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A SAMPLING DESIGN 
FOR DETECTING DIFFERENCES IN CATCH RATES 
BETWEEN SURFACE AND SUBSURFACE DRIFTNETS 

IN THB NORTH PACIFIC SQUID DRIFTNBT FISHERY 

ABSTRACT 

This paper provides guidelines for designing a sampling 
program to estimate changes in bycatch rates in the squid 
driftnet fishery through the use of subsurface driftnets. The 
basic experimental unit is one vessel operation consisting of 4 
or 5 subsurface and 4 or 5 surface driftnet sections (equal 
number of sections of each type). Two methods are used to 
determine the number of vessel operations necessary to detect a 
50% decrease in mean bycatch rates when using subsurface nets 
with power (the probability of rejecting the null hypothesis when 
it is false and the alternative hypothesis is true) of at least 
0.90 at the 0.05 significance level. Method I consists of power 
analysis for a test of hypothesis of the difference in two means. 
Log-transformed, non-zero bycatch data from the 1989 Japanese 
squid driftnet vessel observer program are used to determine 
sample sizes, which are then expanded to account for operations 
with zero bycatch. Method II consists of simulating bycatch 
rates from a Poisson distribution and counting the number of 
operations necessary for a paired t-test to detect a difference 
in the net types with specified power. Using each methodology, 
optimal sample sizes were determined for a variety of fish, 
marine mammal and seabird species. The validity of the two 
methods was evaluated. Based on this evaluation, 1,160 
independent commercial driftnet operations were proposed as the 
optimal sample size from which to measure bycatch. 



INTRODUCTION 

In 1989 the International North Pacific Fisheries Commission 
established a Special Committee to examine alternate fishing 
technologies and related topics relevant to the high seas 
driftnet fisheries. The terms of reference of the Committee 
included an assignment to study, analyze, and exchange scientific 
information on the "Consideration of the possibility of utilizing 
the improved or alternate fishing technique". In response to 
that assignment, Japan announced its intention to conduct 
experimental surveys on the effectiveness of subsurface driftnets 
to reduce the catch of nontarget species. 

The usefulness of the surveys depends upon the likelihood of 
detecting a change, or lack of change, in bycatch rate of 
subsurface compared to surface driftnets. This likelihood is 
affected by sample size, variability in bycatch rate, and the 
size of the hypothesis test. There are two errors of the 
hypothesis test of which one must be aware. A type I error 
occurs when the null hypothesis--that there is no change in 
bycatch rate--is rejected when in fact there actually is no such 
change. A type II error occurs when the null hypothesis is 
accepted when a change in bycatch rate actually occurs. 

This paper provides guidelines for designing a sampling 
program'to estimate changes in bycatch rates in the commercial 
fishery through the use of subsurface driftnets. It gives the 
manner that the driftnets should be deployed and retrieved, 
location that the vessels should operate, and appropriate data to 
collect. In addition to the guidelines, two statistical 
methodologies are given for determining the sample size necessary 
to ensure a powerful test of hypothesis. Method I includes power 
analysis using log-bycatch rates of nontarget species. The 
determined sample sizes are then expanded to account for 
operations with zero bycatch. Method II includes simulating 
Poisson distributed bycatch rates and counting the number of 
operations necessary for a paired t-test to detect a difference 
in the net types with specified power. The validity of the two 
methods is then evaluated. Based on this evaluation, optimal 
sample sizes are recommended. 

THE EXPERIMENTAL DESIGN 

The basic unit of the experimental design is a vessel 
operation, i.e., each vessel deploying each night one driftnet 
consisting of eight or ten net sections. An operation should 
consist of an equal number of surface and subsurface net 
sections. Each net section should be approximately the same 
length in tans. Net sections should be arranged so that the 
first four or five driftnet sections deployed are of one type, 
e.g., surface driftnets, and the second four or five driftnet 
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sections are the remaining type, e.g., subsurface driftnets. 
(Although alternating the net types during deployment is 
preferred for an experiment of this type, it is not practical at 
s~a.) Once an operation begins, net sections should be deployed 
without interruption until the set is complete. Upon retrieval, 
net sections should be retrieved in the same order in which they 
were deployed to minimize differences in the time that the two 
net types fished. 

