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1 Executive summary 

This report addresses Objective 2 of Ministry of Fisheries project REC9702: To 
determine the power of survey methods to detect changes in catch rates of snapper and 
kuhawai by simulation modelling of boat ramp and diary data. 

Two analyses were carried out: an initial exploratory analysis and a simulation study. 
Both used harvest and effort data for the snapper and kahawai target line fisheries in 
QMA 1 from the 1996 boat ramp and national diary surveys. 

The exploratory analysis showed that the fishing time tends to be less on those trips 
when no fish of the target species were caught than when fish were caught. Both harvest 
and harvest rate distributions were highly skewed. Plots showed little apparent relation 
between harvest and fishing time. High harvests in short fishing times were possible and 
there was a high percentage of trips on which no fish were taken. This preliminary 
analysis suggested that detecting changes in mean harvest rates would require large 
sample sizes. 

The aim of the simulation study was to find the sample size required to reliably detect 
(with power 0.8) a given change in mean harvest rate estimated as the mean-of-ratios 
estimator. Simulations were carried out using nine data sets representing the four data 
types (snapper and kahawai, boat ramp, and diary) and a range of distribution shapes. 

Reductions of 50% in mean harvest rate could always be detected with sample sizes 
between 50 and 250. The required sample size depended on two characteristics of the 
harvest-rate distribution: po, the proportion of trips in which no fish were caught; and 
the skewness of the non-zero part of the harvest-rate distribution. It increased as po 
increased, and, for medium values of po, as skewness increased. A reduction of 20% 
could be detected with acceptable sample sizes (400-500) for low po and skewness and 
with larger sample sizes (700-850) for medium po and low skewness. However, the 
required sample size exceeded 1000 when po was medium and skewness was higher or 
po was large. A reduction of 10% could not be reliably detected with sample sizes of 
1000 or less. 

In general, the sample size required to detect a given change in mean harvest rate is 
greater for data from boat ramp surveys than for that from diaries. However, the mean 
harvest rate from the diary surveys is probably biased as diarists seem not to report all 
their unsuccessful trips and some of the harvests may be artificially inflated. 

These results mean that sample sizes in recreational surveys will have to be large if 
mean harvest rate is to be a usefully sensitive indicator of recreational fisher success. 



2. Introduction 

Boat ramp surveys in the North region in 1991, 1994, and 1996 have measured 
recreational harvest rates for those species caught in the North region recreational boat 
fishery. The most frequently caught species are snapper and kahawai. Bradford (1999) 
discussed the 1996 harvest rates in detail and compared harvest rates in the three years. 
Telephone and diary surveys which are aimed at estimating harvest and effort in the 
recreational fishery were conducted in the North region in 1994 (Bradford 1996, 1997, 
Teirney et al. 1997) and nationally in 1996 (Bradford 1998a, 1998b, Bradford et al. 
1998a, 1998b). 

Although not primarily directed towards estimating harvest rates, the diary data can be 
used for this purpose with some reservations, including the suspected under-reporting of 
unsuccessful trips, possible inflation of harvests, and inaccurate recording of fishing 
times. As diarists form the basic statistical unit in the diary surveys, some individual trip 
records may not be independent. Independence has been assumed for this report. 

Average harvest rates can be estimated in several ways, and the appropriate way of 
forming the average depends upon the use of the estimator. Two estimators of average 
harvest rate are currently considered important: the mean-of-ratios estimator (the mean 
of individual fisher's harvest rates) and the ratio-of-means estimator (mean catch per 
fisher divided by the mean effort per fisher). Jones et al. (1995) recommended the 
mean-of-ratios estimator as a measure of fisher satisfaction, and when fishers are 
interviewed during their fishing trip (as in roving surveys, which are not currently 
conducted in New Zealand). They recommend the ratios-of-means estimator when the 
estimates are made at the end of a fishing trip and the data are to be used with an 
independent measure of effort to obtain an estimate of total harvest. Bias and misleading 
confidence intervals can be associated with use of ratio estimators (Cochran 1977, 
Thompson 1992). The skewness of the distribution of harvest rates (a large proportion 
of zeros and several very large values) strongly influences how well the confidence 
intervals can be estimated. Jones et al. (1995) found that at least 100 fishers (or parties) 
must be interviewed to attain targeted two-tailed a-levels for the confidence intervals 
around the estimators of mean harvest rate; even then, the two statistical rejection areas 
(ideally, d 2 )  differed between tails of the distribution. 

