomial with parameters z and 8/(8 + q) 
(Johnson & Kotz 1969). 

The test was applied only to data aggregated over length class and the nz values were large 
enough that Mn and Mn, are approximately Poisson random variables. Their expected values 

and h, under the null hypothesis that n= 1 .  Hence, the are approximately - 
k k 

number of trawl-released fish recaptured by trawl, conditional on total trawl releases equalling 
mm + ~ T L ,  

The distribution does not depend on NiT or k, and is therefore unaffected by initial mortality. If 
the sum of these binomial probabilities from Xrr = 0 to XIT = mm is less than 0.05, we can 
reject the null hypothesis. We obtained the power of this test when a = 0.8 and 0.6 by dividing 
the count of the number of simulations in which the null hypothesis was rejected, by the total 
number of simulations. 

Similarly, 

and we can test the null hypothesis and determine the power of the test similarly. 

2.7.2 Weighted mean d test 

If we assume that the weighted mean d estimator is approximately normally distributed around 
1 ,  then we should reject the null hypothesis at the 5% level if d < 1 - 1.64x~?(8) , where 

The power of this test was estimated by the count of the number of simulations in which the 
null hypothesis is rejected, divided by the total number of simulations. 



2.7.3 Length class tests 

Under the alternative hypothesis that z < 1, the probability that Zj c 1 is greater than 0.5 for 

all j. This inequality was used in a randomisation test by Gilbert et aL (in press) and is exactly 
equivalent to the inequality used by Gilbert & McKenzie (1999), 

Let Q be the count of length classes in which IZj was less than 1. Under the null hypothesis this 

is distributed binomially, - B(13,O.S). Hence, if Q 2 10, we can reject the null hypothesis at the 
5% level (actually, p = 0.046). There were instances where both numerator and denominator 
were zero and Zj was undefined. If we delete such length classes, we require different values 

of Q for rejection. These are: Q 2 10 (13 non-null classes), 10 (12), 9 ( l l ) ,  8 (lo), and 8 (9). 
The power of the test was estimated by the count of the number of simulations in which the null 
hypothesis was rejected, divided by the total number of simulations, when n = 0.8 or 0.6. 

2.8 Simulation 

2.8.1 Assumed scenarios 

Simulations were carried out in two ways. In the first, length classes were amalgamated into a 
single class so that mark rates and recapture probabilities were independent of length. .These 
were called the homogeneous simulations (all simulations included lengthdependent initial 
mortality). In the second, release and recapture were simulated by length class. 

The population size, k, was set at 1.3 million, based on the recent stock assessment pavies et 
al. 1999). Simulations were carried out for four sets of target numbers of releases v1=, vln and 
of fish examined for tags, VZL and vn. Using these trial values, we determined the performance 
of the tests and estimators. 

Released Examined 
Scenario VI L V ~ T  VZL t.4T 
1 2 000 5 000 20 000 250 000 
2 2 000 5 000 35 000 250 000 
3 1 000 2 500 20 000 100 000 
4 5000 5 000 35 000 250 000 

The target numbers in Scenario 1 represent what we consider to be the maximum numbers 
practically achievable. Scenarios 2-4 represent alternatives. 



2.8.2 Simulation steps 

The simulated process is summarised as follows. 

Release 
Trawl and longhne methods 
used. 
Release events randomly 
selected until target release 
method number reached. 

Recapture 
Trawl and longline methods used. 

Landings events randomly selected 
until target number of fish 
examined by method is reached. 

Numbers and length Tagged fish mix Numbers and length distributions 
distributions differ between randomly amongst differ between landings. 
events. untagged fish. 

Initial mortality probability 
depends on catch size (trawl), 
depth (longline) and length 
class. 

Recapture probability depends on 
mark rate in length class, and is 
reduced by the factor, x, if release 
and recapture methods are the 
same. 

The following steps were carried out for both the homogeneous and the heterogeneous cases. 
For the homogeneous simulations, j takes only the value 1. 

(a) Resample with replacement from release events to get a set of numbers, {nlyi) and {nlTji), 
the numbers released in length class j, by longhne or trawl event i. Continue until the target 

M 
number is reached, i.e., x. j=A nlL ji 2 vlL . Similarly for trawl releases. 