During retrieval, observers should count the number of 
individuals of each bycatch species incidentally caught in each 
of the two net types. The counts provide two bycatch rates for 
each species caught in a vessel operation. For example, the 
bycatch rate for salmonids in a surface driftnet will be the 
total number of salmonids caught in the surface driftnet sections 
divided by the total number of tans of surface driftnet. The 
bycatch rate for salmonids caught in subsurface driftnets will be 
determined similarly. These two measurements will provide the 
information regarding possible differences in the mean bycatch 
rates of the two net types. 

Each vessel operation will be independent and follow the 
same plan as outlined above. An independent vessel operation 
means that no vessel works in conjunction with any other vessel. 
(Independence eliminates the possibility of array fishing. 
Nearby driftnet operations may affect the bycatch rates of the 
two net types.) The number of vessels used may be less than the 
number of vessel operations, i.e., a vessel may deploy several 
operations. The location of each vessel operation should not be 
restricted to one area but be representative of areas fished by 
commercial vessels during the sampling period. 

The order of net deployment should be randomized prior to a 
vessel's embarkation. The randomization may include, for 
example, deployment of surface driftnets for the first four or 
five driftnet sections and subsurface driftnets for the last four 
or five sections. The next day, however, the vessel may deploy 
nets in the reverse order--subsurface driftnets first, and 
surface driftnets last. (Practical issues may make this 
configuration infeasible. Unobserved operations may have to 
occur between observed operations to arrange the nets in the 
order specified by the randomization scheme.) 

This experimental plan assumes that all other factors 
affecting the bycatch rates within an . operation have been 
controlled. Vessel operators should fish the nets in as 
consistent a manner as possible to keep extraneous factors 
constant between the two net types. For instance, mesh size and 
length of net section should be kept constant. Ensuring that the 
two net types are as similar as possible and exposed to areas as 
similar as possible is imperative to the success of this 
experiment. 
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SAMPLE SIZE DETERMINATION 

To complete the experimental design, the necessary number of 
independent vessel operations to ensure a powerful hypothesis 
test is determined. 

The hypothesis to test is: 

= 

= 

the mean bycatch rate of a particular nontarget 
species using a subsurface driftnet, and 
the mean bycatch rate of a particular nontarget 
species using a surface driftnet. 

This test is of interest for each of the following nontarget 
species: albacore, salmon, blue shark, northern fur seals, Dall's 
porpoises, dolphins, albatrosses, shearwaters, puffins, Leach's 
storm petrels, and other seabirds. The following criteria for 
the hypothesis test are desired: 0. 05 as the significance level·~ 
0.90 as the desired power, and 2.0 as the ratio of surface-to
subsurface mean bycatch rates to detect • . 

The two statistical methodologies employed in determining 
the sample sizes for each nontarget species are discussed below. 

Method I 

A hypothesis equivalent to the one above in the natural 
logarithm scale is: 

Under the assumption of normal log-bycatch rates with equal 
variances, this hypothesis is equivalent to: 

where: µ,. = 

f..'2. = 

the mean of the log-bycatch rates of a particular 
species using a subsurface driftnet, and 
the mean of the log-bycatch rates of a particular 
species using a surface driftnet. 

3 



The test to detect a ratio of 2 of surface-to-subsurface 
mean bycatch rates is equivalent to detecting a difference in the 
mean log-bycatch rates of log(2). With this information and an 
estimate of experimental error variance, the sample size 
necessary to achieve a power of at least 0.90, given a 0.05 level 
of significance, can be determined. Winer (1971) outlines the 
methodology of determining the appropriate sample size for the 
above one-sided pooled sample t-test. (The paired t-test was not 
used because of current lack of data regarding the distribution 
of the differences in the log-bycatch rates of the two net 
types.) 

Each noncentral-t table contains the probability of a Type 
II error for a one-sided test of given significance level for 
various noncentrality parameters 8, where: 

and: 
n 

D 
s 

= 

= 
= 

8 = D•r;;-
s•/-;-

the number of blocks, i.e., the number of 
independent vessel operations, 
the difference desired detected in the means, and 
the estimate of the pooled standard deviation. 