This report addresses Objective 2 of Ministry of Fisheries project REC9702: To 
determine the power of survey methods to detect changes in catch rates of snapper and 
kahawai by simulation modelling of boat ramp and diary data. The mean-of-ratios 
estimator was used because its structure makes the following simulation procedures 
simpler. However, results using the other estimator would be expected to be similar. 

First, an exploratory analysis is carried out on data from the 1996 boat ramp and diary 
surveys. Then a simulation study based on the same data is used to determine the 
sample sizes that would be required to reliably detect changes of given sizes in the mean 
harvest rate. 



3. Definitions and data 

3.1. Formal definition of the mean-of-ratios estimator 

The harvest rate, hi, on an individual trip, i, (i = 1,2, ... , n) is given by hi = yilxi, where yi 
is the harvest on trip, i, and xi is the fishing time. The mean-of-ratios estimator of 
average harvest rate is defined as 

The estimator used for the variance of 6 is 

3.2. Data 

Data for snapper and kahawai were restricted to QMA 1 and taken from the 1996 boat 
ramp and national diary surveys. QMA 1 encompasses the important recreational 
fisheries in SNA 1 and KAH 1. These analyses were restricted to the 1996 data because 
they are the most recent and, for the boat ramp data, are more representative of the 
temporal and spatial aspects of the fishery than are earlier data sets. 

Snapper data were divided into the areas used in the 1996 national diary survey. These 
areas are called the diary zones (Figure 1). Kahawai data from all of QMA 1 were used 
because the target kahawai recreational fishery is small. 

Individual trip data for fishers were used for b-0th data sets. In the recreational database, 
a "trip" is an event where target species, method, and location are constant so a fisher's 
activities on a given day can be split into more than one trip. This definition of trip is 
used. 

Any trips longer than 24 hours, catching more than 20 fish, or with a harvest rate greater 
than 10 fish per hour have been excluded from all data sets. Such values were rare and 
deemed to be extreme outliers which could introduce bias. 



4. Exploratory data analysis 

Exploratory data analysis is carried out separately for the snapper and kahawai target 
line fisheries in QMA 1. 

4.1. Snapper target fishery 

In the boat ramp surveys, the snapper target fishery was defined to be those trips where 
snapper or general fish was the specified target and the method used was a baited line or 
jigging with or without bait. Only one target species was recorded in the boat ramp 
surveys. Since almost all of the boats using boat ramps are "trailer boats", the data were 
restricted to trips using such boats. 

In the diary survey, fishers were given a list of methods to be used, and were able to 
target more than one species. For this data set the snapper target fishery was defined to 
be those trips using lines from a private boat, and which included snapper amongst the 
target species. 

Figure 2 includes six exploratory plots for snapper target trips in the inner Hauraki Gulf 
(see Figure 1). The first three plots are proportional frequency histograms of the fishing 
effort for all trips, those trips that caught no fish, and those trips which caught fish. The 
important point is that those trips that caught no snapper were, on average, somewhat 
shorter than those which caught snapper. The next plot shows the distribution of the 
number of snapper caught, showing around 45% of unsuccessful trips and a declining 
tail after that with a small increase at the daily bag limit of nine. The harvest rate 
distribution in the next plot is highly skewed. The final plot shows how little correlation 
there is between harvest and fishing time. This suggests there may be problems with 
using these data to detect differences in mean harvest rate. 

A similar lack of correlation is seen in the.other zones in SNA 1 (Figure 3). 

The same general picture applies for the diary data as for the boat ramp data except that 
the proportion of unsuccessful trips is lower (Figures 4, 5). Diarists have long been 
suspected .of under-reporting their unsuccessful trips, which is not a problem when 
scaling up the harvest by diarists to the overall harvest, but is a problem when 
estimating harvest rates. 

4.2 Kahawai target fishery 

For the boat ramp survey data, the kahawai target fishery was defined as all trips in 
KAH 1 where kahawai was the target species, any line method was used, and a trailer 
boat was used. Most kahawai target trips used trolling. 

