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INTRODUCTION 

The first Workshop on Fish ASSsessment, Techniques 

i'n Novembe,r 1978 (G.B.R.M.P.A.,11978) concluded that, of 
a ; 

the techniques investigated for estimating populations of 

commercially and recreationally important species of 

bottom reef fish, the ,intensive search technique was the ,I 
/ 

.only feasible tqchnique'for realistic estimates of these 
/ 

populations. However a number of questions concerning the 

technique remained to be answered. A second Workshop on 

Fish Assessment Techniques was therefore conducted to 

determine: 

i 

1. 

2. 

3. 

4. the relationship between time of day and state of tide 

5. 

I 
i 

I  

7. 

the distance or time period which would prov$:de a 

statistically valid population assessment; 

the number of replicate swims necessary to provide a 

statistically valid population estimate over the fixed 

time period or fixed transect distance; 

whether the number of replicates required makes this 

technique feasible for relatively rapid reef assessment; 

and the population estimate: 

the relationships of between,observer and within observer 

variability; 

a feasible method for consistently estimating size classes 

to reduce between observer variability: 

whether the technique would reveal differences in fish 

populations between an 'unfished' reef (e.g. Heron) and 

a 'fished' area (e.g. Masthead). ,, 
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The Workshop was conducted for two weeks from 

21 April to 4 May at Heron Island and was attended by 

four biologists from various organisations (Appendix l).. 

This report, which reflects the Workshop program, is 

essentially divided into three parts: 

1. Underwater length estimation 

In this Section variability in underwater length 

estimation was examined and standard techniques for 

improving accuracy and reducing variability were developed 

and employed. 

2. Coral Trout Censusing 

This Section involved diving censuses to determine 

the required- transect time/length, required number of 

replicates, observer, tidal and time variability factors, 

usefulness of the method, differences between areas etc. 

and the relationship of results found in this study to other 

studies. 

3. Proposed action and recommendations 

A brief outline of the action proposed as a result 

of the Workshop findings is presented. Several Recommendations 

are also provided. 



STATISTICAL TESTS 
,’ 8, 

I 
I 

The major aim of both the length estimation work 

and the coral trout'censusing was to compare size class 
/ 

distributions, the comparison of total numbers of .coral 

trout observed being'of ,secondary importance. Although the 

ekpetited distribution of th? stick lengths was known, 
,I 

ihe, : 

expected distribution of fish in the 'unfished' area was' 
;' 

unknown. Moreover, a fest was required,which permitted 

comparison of samples obtained by different observers, 

where again there was no 'expected' distribution. The 

kind of test required to compare distributions nee&to be 

particularly sensitive to skewness. For these reasons, the 

non-parametric Kolmogorov-Smirnov test (Siegel, 1956) was 

chosen. This test permits comparison of two independent 

samples by comparisons of the cumulative distributions and 

is sensitive for any kind of differences between distributions. j 

Although the x2 test would have been appropriate for 

comparison of the observed and expected 'stick' distributions, 

the Kolmogorov-Smirnov test is believed to be more powerful 

and was ,therefore used for all comparisons of size class 

,distribution,s. 

In the examination of the appropriateness of the 

Kolmogorov-Smirnov test, the size class distribution of 

coral trout in the 'unfished' area observed in the First 

Workshop (G.B.R.M.P.A., 1978) 'was reversed to approximate 

the size class distribution of a' Pfished' population. 

I' 

/ 
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-4- 1 Size class (cm) O-20 20-40 40-60 60-80 80-100 

'Unfished' 0 30 130 155 47 

'Fished' 47 155 130 30 0 

Under the Kolmogorov-Smirnov test, the two distributions 

were significantly different (p ) .os). 