(b) Simulate the numbers of fish surviving initial mortality using the binomial variate, N:vi for 

length class j, and longline release event i. The total number of surviving fish in length 

class j, n;4i = . Similarly for trawl releases. The "dotyy notation to indicate 

summation is omitted in other sections of this report. 

(c) Calculate the estimated surviving numbers of fish using the simulated initial mortality 
experiment to obtain iLj. and GTh. 

(d) Resample with replacement from the longline landings to get numbers examined, nzui in 
length class j and landing i. Continue until the target number is reached, i.e., xi xtAnzLji 2vZL. The number of fish examined for tags in length class j, 

1 1 2 ~  = xi %Lji . Similarly for trawl landings. 

(e) Simulate tag recapture numbers using the binomial variates, Mn ji - B(hT ji, Pn j) , etc, 

for n = 1.0,0.8, and 0.6. 

(f) For each value of n, calculate iZL , & j ,  and iZj for length class, j. Calculate overall 8L , 

& ,  and iZ by (i) using the homogeneous simulation, (ii) summing the length classes in the 



heterogeneous simulation and calculating the estimates from the totals, and (iii) forming a 
weighted mean iZ from the iZj 's in the heterogeneous simulation (not done for & and 

j2T 1. 

(g) Perform the conditional binomial tests and the iZ test, (i) using the homogeneous 
simulation, and (ii) summing the data from the length classes in the heterogeneous 
simulation and calculating the statistics from the totals. 

(h) Perform the length class test and the weighted mean B test in the heterogeneous 
simulation. 

(i) Estimate the total population, i , by (i) using the homogeneous simulation, (ii) summing the 

data from the length classes in the heterogeneous simulation, and (iii) summing the ij s in 

the heterogeneous simulation. 

Repeat steps (a) - (i) 1000 times and accumulate the statistics for each scenario. In practice, 
steps (a) - (d) were performed 1000 times first. Then steps (e) - (i) were repeated using 
alternative values for a but the same released and examined numbers from steps (a) - (d). 
Calculate the significance level (z  = 1) and the power of the tests (a = 0.8 and 0.6). 

3. RESULTS 

3.1 Release and recapture numbers 

Release, survival, and examined numbers by trawl and longline for the first 10 simulations of 
Scenario 1 are given in Tables 3-10. These data come from steps (a) - (d) in the simulation. 
Release numbers and numbers examined for tags can exceed their targets by moderate amounts. 

3.2 Numbers of tags found in the fish examined 

Step (e) simulates the numbers of tags found by release and recapture methods, {rnmj}, {mLTi), 
{mW) and {mw}. These numbers tended to be small (sometimes zero) when either the 
numbers of fish released or the numbers examined were small. The numbers for the first 10 
simulations of Scenario 1 are given in Tables 11-14 for z = 1.0. 

3.3 Estimates of trap shyness 

We wish to see how well iZL, 4,  and 8 (step (f)) estimate a. Summary statistics for 1000 

simulations of Scenario 1 are given by length class in Tables 15-20 for various values of x. 
These summaries do not include simulations where either numerator or denominator was zero. 
Such zeros were not uncommon in the longer length classes, especially for iZL. The estimators 
iZ,, 4, and iZ are unbiased under the homogeneity assumption. However, when they were 
applied after summing across length classes when heterogeneity by length was assumed, there 
was substantial positive bias in iZT and ii. for all values of z. The standard deviations of the 
estimators were also higher. The heterogeneity assumption often gave substantially different 



total numbers of recaptured tags from those obtained under the homogeneity assumption (see 
Tables 11-14). 

Although i2, was not biased under the heterogeneity assumption, this is a consequence of our 
assumption that, on average, the length distribution of the released fish was the same as that of 
the population. Some estimates of longline selectivity suggest that this is plausible, whereas 
others suggest that the smallest length classes may be under-represented in catches and 
therefore in releases (Gilbert et al. (2000), figure 2). If the distributions are the same, the 
longline mark rate in each length class will have the same mean value. Summing over length 
classes will therefore make the odds ratio numerator and denominator unbiased, even if length 
distributions in the trawl or longline landings examined differ from that in the population. 
Hence, because numbers are reasonably large, the estimator will be approximately unbiased 
(see Appendix 1 for proof). Since IZ, is of the same form as iZ,, iZ, would be similarly 
unbiased if the trawl release length distribution and that of the population were the same. It is 
also true that if, instead, the length classes examined from trawl were in the same proportions 
as those from longline, then I2, and iZ, would also be approximately unbiased (Appendix 1). 