In these data, the fishing times when no kahawai were caught tend to be lower than the 
fishing times when kahawai were caught; the probability of an unsuccessful trip was 
greater than 50%; and the harvest rate distribution was almost flat (after the peak at 



zero) (Figure 6). Many kahawai target trips are defined to occur once a surface kahawai 
school is sighted and high harvest rates are possible in these conditions (low fishing 
times), and many kahawai target trips starting with the intention of catching kahawai 
can be unsuccessful (low harvests). 

In data from the national diary survey, the target kahawai fishery was defined as those 
trips where kahawai was among the target species and the method was lines from 
private boats. In this fishery the probability of an unsuccessful trip is high, but possibly 
still somewhat under-reported and the harvest rate distributions are not as flat (after the 
zero) as seen in the boat ramp data (Figure 7). (Shore-based fishing for kahawai is 
considered in Section 4.) 

4.3. Summary of exploratory data analysis 

The harvest versus fishing time plots do not'show a strong relation between harvest and 
fishing time. They look roughly like dense blobs of points in the bottom comer of the 
plots with a few points outside. High harvests in short times are possible and zero 
harvests are possible however long the trip. The plots suggest that precise estimation of 
a single number to determine a mean harvest rate is likely to be difficult. Following 
from this, the ability to detect differences in two mean harvest rates is also likely to be 
difficult, especially when the difference is small. 

The fraction of unsuccessful trips and the skewness of the non-zero part of the harvest 
rate distribution are likely to be two important differentiating features of the harvest rate 
distributions. 

5. Power to detect changes in mean harvest rate 

5.1. Simulation methods 

The general question we are considering here is how large a sample is required (in a 
boat ramp or diary survey) so that we can be confident that we will detect a change in 
mean harvest rate. To address this we must first ask (a) how large (or small) a change 
do we want to be able to detect? and (b) how confident do we want to be that we will 
detect it? In response to the first of these two questions we have chosen to consider 
reductions of lo%, 20%, and 50%. The basis for this choice is that it is unusual in 
fisheries science to be able to detect changes in catch rates (or abundance) of less than 
lo%, and that surveys that cannot detect a drop of 50% must be considered as of limited 
value as management tools. As to confidence levels, in the absence of any other 
guidelines we adopted the level of 80% which is commonly used in statistical power 
analyses. Thus we will address the more specific question: how large a sample is 
required so that we can be 80% confident of detecting a drop in mean harvest rate of 
lo%, 20%, or 50%? Because of the symmetry of the test that is used, detecting a drop 
of x%, is logically equivalent to detecting an increase in lOOxl(100-x) %. Thus, our 
results will apply equally to harvest-rate increases of 1 1 %, 25%, and 100%. 



It is to be expected that changes will be easier to detect in some fisheries than in others, 
depending.on the nature of the harvest-rate distribution. Therefore it is important that 
the simulation study should consider a wide range of harvest-rate distributions. Two 
obvious ways in which the survey data sets differ from each other is in the fraction of 
unsuccessful trips, po, and the skewness of the distribution of the non-zero harvest rates 
(Table 1, Figure 8). 

Table 1: Data from the 1996 recreational surveys for the snapper and kahawai target line fisheries 
in QMA 1 used to select examples for simulation. *, data used in simulations; 2, 1996 national diary 
survey zone number; n, the number of trips; po, the fraction of unsuccessful trips; Skew is the 
skewness of the non-zero part of the catch rate distribution. Skew is plotted againstpo in Figure 8 

No. 