The test is not sensitive simply to the added 

presence of a smaller size class in the population. This 

smaller size class may merely reflect recruitment. This 

was shown when the following distributions were compared * 

and were found to be not significantly different (p > .05): 

Size class (cm) O-20 20-40 40-60 60-80 80-100 

'Unfished 0 30 130 155 47 

'Fished' 20 47 155 130 .4 7 

Dividing the 'unfished' population by two and 

comparing it with 'unfished' population shows that low 

numbers will not by themselves produce a significant difference 

(p ) -05) since the test is based on proportions: 

Size clas (cm) O-20 20-40 40-60 60-80 80-200 

'Unfished' 0 30 130 155 47 

'Unfished x %' 0 15 65 78 24 

Thus the test appears to be entirely appropriate for 

the intended purpose, since it will tolerate some variability 

between distributions, but regards as significantly different, 

distributions which would approximate 'fished' and 'unfished' 

populations. 
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UYDE3WATER LENGTH ESTIMATION 

Underwater fish length estimation is a necessary 

part of several kinds of comparative studies which require 

knowledge of the fish population size structure: environmental 

studies frequently require 'before' and 'after' assessments 

./ 
of fish populations to determine the effects of particular, 

pollutants 'for example; many studies require comparisons 

to be made on a seasonal basis where 'changes in the size 

structures of the population may be evident; and invest- 

igations of the effects of fishing on populations require, 

assessment of the size structures of populations. These 

and other reasons for the necessity for fish length ,estimation 

are discussed more fully in a paper by Pollard (in prep.) 

However before undertaking studies involving length 

estimation it is essential that the accuracy of such 

estimations is known. To test the ability of divers to 

consistently estimate fish length underwater, a game (hence- 

forth called 'fiddle sticks!) was designed using lengths 

of orange 17 mm (Q.D.) P.V.C. electrical conduit '(the 'sticks') 

as simulated 'fish'. These sticks were cut into'lengths of 

between 0 and 100 cmso that when grouped into five PO,un length 

classes they formed a histogram approximating a normal curve 

with the parameters s = 50 cm and s.d. = 20 cm. The sticks 

were thus cut to the following lengths! . 
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0-20 un 20-40 an 40-60 an 60-80 an 80-100 cm 

6 22 41 61 82 
12 24 42 62 88 
18 26 43 63 94 

28 44 64 
(3) 30 45 66 (3) 

32 46 68 
34 47 70 
36 48 72 
37 49 74 
38 50 76 
39 51 78 
40 52 80 

(12) 
53 
54 (12) 

55 
56 
57 
58 
59 
60 

(20) 

To test the abilitv of divers to estimate lengths, 

several methods were used: 

1. Underwater the sticks were selected randomly from a pile, 

held up by a diver approximately three metres away from 

' the test subject divers who scored the length into size 

classes,' and the sticks were placed in the second pile, 

On completion of the 50 sticks, they were transferred back 

to the first pile, repeating the process. The actual lengths 

of the sticks in cm. were estimated on sever'al trials. In some 

trials, the sticks were held against a 'standard: an 80 cm 
stick marked into 10 cm intervals. 

2. On land, a procedure identical to that above was conducted: 

with and without the standard. Additionally several 

attempts at actual length estimation in centimetres were 

made. 



3. Underwater the sticks were threaded in random orderonto 

a 100 m rope. Each stick was separated from the next by 

at least its own lenqth. The rope ,was,laid out across 

the reef slope at a depth OC between 9-12 m, 'dependinq 

on the location. The 'standard' stick was located at,one 

end of the 'transect'. The divers swam along ,the"stic.k 

transect' and recorded <the sticks in size class,es or:made. 

I 
an actual length estimation recorded in centimetres. 

The results of each diver were tested aqainstthe - 

'expected' distribution using the Kolmogorov-Smirnov test.., 

The test statistic (Dmax) was compared with the critical 

value (Dcrit) for p = .05. The greater the difference 

between Dmax and Dcrit i.e. the smaller the difference 

between the two distributions, the better the length 

estimation. 

In experiments in which actual length estimations 

were made, the mean deviation (in centimetres) and initially 

the mean negative and the mean positive deviations were 

calculated. The standard deviation and variance weresalso 

calculated. 