Under the heterogeneity assumption, for a = 1.0, the weighted mean B had smaller bias and 
smaller standard deviation than obtained by summing length classes. However, for a = 0.6, the 
weighted mean 8 was no improvement over the estimator based on summed data. 

3.4 Test power results 

Under the homogeneity assumption in Scenario 1, the simulation estimates of the signifkance 
levels for XIT, Xu, and 8 were broadly similar to the intended level of 0.05 (Table 21). The 
power of the Xn test and especially the 8 test would be very likely to be sufficient to reject the 
null hypothesis if a = 0.6. The power of the tests if a = 0.8 would be only about 0.5. Because of 
lower recapture numbers, Xu performed less well. 

Under the heterogeneity assumption in Scenario 1, using summed length class data, the 
estimates of the significance levels for XIT and 8 were substantially lower than the intended 
levels. Corresponding estimates of pow& are therefore largely meaningless and these tests fail 
to perform as intended. Under the heterogeneity assumption, XLL performs as well as it does 
under the homogeneity assumption. This was a result of the assumption that the length 
distribution of the released fish was the same as that of the population and as described above 
this assumption could not be relied on. We must therefore treat the heterogeneity results for XU. 
with reservations. 

Population size estimates were unbiased for all values of aunder the homogeneous 
assumptions, but were always biased downwards when the summed heterogeneous data were 
used. 

Under the heterogeneity assumption in Scenarios 1,2, and 4, treating length classes separately, 
the simulation estimates of the significance level for Q were broadly similar to those intended 
(Table 22). However, the test was adequately powerful only when a = 0.6 and when the 
numbers of longline releases and fish examined for tags were high (Scenarios 2 and 4) 
(Figure 1). Our attempt to simulate very low numbers of longline releases and fish examined for 
tags (Scenario 3) resulted in so many length classes with zero recaptures that estimation and 
hypothesis testing almost always failed. Results from this simulation have therefore not been 
tabulated. 



Under the heterogeneity assumption, treating length classes separately, the simulation estimates 
of the significance level for the weighted mean f i  were substantially lower than the intended 
level in for all scenarios. Our assumptions in deriving this test were clearly invalid. When the 
numbers of longline releases and fish examined for tags were higher (Scenario 4) the bias was 
smaller and the performance of the test better. The significance level was still far from that 
intended. The population estimates based on weighted mean f i  and separate length classes 
were also biased, but bias was smaller in Scenario 4. 

4. CONCLUSIONS 

We have shown that if we could assume homogeneity of mark rates amongst length classes, 
unbiased estimators for a with moderate s.d.s are possible. We would also have a good chance 
of detecting trap shyness if xis less than 0.7, for an experiment of a feasible size. Our 
estimators would be independent of initial mortality. We have also shown theoretically that if, 
instead, the length classes examined from trawl were in the same proportions as those from 
longline, unbiased estimators are possible. 

Although it is possible that longline releases produce homogeneous mark rates, this cannot be 
generally assumed. Equal proportions by length classes examined between trawl and longline 
are also not generally true. Our estimators and tests did not perform well under assumptions of 
heterogeneity. We were unable to find an estimator for z that was not positively biased under 
heterogeneity. Taking a mean f i  , weighted by its inverse estimated variance, reduced the bias 
that existed when iZ was obtained from summed length classes, but only when x was fairly 
near 1. When z was well below 1 there was no reduction in bias. The estimates made by Gilbert 
et al. (in press) are therefore likely to be biased upwards. Our hypothesis test that depended on 
weighted mean iZ was also unsatisfactory. It appears that the approximate inverse variance 
weighting does not adequately down-weight the ratio when the denominator takes a very low 
value. 

The hypothesis test based on the number of length classes in which iZ was less than 1 was of 
adequate power only for Scenarios 2 and 4 and then only where values of x were well below 
one. The greater numbers of longline releases and longline fish examined for tags in 
Scenarios 2 and 4 appear to be necessary. This test would perform better if recaptures were 
from several areas, so that it would be based on multiple length x area classes. 