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

Area 

North Cape to Cape Brett 
Bay of Islands 
Cape Brett to Cape Rodney 
Whangarei Harbour 
Barrier Islands 
Western Hauraki Gulf 
Inner Hauraki Gulf 
Firth of Thames 
Eastern Hauraki Gulf 
Eastern Coromandel 
Middle Bay of Plenty 
Tauranga Harbour 
Eastern Bay of Plenty 
North Cape to Cape Brett 
Bay of Islands 
Cape Brett to Cape Rodney 
Whangarei Harbour 
Barrier Islands 
Western Hauraki Gulf 
Inner Hauraki Gulf 
Firth of Thames 
Eastern Hauraki Gulf 
Eastern Coromandel 
Middle Bay of Plenty 
Tauranga Harbour 
Eastern Bay of Plenty 
KAH 1, boat 
KAH 1, boat & shore 
KAH 1, boat 
KAH 1, shore 

Skew 

1.93 1 
2.255 
6.181 
2.701 
1.240 
2.665 
5.928 
4.254 
2.473 
6.497 
2.819 
2.138 
2.25 1 
2.389 
1.738 
1.899 
1.967 
1 S98 
1 S2O 
1.572 
1.769 
2.527 
2.319 
1.878 
2.276 
1.768 
3.786 
3.374 
2.943 
1.788 

Nine data sets were used in the simulations (Table 1, Figure 8). 

Species Survey 

Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Boat ramp 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Snapper Diary 
Kahawai Boat ramp 
Kahawai Diary 
Kahawai Diary 
Kahawai Diary 

These were chosen to 
cover the four data types and as much of the range of both variables in Figure 8 as 
possible, subject to the constraint that each data set should contain at least 500 trips. It 
was necessary to relax this constraint slightly for the kahawai boat ramp data set. 

The statistical test used in the simulation study was the t-test. This is the conventional 
test for detecting a difference in the means of two populations. It is known to be quite 
robust to departures from the usual assumption that the sampled distributions are 
normally distributed. The following procedure was used with each data set in turn to 



check that the harvest-rate distributions were not too extreme for satisfactory test 
performance. Two samples of size 100 were drawn randomly with replacement from 
the data set and the usual t-test (assuming equal variances) was applied, using a 5% 
significance level. This was repeated 10 000 times and the percentage of significant 
results was recorded. For the nine data sets, the percentage of significant results varied 
between 4.4% and 5.2% with a mean value of 4.8% which was considered adequate for 
a 5% test. 

The following simulation procedure was followed for each of the nine data sets. 

1. Create a modified version of the data set in which the mean harvest rate was 10% 
less than that in the unmodified data (see below for details). 

2. Generate 1000 pairs of samples of size 50, where each pair contains a sample from 
both the modified and unmodified data sets and all samples are drawn at random with 
replacement. 

3. Carry out a t-test (assuming equal variances) for each pair of samples and record the 
proportion, 2 , of results that is significant (N.B., 2 is an estimate of power). 

4. Repeat steps 2 and 3 with sample sizes of 100, 150, ..., 1000. 

5. Find the smallest sample size (if any) for which 2 2 0.8. 

6.  Repeat steps 1-5 with mean harvest rate differences of 20% and 50%. 

Two different methods of generating the modified data set in step 1 were used: 

(a) each individual harvest rate was multiplied by 0.9 (or 0.8, or 0.5); and 

(b) the number of fish caught in each trip was reduced by a factor of 0.9 (or 0.8, or 0.5) 
on average (specifically, the number of fish, mi , caught in the ith trip was replaced by 
rnd@mi + ui), where p was 0.9 (or 0.8, or OS), ui was a random number between -0.5 
and 0.5, and rnd is the usual rounding function). 

The former method simulates the drop in mean harvest rate that would arise when there 
is an increase in fishing time but no change in the number of fish caught per trip. The 
latter simulates the opposite situation where fishing times do not change but there is a 
drop in the number of fish caught per trip. 

5.2. Simulation results 

The results in Table 2 show that a reduction of 50% in mean harvest rate would be 
reliably detected with sample sizes of 50-250, but that sample sizes of over 1000 would 
be required when the reduction was only 10%. For the intermediate scenario, where 
harvest rates dropped by 20% (or, equivalently, increased by 25%), the sample sizes 
required for reliable detection were as low as 400 for one data set but were over 1000 



for five of the nine data sets considered. The two methods used to simulate a reduction 
in harvest rate [methods (a) and (b)] produced very similar results. 

Table 2: Number of points to reliably detect a reduction in mean hawest rate of the stated size for 
each of the data sets used in the simulations and the two methods of modifying the data. No. is the 
data set number from Table 1 

Species No. 