For this experiment, the noncentrality parameter is 

The sample variance of the log-bycatch rates of the 1989 Japanese 
squid driftnet vessel observer program data (Int. North Pac. 
Fish. Comm., 1990) for a given species provides an estimate of 
the experimental error variance. Because a power of at least 
0.90 is desired, the probability of a Type II error, p, has to be 
less than 0.10. Given p and 8 the noncentral-t table reproduced 
in Winer (1971, Table C.13) provides n, the number of independent 
vessel operations necessary. 

The power analysis for this hypothesis test of the 
difference in two means is dependent upon the assumption that the 
sample comes from two normal populations. The distribution of 
bycatch rates (catch per number of tans in four or five net 
sections) for any given species, however, is non-normal (Fig. 1). 
Applying the log-transformation to all of the data (or a function 
of the data, such as adding a constant), is not helpful, because 
of the large proportion of zero bycatch rates for most of the 
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species (Appendix A). Therefore, only non-zero catch rates were 
retained for the analyses and then log-transformed. The log
transformation simplified the analysis to a test of the 
difference in two means, and when applied to the non-zero data, 
the data were nearly normally distributed (Fig. 2). This log
transformation thereby allowed the use of normal statistical 
methods. 

Limitation of Method I 
The appropriateness of the sample variances of the log

bycatch rates as estimates of the experimental error variances is 
unclear. The estimates used include a between-block variance 
component which may inflate the variance estimates used to 
compute sample sizes. Also, using only non-zero bycatch rates 
prevents the existence of zero bycatch rates in either of the two 
net types. That is, by default both surface and subsurface rates 
were assumed to be non-zero values. Under the alternative 
hypothesis, however, operations with no bycatch in one of the net 
types are expected. This likely results in an underestimation of 
the error variances. These opposing factors make the assessment 
of the validity of the estimates of the error variances and, 
hence, the determined sample sizes for the various species nearly 
impossible. 

ExamplEt ,_of Method I 
I computed the number of vessel operations needed to detect 

a 50% change in the blue shark mean bycatch rate of surface and 
subsurface driftnets. This is equivalent to detecting a 
difference of log(2.0) in the mean of the log-bycatch rates of 
blue shark in the two gear types. The 1989 observer data 
provides an estimate of the experimental error variance of 2.155 
(see Appendix A). Using these data, o= 0.334*in , from Table 
C.13 in Winer (1971), a sample size of at least 81 independent 
vessel operations is necessary to assure power of at least 0.90. 

The number of observations decreased from 1402 in the 1989 
original data set to 1198 in the transformed data set--204 
operations in 1989 produced no blue shark bycatch. In using the 
transformed data, therefore, the experiment becomes conditioned 
on the fact that bycatch species are caught. That is, the number 
of operations, n, determined by the analysis outlined above, 
provides the desired power given that the bycatch species exists 
in the sampling areas. 

To account for those operations in which no bycatch occurs, 
the number of operations (n) was divided by p, the proportion of 
total operations in which bycatch occurs. Expanding n in this 
manner ensures that enough operations occur to offset the 
expected number with no bycatch. (Because confidence intervals 
for pare extremely narrow, the estimate for p was used, not its 
confidence limits.) 

5 



The proportion of 1989 operations encountering blue sharks 
is p=l198/1402=0.854. Hence, after expansion, (n/p)=(81/0.854)= 
94.8, i.e., 95 operations are necessary. That is, given that 
14.6% of the operations result in no bycatch, by deploying 95 
operations, 81.1 (or 95*0.854) operations should result in 
positive bycatch. 

The methodology outlined above was completed for the 
nontarget species or species groups of interest (Table 1). The 
determined sample sizes range from 54 for dolphins to 5,000 for 
Leach's storm petrels. Based on the analysis, the optimal sample 
size was selected as 250 independent operations. This sample 
size would ensure hypothesis tests of power at least 0.90 for all 
of the species of interest, except puffins, Leach's storm 
petrels, and other seabirds. 