We conclude that an experiment at practicable numbers of releases and recaptures may not 
produce a satisfactory result with the estimators and tests described. The performance of these 
and any other trap shyness statistics are likely to be better with larger numbers of longline 
releases and recaptures than were assumed to be feasible here. Alternative estimators or 
experimental designs that may perform better are proposed in Appendix 2. 
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Table 1: Survival probabilities, s, from mortality experiments with trawl caught snapper by length 
class and size of catch as used in this report. Three values in the larger length classes where there 
were no data were assumed to be 1, based on the adjacent data. 

Length class (cm) 
A (25-27) 
B (28-29) 
C (30-31) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (40-41) 
1 (4243) 
J (4445) 
K (46-48) 
L (49-5 1) 
M (51+) 

Catch size (kg) 
50-99 100-149 150-199 200-299 300-499 500-t 
0.544 ' 0.450 0.389 0.344 0.486 0.393 
0.566 0.542 0.414 0.629 0.435 0.313 
0.761 0.609 0.636 0.700 0.650 0.304 
0.870 0.667 0.739 0.741 0.912 0.250 
0.738 0.73 1 0.722 0.647 0.741 0.375 
0.793 0.923 0.450 . 0.909 0.722 0.409 
0.833 0.647 0.750 0.692 0.750 0.636 
1 .OOO 0.800 0.800 1 .OOO 0.750 0.778 
0.778 1.000 0.909 1.000 0.857 0.647 
0.875 0.600 0.500 1 .OOO 1 .OOO 0.667 
1.000 1.000 1 .OOO 1 .OOO 0.667 0.250 
1.000 1.000 1.000 1 .OOO 1.000 0.500 
1.000 0.667 0.750 0.750 0.778 0.750 

Table 2: Survival probabilities, s, from mortality experiments with longline caught snapper by 
depth as used in this report. 



Table 3: Numbers of fkh tagged by trawl by length class { } assuming mark rates vary amongst 

length classes (heterogeneity). The numbers are from the first 10 simulations in Scenario 1 with 
target total of 5000. 

Length class 
A B C D E F G H  I  J K L M  

Table 4: True survival numbers of tagged fish from Table 3 { T ( ~ ~  }. 

B C D E  
94 184 228 349 
131 216 218 286 
112 205 240 320 
132 225 242 372 
113 186 170 289 
77 122 190 323 
132 209 181 342 
119 219 271 305 
126 192 209 306 
103 207 204 372 

F G H  I J 
482 487 512 394 144 
447 430 418 321 136 
436 467 456 354 161 
592 497 478 426 130 
481 465 509 422 149 
473 477 466 372 189 
585 527 534 479 138 
485 417 453 387 159 
446 440 503 410 172 
595 526 486 390 152 

Length class 
.K L M  
67 144 314 
52 133 298 
75 177 390 
60 155 168 
64 153 342 
97 272 389 
61 - 166 228 
90 231 382 
90 193 408 
41 118 264 

Total 
5 178 
5 032 
5 322 
5 029 
5 010 
5 006 
5 178 
5 179 
5 299 
5 215 

Total 
3 566 
3 321 
3 603 
3 751 
3 562 
3 548 
3 804 
3 754 
3 702 
3 601 

Table 5: Simulated estimates of survival numbers of tagged fish from Table 3 { gTj ). 

A B C D E F G H I J  
193 103 166 216 325 453 440 518 374 150 
276 129 216 239 290 379 458 482 358 155 
239 118 242 232 321 382 483 437 415 179 
283 129 222 226 345 635 512 471 445 123 
223 104 181 175 268 512 437 540 370 142 
110 75 132 186 320 ' 509 425 434 368 184 
239 135 217 184 349 571 539 538 449 148 
232 145 225 283 312 486 404 457 325 175 
159 106 193 216 338 419 448 469 345 168 
143 109 186 200 360 533 408 612 417 159 

Length class 
K L M  
48 126 287 
45 131 301 
35 207 386 
66 156 186 
56 153 373 
128 255 417 
70 168 238 
101 243 357 
61 195 361 
95 147 230 

Total 
3 399 
3 459 
3 676 
3 799 
3 534 
3 543 
3 845 
3 745 
3 478 
3 599 



Table 6: Numbers of fish tagged by longline by length class {qy} assuming mark rates vary 

amongst length classes (heterogeneity). The numbers are from the first 10 simulations in Scenario 1 
with target total of 2000. 