Snapper 20 
9 
2 

10 
12 

Kahawai 30 
29 
28 
27 

Hawest rate reduction 
10 % 20 % 50 % 

Meth a Meth b Meth a Meth b Meth a Meth b 

The results from the simulations suggested dividing the data sets in Figure 8 into four 
regions, A, B, C, and D (see Figure 8). The sample sizes required to detect changes of a 
given size are about the same for all data sets in the same region and increase 
alphabetically (i.e., are lowest in region A and highest in region D). 

The results for these four regions are given in Table 3. Changes of 10% could not be 
detected with power of 0.8 or above in any of the data sets used. A change of 20% 
cannot be detected in region D (high po) with power of 0.8 or above and requires a 
sample size close to 1000 in region C (medium po, higher skewness). A change of 50% 
in mean harvest rate can be detected with increasing sample size as po increases, and as 
skewness increases at medium po. Except in region A (low po, lower skewness), the 
sample size required to detect a change of 50% with power 0.8 or above is 100 or more, 
which is large compared with sample sizes often considered sufficient in boat ramp 
surveys. 

Table 3: Sample size required to reliably detect a reduction in mean catch rate of the stated size. po, 
the fraction of unsuccessful trips; Skew is the skewness of the non-zero part of the catch rate 
distribution. The groupings are shown in Figure 8 

Group 
Reduction 

Po Skew 10 % 20 % 50 % 

A c 0.35 c 2.75 >1 000 400-500 50 
B > 0.35 and < 0.65 c 2.75 >1 000 700-850 100 
C > 0.35 and < 0.65 > 2.75 >1 000 >1 000 150-200 
D > 0.65 c 2.75 > 1 000 >1 000 250 



The great differences in detectability between regions is clearly shown by the associated 
power curves (Figure 9). This is most marked for the drop of 20% (note how far apart 
the four dotted lines are in Figure 9). Also, it is about equally difficult to detect a drop 
of 20% for a data set in region D as to detect a drop of 10% in region A (the solid line 
labelled A is almost coincident with the dotted line labelled D). 

Data sets from the boat ramp survey typically show a higher incidence of unsuccessful 
trips and greater skew than did those from the diary survey in the same zone 
(Figure 10). Therefore, the sample sizes required to detect a given change in mean 
harvest rate will be higher for diary data than for that from boat ramp surveys. 
However, the differences shown in Figure 10 are believed to reflect inadequacies in the 
diary data (e.g., under-reporting of unsuccessful trips). Thus it is doubtful whether the 
diary data should be used for monitoring changes in harvest rate. 

6. Discussion 

The shapes of the distributions of the harvest, effort, and harvest rate from the target 
snapper and kahawai recreational line fisheries in QMA 1 suggested that there could be 
difficulty in detecting changes in mean harvest rate with a reasonable degree of 
certainty. This proved to be true. For most of the data sets examined, the drop in mean 
harvest rate had to be about 50% for it to be easily detectable. Smaller changes could be 
detected with a moderately large sample size if the fraction of unsuccessful trips and the 
skewness of the non-zero part of the harvest rate distribution were low. 

In this report, each data set was compared with a modified version of itself. Two 
methods of modifying the harvest rates were used. The required sample sizes were 
generally the same independent of the way the data had been modified except in some 
cases when the sample size was near 1000. Other methods of modifying the data could 
be used to give the required reduction in mean harvest rate. For example, extra zeros 
could be added to the distributions or the higher harvest rates removed. Such methods 
are not expected to substantially modify the results. 

A randomisation test (Manly 1991) could have been used in place of a t-test. This was 
done twice and gave essentially the same results as those reported. The randomisation 
test requires two levels of random sampling and was not used in general because of the 
extra computation and the conclusion that the t-test was performing satisfactorily. 

The simulations have been carried out using harvest rates from single trips for a single 
fisher. For boat-party harvest rates and the annual harvest rates of diarists, the harvest 
rate distributions are likely to have smaller values of po and skewness, and so the sample 
sizes (for reliable detection) are likely to be smaller. 