Method II 

In Method II, two Poisson realizations were simulated--one 
for surface net bycatch counts and one for subsurface net bycatch 
counts. The surface net bycatch was simulated in two steps: 1) 
an operation location from the 1989 observer program was randomly 
selected, (only July and August 1989 data were used--the assumed 
time period of the 1991 research), and 2) a random number was 
generated from a Poisson distribution with a mean equal to the 
avera~e species bycatch rate (per 500 tans) in July and August of 
the 1 x1° block containing the randomly selected operation. The 
subsurface net bycatch was simulated from a Poisson distribution 
with a mean equal to one-half of the mean of the surface net. 

This simulation was repeated to create a sample of n "non
zero pairs" of observations. A "non-zero pair" is a pair of 
simulated realizations, neither of which are zero. If both 
realizations are zero, the two net-types cannot be distinguished. 
A "zero pair" (both realizations are zero) may occur one of two 
ways: 1) if the location randomly selected from the 1989 observer 
program data has a 1°x1° block mean species bycatch rate of o; or 
2) if the two realizations generated from Poisson distributions 
with non-zero mean bycatch rates are both zero. The total number 
of operations N necessary to create a sample of n "non-zero 
pairs" was counted. 

The square-root transformation of the Poisson realizations 
stabilized the variances of then paired observations. The 
paired t-test determined whether the test detected the difference 
in the means. This process was repeated 1,000 times. The power 
of the test is the proportion of samples of size n out of the 
1,000 generated samples that the test rejected. 
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The simulation program was run five times each for various 
sample sizes n. The total number of operations N necessary to 
create n "non-zero pairs" is random. Plots of the average of N 
(AVGN) versus the proportion rejected out of 1,000 (POWER) are 
shown for each species (Figs. 3-12). Because confidence 
intervals of AVGN for each species were relatively narrow (Table 
2), AVGN was used, not its limits. The intersection of the 
least-squares regression line through the points and the 
horizontal reference line of POWER 0.90 provided the appropriate 
total number of operations necessary to achieve power of at least 
0.90. 

Limitation of Method II 
Method II does not appear to provide an adequate model of 

the bycatch rates for albacore, blue shark and shearwaters. 
Figure 13 shows that the Poisson distribution does not adequately 
model the bycatch rates for these three nontarget species. The 
proportions of zero bycatch rates for these three species, based 
on generated samples of size 1,000, are less than the actual 
proportions of zero bycatch rates in the 913 July/August 1989 
operations (Table 3). The bycatch rates of these species are 
alike in two ways: 1) the proportions of 1°x1° mean zero bycatch 
operations are small; and 2) the 1°x1° mean bycatch rates are .. 
relatively large (Table 4). Thus, the probability of generating 
a zero bycatch rate is small. Not only are the mean bycatch 
rates mostly non-zero, but the large bycatch rates will result in 
a smaller number of Poisson realizations equal to zero; a Poisson 
distribution with a mean greater than or equal to 10 has an 
approximate normal distribution (Fig. 14), and therefore the 
probability that the random variable takes value O is near zero 
(Fig. 15). The underestimation of the proportion of zero bycatch 
operations for these species subsequently results in an 
underestimation of the necessary sample size to achieve optimal 
power. 

Example of Method II 
The simulation program was run five times each for sample 

sizes n between 7 and 10 for blue shark. The average number of 
operations (AVGN) necessary to create samples of "nonzero pairs" 
of these sizes ranged from 7.2 to 10.2. AVGN versus the POWER 
attained (Fig. 5) was plotted. The estimated regression line 
intersected the horizontal POWER line of 0.90 at the AVGN value 
of 8.4. Hence, the optimal sample size for blue shark is 9 
vessel operations. 

For most of the nontarget species, there was a significant 
increase in the optimal sample size from Method I to Method II 
(Table 5). Only the sample size for albacore, blue shark, 
shearwaters, and Leach's storm petrels decreased. The remaining 
nontarget species increased from as little as 108 operations to 
as much as 1,789 operations. Based on Method II analysis, 1,160 
independent operations were selected as an optimal sample size. 
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This sample size would ensure hypothesis tests of power at least 
0.90 for all of the species of interest, except puffins, Leach's 
storm petrels, and other seabirds. 