Length class 
A B C D E F G H I  J K L M T o t a l  

Table 7: True survival number of tagged fsh from Table 6 { n& ). 

Length class 
A B C D E F G H  I J K L M T o t a l  

198 303 182 201 128 109 105 83 94 146 136 71 113 1869 
191 288 212 222 140 136 128 82 103 127 127 66 113 1935 
194 281 184 212 165 172 148 69 103 90 118 49 102 1887 
186 272 157 188 136 150 136 79 116 143 148 76 137 1924 
222 327 173 185 140 132 131 76 94 110 117 67 142 1916 
147 255 162 203 151 159 145 102 102 143 146 65 111 1891 
205 301 183 234 167 170 145 85 95 133 124 59 94 1995 
190 242 153 206 153 171 147 107 103 122 152 60 89 1895 
199 311 220 242 149 154 131 101 100 165 141 72 123 2 108 
136 263 136 194 168 172 130 98 108 143 152 63 113 1876 

Table 8: Simulated estimates of survival numbers of tagged fish from Table 6 { g4' }. 

A B C D E F G H I  J 
197 308 181 199 133 107 107 83 95 142 
186 290 218 224 145 136 127 81 104 128 
196 283 181 212 164 168 148 71 99 88 
189 274 160 181 139 149 134 79 118 141 
231 321 175 185 136 129 130 73 98 110 
146 244 157 202 153 160 142 107 101 137 
203 299 190 233 169 170 143 81 94 134 
189 240 147 207 159 171 149 109 103 127 
207 314 223 249 152 157 135 99 102 163 
139 259 137 196 169 167 134 95 104 138 

Length class 
K L M  

137 70 118 
127 67 111 
112 48 103 
149 75 137 
119 70 140 
149 64 110 
125 58 92 
149 61 88 
141 69 119 
160 65 122 

Total 
1 877 
1 944 
1 873 
1 925 
1917 
1 872 
1 991 
1 899 
2 130 
1 885 



Table 9: Numbers of trawl caught fsh by length class examined for tags { % T j )  assuming mark 

rates vary amongst length classes (heterogeneity). The numbers are from the f m t  10 simulations in 
Scenario 1 with target total of 250 000. 

Length class 
A B C D  E F G  H I J K L M Total 

Table 10: Numbers of longline caught fish by length class examined for tags { %v } assuming mark 

rates vary amongst length classes (heterogeneity). The numbers are from the first 10 simulations in 
Scenario 1 with target total of 20 000. 

Length class 
L M 

479 1053 
603 1 147 
481 1135 
560 1482 
531 1 199 
585 1315 
498 933 
773 1564 
581 1259 
489 1018 

Table 11: Tags found from trawl release and trawl recovery { nz,j ) in the fmt 10 simulations of 

Scenario 1 with no trap shyness, a = 1. 

Length class 
A B C D  E F G H  I J K L M  
25 11 38 76 118 125 149 210 114 25 13 26 69 
15 7 34 45 81 120 128 193 85 20 7 13 61 
7 6 40 57 105 133 150 172 109 22 11 29 51 
21 12 22 58 108 154 151 208 120 20 7 24 36 
19 6 26 43 101 146 163 223 109 17 7 32 76 
11 7 20 47 109 131 138 193 97 21 13 55 86 
7 13 27 48 95 162 172 255 137 19 15 32 34 
17 10 32 82 100 187 125 166 119 32 12 38 74 
15 1 29 53 92 141 127 176 119 17 12 36 78 
8 5 31 34 110 199 151 202 116 15 2 21 65 

Summed 
999 
809 
892 
941 
968 
928 

1016 
994 
896 
959 

Homogeneous 
718 
656 
719 
694 
686 
685 
737 
759 
737 
694 

Total 
20 083 
20 450 
22 981 
21 239 
20 383 
20 469 
20 010 
20 790 
20 925 
20 155 



Table 12: As in Table 11, but tags found from longline release and trawl recovery { % }. 