Of the 4380 kahawai counted in the 1996 boat ramp survey in KAH 1, 84.2% were 
caught as a bycatch of the snapper target line fishery as defined above and only 9.3% 
were caught in the kahawai target fishery. Despite this, the kahawai target fishery was 
chosen as this seems to fit with what recreational fishers perceive to be the kahawai 
fishery. We might consider monitoring the recreational kahawai fishery using the 



kahawai bycatch of the snapper target fishery (called the kahawai bycatch fishery). 
Mean harvest rates in this fishery were typically less than 0.2 fish per hour and the 
values of po were typically greater than 0.7 in the 1996 boat ramp survey (Bradford 
1999). For the bycatch fishery, the sample sizes are the same as for snapper, but the 
harvest rate distributions are in region D (Figure 8), or could have both high po and high 
skewness, and small changes will be difficult to detect reliably in, say, most of the diary 
zones. 

7. Conclusions 

These calculations to find the sample size required to reliably detect changes of a given 
size show that the sample size required is usually large. Only large changes seem 
reasonably easy to detect. The results are of considerable importance if changes in mean 
harvest rate are to be used as measures of recreational fisher success in these fisheries. 

The data considered came from the target snapper and kahawai line rt .cational 
fisheries in QMA 1. For these data, the fraction of unsuccessful trips can be large and 
the non-zero harvest rate distributions can be highly skewed. Reliably detecting harvest 
rate changes in recreational fisheries with a smaller fraction of unsuccessful trips less 
than used here should require smaller sample sizes. 
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Figure 1: Map of the North region of New Zealand showing the diary zones numbered as in the 
1996 national diary survey. The names used for the diary zones in this report are: 1 - North 
Cape to Cape Brett; 2 - Bay of Islands; 3 - Cape Brett to Cape Rodney; 4 - Whangarei 
Harbour; 5 - Barrier Islands; 6 - Western Hauraki Gulf; 7 - Inner Hauraki Gulf; 8 - Firth of 
Thames; 9 - Eastern Hauraki Gulf; 10 - Eastern Coromandel; 11 - Middle Bay of Plenty; 
12 - Tauranga Harbour; 13 - Eastern Bay of Plenty; Zones 14 and 19-25 are not used in this 
report. 
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Figure 2: Exploratory plots of boat ramp data for the target snapper fishery in the Inner 
Hauraki Gulf (diary zone 7). Proportional frequencies of fishing time (All = all times; No fish = 
trips when no fish were caught; and Fish = trips when fish were caught), number of fish caught 
on a trip, and harvest rate (dashed vertical lines are at the mean). Plot of harvest versus fishing 
time. H,, the mean harvest rate, is the slope of the dotted line. 
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Figure 3: Plots of harvest versus fishing time, by diary zone, for boat ramp data for the target 
snapper fishery. k,, the mean harvest rate, is the slope of the dotted line. 
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Figure 3 (cont.): 
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Figure 4: As for Figure 2, but using diary data. 
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Figure 5: Plots of harvest versus fishing time, by diary zone, for the diary data for the target 
snapper fishery. H,, the mean harvest rate, is the slope of the dotted line. 
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Figure 5 (cont.): 
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Figure 6: As for Figure 2, but for the kahawai target fishery in KAH 1. 
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Figure 7: As for Figure 2, but for the diary data from the kahawai target fishery in KAH 1. 
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Figure 8: Skewness of the non-zero harvest rate distribution plotted against the fraction of 
unsuccessful trips, for snapper target trips by diary zone in SNA 1, and kahawai target trips in 
KAH 1 (see Table 1 to identify data sets). Data sets used in the simulations are circled and 
labelled with their number from Table 1. The dotted lines indicate groups of data, labelled as A, 
B, C, and D, used in Table 3. 
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Figure 9: Power cuwes for data sets in the four regions (A, B, C, D) of Figure 8 and the three 
levels of change in mean harvest rate (a drop of lo%, 20%, or 50%). Each cuwe averages 
simulation results from all data sets within the region and for methods (a) and (b) of simulating a 
reduction in harvest rate. 
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Figure 10: Comparison of diary and boat ramp data for the same species and zone: the fraction 
of unsuccessful trips,po (upper panel), and the skewness of the non-zero harvest-rate distribution 
(lower panel). The data plotted are from Table 1; each point represents a species and area 
(zone). 