Evaluation of The Validity of Method I and Method II 

A reliable estimate of the experimental error variance is 
critical to the validity of Method I. Two opposing factors 
apparently contributed to the inappropriateness of the sample 
variance of the log bycatch rates as an estimate of experimental 
error variance. The first factor, the potential pooling of time, 
area, and vessel variability into error variability, resulted in 
a possible overestimate of the error variance (and hence 
overestimate of the optimal sample size). A second factor was 
the decision to use only nonzero bycatch rates in the analysis, 
thus preventing the existence of zero bycatch rates in either of 
the two net types. That is, both surface and subsurface rates 
were assumed to be non-zero values by default. Under the 
alternative hypothesis, however, operations with no bycatch in 
one of the net types are expected. This factor likely 
contributed to the underestimation of the error variance (and 
hence an underestimate of the optimal sample size). These two 
opposing factors make assessment of the validity of Method I 
difficult, because the factor that contributed most to the 
resultant estimate of the error variance is unknown. 

Method II provides an adequate model of the bycatch rates 
for salmon, northern fur seals, Dall's porpoises, dolphins, 
albatrosses, Leach's storm petrels, and other seabirds. The 
proportions of zero bycatch rates for these species, based on 
generated samples of size 1,000, are similar to the actual 
proportions of zero bycatch rates in the 913 July/August 1989 
operations (Table 3). Furthermore, distributions of actual and 
simulated bycatch rates appear similar (Fig. 16). This evidence 
supports the validity of the model of Method II for all species 
except albacore, blue shark, and shearwaters. 

RECOMMENDATION 

Method II is the preferred method. The results based on 
Method I cannot be satisfactorily evaluated, because of the 
unknown effects of the estimate of the experimental error 
variance. Method II, however, can be evaluated. Method II 
provides an adequate model for most of the nontarget species of 
interest. 

Based on the above assessment of the validity of the two 
methods, 1,160 independent operations is the sample size 
necessary to achieve optimal power in testing the differences of 
the two net types. 
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Table 1. Summary of recommended sample sizes for 
various nontarget species (Method I). 

(1) (2) (1)/(2) 
SPECIES RECOMMENDED PROPORTION OF RECOMMENDED 

SAMPLE SIZE POSITIVE 1989 SAMPLE SIZE 
BEFORE BYCATCH AFTER 

LOADING OPERATIONS LOADING 

Albacore 70 0.750 94 

Salmon 10 0.041 244 

Blue Shark 81 0.854 95 

No. Fur Seals 13 0.090 145 

Dall's Porpoises 9 0.068 133 

Dolphins 17 0.319 54 

Albatrosses 16 0.208 77 

Shearwaters 52 0.629 83 

Puffins 18 0.007 2572 

Leach's St. Petrels 30 0.006 5000 

Other Seabirds 9 0.029 311 
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Table 2. Summary table of the average width of 95% 
confidence intervals of AVGN for each of the 
nontarget species. 

SPECIES Avg. Width of AVGN 
conf. interval 

Albacore 0.09 

Salmon 16.50 

Blue Shark 0.06 

No. Fur Seals 8.45 

Dall's Porpoises 16.86 

Dolphins 2.29 

Albatrosses 3.84 

Shearwaters 0.33 

Puffins * N/A 

Leach's st. Petrels 79.48 

Other Seabirds 30.21 

* No puffins were incidentally caught in July/August 1989. 
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Table 3. Verification of simulation model. The 
average proportion of zero species bycatch 
rates when the simulation program generates 
samples of size 1000 is compared to the 
actual proportion of zero species bycatch 
rates of the 913 July/August 1989 fishing 
operations. 