Length class 
A B C D  E F G H I J K L M  
11 23 32 49 44 44 30 21 16 25 15 12 30 
13 15 29 40 46 36 33 36 26 18 17 15 19 
12 20 30 59 59 54 36 32 32 16 32 12 15 
11 23 25 45 38 46 52 30 39 31 20 10 20 
16 22 23 46 40 25 40 25 35 20 17 9 24 
14 17 20 51 34 45 39 41 25 13 22 13 23 
4 16 24 42 53 43 48 35 32 18 18 10 28 
21 20 28 56 53 55 44 48 22 13 15 14 26 
8 20 50 62 51 53 38 58 35 26 21 13 33 
4 16 15 42 51 57 52 53 25 21 26 18 26 

Homogeneous 
401 
357 
347 
374 
353 
373 
408 
388 
462 
380 

Table 13: As in Table 11, but tags found from trawl release and longline recovery { % }. 

Length class 
A B C D  E F G H  I J K L M  
4 2 1 4  5 9 1 1  5 3 0 1 0  5 
4 6 3 2  4 1 7  9 4 0 0 1  2 
6 3 2 6  5 2 6 8 5 0 0 1  4 
6 5 1 4  8 9 5 ' 8  4 1 0 0  7 
6 5 3 2  7 2 5 4 2 0 0 0  1 
2 2 2 3  9 5 8 9 4 2 0 2  3 
4 5 1 4  9 3 7 9 3 0 1 0  3 
1 5 4 3  4 8 4 4 5 2 1 4  9 
4 7 0 7  7 1 4  8 2 0 1 2  4 
3 1 3 5 1 1  2 6 7 3 1 1 0  2 

Summed 
50 
43 
48 
58 
37 
51 
49 
54 
47 
45 

Homogeneous 
43 
69 
69 
52 
53 
62 
58 
63 
53 
56 

Table 14: As in 'Table 11, but tags found from longline release and longline recovery { Q ). 

Length class 
A  B  C  D E F G H I J K L MSurnmed Homogeneous 

28 
24 
30 
26 
36 
34 
42 
27 
39 
26 



Table 15: Summary statiftics of i2, from 1000 heterogeneous and 1000 homogeneous simulations of 
Scenario 1 with no trap shyness, ~r = 1. N+ is the number of non-zero simulations. 

Length class (cm) 1st qu. 

0.911 

0.713 
0.717 
0.565 
0.707 
0.764 
0.742 
0.803 
0.783 
0.728 
0.458 
0.315 
0.670 
0.767 
1.409 

Median 

0.993 

1.009 
1.027 
0.901 
0.986 
1.015 
1.040 
1.016 
i.wi 
0.987 
0.705 
0.450 
0.975 
1.043 
1.583 

Mean 

1.006 

1.312 
1.336 
1.002 
1.269 
1.199 
1.294 
1.246 
1.185 
1.274 
0.707 
0.496 
1.207 
1.273 
1.617 

3rd qu. 

1.077 

1.584 
1.609 
1.404 
1 A60 
1.353 
1.502 
1.413 
1.332 
1.520 
0.942 
0.653 
1.553 
1.493 
1.780 

Max. 

1.790 

7.203 
9.103 
3.047 
5.397 
8.265 
4.747 
8.39 1 
6.921 
4.724 
1.739 
1.117 
4.585 
5.486 
3.330 

Homogeneous 

A (25-27) 
B (28-29) 
C (30-31) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (40-41) 
I (42-43) 
J (44-45) 
K (46-48) 
L (49-5 1) 
M (51+) 
Summed 

Table 16: As for Table 15 with IZ = 0.6. 

Length class (cm) N+ Min. 1st qu. Median Mean 3rd qu. Max. 

Homogeneous 

A (25-27) 
B (28-29) 
C (30-31) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (40-41) 
I (42-43) 
J (44-45) 
K (46-48) 
L (49-5 1) 
M (51+) 
Summed 



Table 17: Summary properties of EL from 1000 heterogeneous and 1000 homogeneous simulations 
of Scenario 1 with no trap shyness, a = 1. N+ is the number of non-zero simulations. 

Length class (cm) N+ Min. 1st qu. Median Mean 3rdqu. Max. s.d. 

Homogeneous 1000 0.446 0.876 0.991 1.005 1.125 1.773 0.188 

A (25-27) 961 0.135 0.618 0.954 1.115 1.379 10.160 0.784 
B (28-29) 999 0.131 0.774 1.006 1.060 1.270 4.003 0.437 
C (30-31) 747 0.388 0.787 1.193 1.414 1.778 7.404 0.862 
D (32-33) 927 0.190 0.651 0.980 1.080 1.386 4.205 0.601 
E (34-35) 914 0.205 0.618 0.975 1.068 1.411 3.528 0.577 
F (36-37) 682 0.495 0.855 1.216 1.467 1.866 4.715 0.785 
G (38-39) 867 0.318 0.640 1.133 1.272 1.686 5.204 0.743 
H (40-41) 689 0.443 0.836 1.258 1.486 1.935 4.811 0.798 
I (4243) 622 0.475 0.994 1.411 1.709 2.199 6.966 0.970 
J (44-45) 559 0.623 1.102 1.546 1.875 2.309 11.95 1.183 
K (46-48) 612 0.418 0.979 1.389 1.675 2.064 7.225 0.978 
L (49-51) 566 0.526 1.119 1.514 1.897 2.315 8.888 1.175 
M (51+) 806 0.214 0.699 1.072 1.284 1.700 4.704 0.770 
Summed 1000 0.428 0.866 1.003 1.006 1.139 1.871 0.199 

Table 18: As for Table 17 with ~r = 0.6. 

Length class (cm) 

Homogeneous 

A (25-27) 
B (28-29) 
C (30-3 1) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (40-41) 
I (42-43) 
J (44-45) 
K (46-48) 
L (49-5 1) 
M (51+) 
Summed 

Min. 

0.139 

0.136 
0.082 
0.432 
0.227 
0.205 
0.489 
0.303 
0.428 
0.549 
0.566 
0.440 
0.436 
0.248 
0.165 

1st qu. 

0.507 

0.374 
0.437 
0.703 
0.403 
0.415 
0.802 
0.526 
0.760 
0.936 
1.013 
0.872 
0.986 
0.564 
0.500 

Median 

0.610 

0.601 
0.599 
0.883 
0.681 
0.683 
1.018 
0.692 
0.968 
1.151 
1.3 12 
1.208 
1.342 
0.824 
0.603 

Mean 

0.605 

0.769 
0.649 
1.127 
0.762 
0.789 
1.257 
0.893 
1.23 1 
1.388 
1.664 
1 A67 
1.583 
0.995 
0.608 

3rd qu. 

0.701 

0.968 
0.800 
1.366 
0.997 
1 .OM 
1.571 
1.133 
1.491 
1.629 
1.938 
1.831 
1.965 
1.257 
0.702 

Max. 

1.194 

7.976 
6.598 
6.297 
2.917 
3.052 
3.352 
3.391 
5.385 
5.682 

11.170 
6.146 
8.491 
5.523 
1.158 



Table 19: Snmmary properties of 5 from 1000 heterogeneous and 1000 homogeneous simulations 
of Scenario 1 with no trap shyness, x = 1. N+ is the number of non-zero simulations. 

Length class (cm) N+ Min. 1st qu. Median Mean 3rd qu. Max. s.d. 

Homogeneous 1 OOO 0.657 0.922 0.999 0.998 1.073 1.489 0.113 

A (25-27) 
B (28-29) 
C (30-3 1) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (4041) 
I (4243) 
J (44-45) 
K (46-48) 
L (49-51) 
M (51+) 
Summed 
Weighted mean 

Table 20: As for Table 19 with r = 0.6. 

Length class (cm) N+ Min. 

Homogeneous 1 000 0.271 

A (25-27) 
B (28-29) 
C (30-31) 
D (32-33) 
E (34-35) 
F (36-37) 
G (38-39) 
H (40-41) 
I (4243) 
J (44-45) 
K (46-48) 
L (49-5 1) 
M (51+) 
Summed 
Weighted mean 

1st qu. 