SPECJ:ES 

I 
GENERATED ACTUAL PROPORTJ:ON 

PROPORTJ:ON OF OF JULY/AUG 1989 
ZEROES ZEROES 

Albacore 0.074 0.225 

Salmon 0.942 0.940 

Blue Shark 0.022 0.146 

No. Fur Seals 0.896 0.895 

Dall's Porpoises 0.946 0.934 

Dolphins 0.668 0.683 

Albatrosses 0.789 0.777 

Shearwaters 0.226 0.372 

Puffins N/A 1.000 

Leach's st. Petrels 0.989 0.995 

Other Seabirds 0.968 0.967 
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Table 4. Summary statistics indicating distribution of 
1°x1° mean bycatch rates of various species. 

SPECIES 

I 
PROPORTION OP AVERAGE OP 
JULY/AUG 1989 1°x1° MEAN 

OPERATIONS WITH BYCATCB RATES 
1 °x1 ° MEAN OP ZERO 

Albacore 0.039 26.269 

Salmon 0.655 0.047 

Blue Shark 0.004 17.278 

No. Fur Seals 0.566 0.102 

Dall's porpoises 0.665 0.045 

Dolphins 0.145 0.350 

Albatrosses 0.243 0.250 

Shearwaters 0.035 4.105 

Puffins 1.000 0.000 

Leach's Storm Petrels 0.945 0.011 

Other Sea Birds 0.786 0.025 
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Tables. Summary of optimal sample sizes for the two 
methodologies for various nontarget species. 

SPECIES Optimal Optimal Differential 
Sample Sample (2) - (1) 
size Size 

(Method I) (Method II) 
(1) (2) 

Albacore 94 7 -87 

Salmon 244 1105 +861 

Blue Shark 95 9 -86 

No. Fur Seals 145 560 +415 

Dall's Porpoises 133 1160 +1027 

Dolphins 54 162 +108 

Albatrosses 77 238 +161 

Shearwaters 83 25 -58 

* * Puffins 2572 N/A N/A 

Leach's st. Petrels 5000 4840 -160 

Other Seabirds 311 2100 +1789 

No puffins were incidentally caught in July/August 1989 . 
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FREQUENCY OF BLUE SHARK 
CATCH RATE= catch per 500 tans 

BSK CUM CUM 
MIDPOINT FREQ FREQ PERCENT PERCENT 

0 ******************************** 645 645 46.01 46.01 
10 **************** 328 973 23.40 69.40 
20 ******* 140 1113 9.99 79.39 
30 **** 70 1183 4.99 84.38 
40 ** 47 1230 3.35 87.73 
50 * 29 1259 2.07 89.80 
60 ** 33 1292 2.35 92.15 
70 * 18 1310 1.28 93.44 
80 * 19 1329 1.36 94.79 
90 9 1338 0.64 95.44 

100 * 14 1352 1.00 96.43 
110 7 1359 0.50 96.93 
120 3 1362 0.21 97.15 
130 5 1367 0.36 97.50 
140 4 1371 0.29 97.79 
150 2 1373 0.14 97.93 
160 3 1376 0.21 98.15 
170 2 1378 0.14 98.29 
180 * 24 1402 1.71 100.00 

-----+----+----+----+----+----+--
100 200 300 400 500 600 

FREQUENCY 

Figure 1. Histogram of blue shark bycatch rates (number of 
bycatch per 500 tans) indicating non-normality in 
the 1989 observer data. 

15 



FREQUENCY OF LOG(BLUE SHARK) 
LOG CATCH RATE= log of catch per 500 tans 

LOGBSK CUM CUM 
MIDPOINT FREQ FREQ PERCENT PERCENT 

-1.0 **** 20 20 1.67 1.67 
-0.5 ******* 37 57 3.09 4.76 
o.o ************* 66 123 5.51 10.27 
0.5 ********************* 104 227 8.68 18.95 
1.0 *************************** 135 362 11.27 30.22 
1.5 ********************** 109 471 9.10 39.32 
2.0 ******************************* 153 624 12. 77 52.09 
2.5 ******************************* 155 779 12.94 65.03 
3.0 **************************** 140 919 11.69 76. 71 
3.5 ******************* 94 1013 7.85 84.56 
4.0 ***************** 86 1099 7.18 91.74 
4.5 *********** 56 1155 4.67 96.41 
5.0 ***** 24 1179 2.00 98.41 
5.5 *** 14 1193 1.17 99.58 
6.0 * 4 1197 0.33 99.92 
6.5 1 1198 0.08 100.00 