0.550 

0.455 
0.438 
0.554 
0.500 
0.509 
0.677 
0.55 1 
0.654 
0.707 
0.552 
0.447 
0.700 
0.583 
0.679 
0.685 

Median 

0.602 

0.612 
0.607 
0.707 
0.652 
0.644 
0.853 
0.693 
0.802 
0.868 
0.728 
0.555 
0.886 
0.745 
0.758 
0.768 

Mean 3rd qu. Max. 



Table 21: Significance levels, power of trap shyness tests, and population estimates. Significance 
level (when a = 1) and power (when n = 0.6,O.S) of the hypothesis tests, Xm, XLL and iZ (see text). In 
the homogeneous simulation, estimates were made using the total numbers of releases and 
recaptures. In the heterogeneous simulation, the data were summed over length class. iZ was used 

A 

in the estimator, k .  The intended signEcance level was 5%. in each line, the estimates of 
probabilities and expected value are based on 1000 simulations. The results for XLL under the 
heterogeneous simulation depend on the longline release length frequency equalling that for the 
population (bracketed). 

True value Statistic 
R xm XU 3 k̂  

Probability of rejecting the null Expected 
hypothesis value 

Scenario 1 
Homogeneous 

Heterogeneous (summed) 

Table 22: Significance levels and power of trap shyness tests, trap shyness estimates and population 
estimates. Significance level (when a = 1) and power (when a = 0.6, 0.8) of the hypothesis tests, Q 

CL 

and weighted mean & (see text). The weighted meanii. was used in the k estimator. The intended 
significance level was 5%. In each line the estimates of probabilities and expected values are based 
on 1000 simulations. 

Scenario 1 
Heterogeneous 

Scenario 2 
Heterogeneous 

Scenario 4 
Heterogeneous 

Statistic 
Weighted mean Weighted mean 

?r e 2 72 i 
True value Probability of rejecting the 

null hypothesis Expected value 



Figure 1: Estimated power of the binomial count test, Q, from Scenarios 1,2, and 4. For Scenario 1 
release numbers were VIL = 2 000 and VIT = 5 000, and fish examined werevz = 20 000 and vzT = 
250 000, etc 
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APPENDIX 1 

We will show that mark rate odds ratio estimators of trap shyness, & and itT, based on 
summing length classes, are approximately unbiased under certain assumptions. If either the 
expected values of the numbers released by length class are proportional to those in the 
population, or if the numbers examined for tags by length class from longline catch are 
proportional to those from trawl catch, then i2L and itT are approximately unbiased. 

We will prove this for &. The proof for fiT is analogous. 

Suppose that n b  = ~ k ~ ,  where K is the common mark rate assumed to be small. Then, using 

the binomial variance and the method of statistical differentials (Kotz & Johnson 1982), and 
ignoring the variability in the {n2rj), 

The denominator in the second term in the square brackets is the expected total number of 
recaptures by trawling. We assume that this is sufficiently large that the term can be ignored. 



Suppose, alternatively, that %q = K- . Then, again assuming low mark rates in all length 

classes, 

Again, the denominator in the second term in the square brackets can be assumed to be large 
and the term can be ignored. 

APPENDIX 2 

We offer several proposals that may improve the performance of a tag recapture experiment to 
test for and estimate trap shyness. These arise from the above work but we did not have time to 
test them. 

1. Organise tag releases to make release length distributions the same as that of the 
population. Target numbers to be tagged by length class could be obtained from stock 
assessment models. Fish would be tagged in each size class until a target number was 
reached. 

2. Organise the examination of fish for tags to make recapture length distributions the same 
for both methods. Running totals by length class for each method could be recorded and 
fish could be selected to maintain equality of distributions. 

3. The mark rate odds ratio estimators could be modified so that the length classes for longline 
recaptures are weighted to compensate for inequality between the length distributions. Let 

Y j =  n2gL and define 



Hence, 

The corresponding estimator, 6, may be defined similarly. 
4. The weighted mean estimator may possibly be improved by the omission not only of length 

classes with zero recapture numbers but also those with one or two recaptures in any 
category, say. It may also be possible to find better weightings. 

5. An entirely different approach may be called for. Estimation of ~c and the numbers in each 
length class by maximum likelihood may be more satisfactory. This would allow a 
Likelihood ratio test of the null hypothesis. 