--------+-------+-------+-------
40 80 120 

FREQUENCY 

Figure 2. Histogram of log of blue shark bycatch rates (number 
of bycatch per 500 tans) indicating near-normality 
after log transformation. 
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POWER VS. SAMPLE SIZE 
SPECIES = AtBACORE 
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Figure 3. Plot of overage number of operations, AVGN, for albacore versus POWER ottoined. 



POWER VS. SAMPLE SIZE 
SPECIES = SAf.MON 
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Figure 4. Plot of overage number of operations. AVGN. for salmon versus POWER attained. 



POWER VS. SAMPLE SIZE 
SPECIES = BLIJE SHARK 
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Figure 5. Plot of overage number of operations. AVGN, for blue shark versus POWER attained. 
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POWER VS. SAMPLE SIZE 
SPECIES = NORTHERN FUR SEALS 
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Figure 6. Plot of overage number of operations, AVGN, fo~ no. fur seals versus POWER attained. 
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POWER VS. SAMPLE SIZE . 
SPECIES= PORPOISES 
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Figure 7. Plot of overage number of operations, AVGN, for porpoises versus POWER attained. 
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Figure 8. Plot of overage number of operations. AVGN. for dolphins versus POWER attained. 



POWER VS. SAMPLE SIZE 
SPECIES =ALBATROSSES 
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Figure 9. Plot of overage number of operations, AVGN, _for albatrosses verus POWER attained. 



POWER VS. SAMPLE SIZE . 
SPECIES = SHEARWATERS 
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Figure 10. Plot of overage number of operations, AVGN, for sheorwoters versus POWER attained. 



POWER VS. SAMPLE SIZE 
SPECIES = LEACH'S STORM PETRELS 
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Figure 11. Plot of overage number of operations, AVGN, for Leach's storm petrels versus POWER attained. 



POWER 
0 . 9 ◄ 

0 . 93 

0 . 92 

0 . 91 

0 . 90 

0 . 89 

0.88 

* 

1800 1900 

POWER VS. SAMPLE SIZE 
SPECIES = OTHER SEA BIRDS 

* * 
2000 2100 

AVGN 

* 

* 

* * 

* 

* 

2200 

* 

* ** 

* 

* 

* 

Figure 12. Plot of overage number of operations, AVGN, for other seabirds versus POWER attained. 
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FREQUENCY OF BSK 

BSK CUM CUM 
MIDPOINT FREQ FREQ PERCENT PERCENT 

0 ****************************** 3 3 13.04 13.04 
5 **************************************** 4 7 17.39 30.43 

10 ********** 1 8 4.35 34.78 
15 **************************************** 4 12 17.39 52.17 
20 ******************** 2 14 8.70 60.87 
25 ******************** 2 16 8.70 69.57 
30 0 16 0.00 69.57 
35 ********** 1 17 4.35 73.91 
40 ******************** 2 19 8.70 82.61 
45 0 19 o.oo 82.61 
50 ********** 1 20 4.35 86.96 
55 ********** 1 21 4.35 91.30 
60 0 21 o.oo 91.30 
65 0 21 o.oo 91.30 
70 0 21 0.00 91.30 
75 ******************** 2 23 8.70 100.00 
80 0 23 0.00 100.00 
85 0 23 o.oo 100.00 
90 0 23 0.00 100.00 
95 0 23 0.00 100.00 

100 0 23 o.oo 100.00 
----------+---------+---------+---------+ 

Figure 13. 

1 2 3 4 

FREQUENCY 

Histogram of blue shark bycatch counts for the 1°x1° 
block with SW corner 42°N lat. 159°W long. 
indicating Poisson distribution provides poor 
description of bycatch counts for blue shark. 
Albacore and shearwater bycatch rates are 
distributed similarly. 
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Poisson distribution with mean 10 
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Figure 14, Poisson distribution with mean 10 is nearly normally distributed. 
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Figure 15. Plot of probability that a Poisson r.v. takes value O for various means lambda. 



SIMTD CUM CUM 
FREQ FREQ PERCENT PERCENT 

0 ****************************** 593 593 66.41 66.41 
1 ********** 201 794 22.51 88.91 
2 *** 63 857 7.05 95.97 
3 * 22 879 2.46 98.43 
4 3 882 0.34 98. 77 
5 7 889 0.78 99.55 
7 1 890 0.11 99.66 
8 1 891 0.11 99.78 
9 1 892 0.11 99.89 

13 1 893 0.11 100.00 
-----+----+----+----+----+----+ 

100 200 300 400 500 600 

FREQUENCY 

(a) Frequency distribution of simulated dolphin bycatch rates. 

TD CUM CUM 
FREQ FREQ PERCENT PERCENT 

0 ******************************* 624 624 68.35 68.35 
1 ******** 162 786 17.74 86.09 
2 *** 69 855 7.56 93.65 
3 * 21 876 2.30 95.95 
4 * 14 890 1.53 97.48 
5 . 9 899 0.99 98.47 
6 4 903 0.44 98.90 
7 2 905 0.22 99.12 
8 2 907 0.22 99.34 
9 1 908 0.11 99.45 

11 2 910 0.22 99.67 
12 1 911 0.11 99.78 
13 1 912 0.11 99.89 
18 1 913 0.11 100.00 

-----+----+----+----+----+----+-
100 200 300 400 500 600 

FREQUENCY 

(b) Frequency distribution of actual July/August 1989 dolphin 
bycatch rates. 

Figure 16. The actual distribution of July/August 1989 dolphin 
bycatch rates and the simulated distribution of 
dolphin bycatch rates are very similar. Comparable 
results occur for salmon, northern fur seals, 
porpoises, albatrosses, shearwaters, Leach's storm 
petrels, and other sea birds. 
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APPENDIX A 
SUMMARY TABLES OF 1989 OBSERVER PROGRAM DATA 

summary o f 1989 i Operat ons 

SPECIES Ho. of Ops. Ho. of Ops. I of Ops. 
with positive with no with positive 

bycatch bvcatch bycatch 

Albacore 1057 345 75.4% 

Salmon 57 1345 4.1% 

Blue Shark 1198 204 85.4% 

No. Fur seals 126 1276 9.0% 

Dall's Pornoises 96 1306 6.8% 

Dolphins 447 955 31.9% 

Albatrosses 291 1111 20.8% 

Shearwaters 882 520 62.9% 

Puffins 10 1392 0.7% 

Leach's St. Petrels 8 1394 0.6% 

Other S~abirds 41 1361 2.9% 

Summar• o f 1989 raw d t a a 

I 
SPECIES 

I 
Mean Bycatch Std. 

Rate Deviation 
per 500 tans of 

Bycatch Rate 

Albacore 21. 53 42.21 

Salmon 0.031 0.183 

Blue Shark 20.72 43.64 

No. Fur Seals o.08 0.35 

Dall's Porpoises 0.05 0.21 

Dolphins 0.34 0.80 

Albatrosses 0.21 0.88 

Shearwaters 3.25 10.14 

Puffins 0.01 0.13 

Leach's St. Petrels 0.01 0.18 

Other Seabirds 0.02 0.14 
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APPENDIX A (CONT.) 
SUMMARY TABLES OP 1989 OBSERVER PROGRAM DATA 

Summarv of 1989 loo-transformed data 

SPBCIBS Mean Log Std. 
Bycatch Rate Deviation 
per 500 tans of Log 

Bycatch Rate 

Albacore 2.51 1.39 

Salmon -0.41 a.so 
Blue Shark 2.16 1.47 

No. Fur Seals -0.38 0.58 

Dall's Por-coises -0.46 0.47 

Dolphins -0.21 0.66 

Albatrosses -0.36 0.65 

Shearwaters 0.72 1.20 

Puffins -0.07 0.68 

Leach's St. Petrels -0.10 0.90 

Other Seabirds -0.49 0.47 
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