Divers were informed of their results relative 

to the expected distribution or length estimations, and the 

various training exercises were repeated until a criterion 

developed over the course of the exercise was attained by 

all divers. 
I' 

The results of a variety of trials of this 

technique are reported below. , 
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Experiment 1 

This experiment was conducted in Jervis Bay on 

8 April 1979 with three divers, two of whom (N.C., D.P.,) 

were experienced in estimating fish lengths underwater and 

one (J.M.) who was less experienced. Only one of the 

experienced observers (D.P.) knew the actual length dist- 

ribution. In this test sticks were held up by another diver 

and were classified into five size classes on two occasions. 

In all cases there was overestimation of the number 

of sticks in the smallest size groups and underestimation 

of the numbers in the larger size groups (Appendix 2, 

Table 1). Examining the test statistics for the Kolmogorov- 

Smirnov tests shows that only one observer showed much 

improvement between the first and second trials. None of 

the distributions is significantly different from the 

expected distribution. 

Expe.riment 2 

This experiment was conducted on 19 April 1979 

in Botany Bay with three different divers one of whom was 

'experienced' (J.B.1) one moderately experienced (J.B.2) 

and one naive (P.M.). The sticks were held up by another 

diver and classified into five size classes in each of two 

attempts. 

Again all divers classified too many sticks in the 

smaller size classes and too few in the larger size classes. 

All observers deteriorated between the first and second trials 

(Appendix 2, Table 2). Mane of the distributions is 

significantly different from the expected distribution. 
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For the remaining experiments, the Kolmogorovl ,I 

Smirnov test statistics are presented toaether in Appendix 2, "' 
Table 28. 

1 Experiment 3 

This experiment was conducted on 22 April 19'79 

in the boat harbour at Heron Island with two 'divers, one of ,' 

whom was moderately experienced (B.R.)!.and one naive '(w.c.),. 
,, 

,: 

, 'The sticks 'were held,by a third diver.' Both divers showed, 
/ 

the same trend as previously observed, i.e. recording too : 

#many sticks in the smaller size classes and too few in the 

larger size classes (Appendix 2, Table 3)'. Both divers 

showed considerable improvements from the first to the ," 

second trial (Table 28). 
,<: 

Experiment 4 

The above experiment was repeated on 22 April 1979 

at Heron Island with four observers, three of whom (V.C., 

S.R., D.P.) were aware of the expected distributionand one 

of whom was completely naive (K.W.). Each observer participated 

in two trials except one CB.R.) who undertook four trials. 

Improvement over the previous trials was shown by all non- 

naive observers, who also showed considerably better performances 

than the naive observer (Appendix 2, Tables 4 and 28). ,,The 

observer undertaking four trials showed improvement between 

the first,and second two pairs of trials. 

Experiment 5 

'The above experiment was repeated on 22 April 1979' 
/ 

~ 
I 

on land at Heron Island with the same four observers, with 
: 

the sticks held against the marked standard. The results! " 

(Appendix 2,' Tables 5 and 28) showed considerable further '1 
: 

improvement. The differences between Dmax and Dcrit ;jncreased: ; 
I ', 81,' ..,/ ,, II' 1 
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generally to greater than 0.2. 

Exoeriment 6 

In this exoeriment on land at Heron Island on 

22 April 1979, the three practised observers estimated the 

actual stick lengths (to the nearest centimetre). 

The results (Appendix 2. Table 6) show that all observers 

still had a strong tendency towards underestimation of 

stick lengths. 

Experiment 7 

The above experiment (estimating actual stick 

lengths) was repeated on 22 April 1979 underwater, in the 

boat harbour at Heron Island with the three practised 

observers. Underestimation underwater was greater than 

on land with all observers recording increased mean negative 

deviations (Appendix 2, Table 7). 

Exneriment 8 

In this experiment on 22 April 1979 in the boat 

harbour at Heron Island, the sticks were held by another 

diver against a marked standard and the same three observers 

showed reasonable results (Appendix 2, Tables 8 and 28) 

although one observer showed a tendency to overestimate. 

Experiment 9 

In this experiment, on 22 April 1979, in the 

boat harbour at Heron Island, the same three observers 

classified the sticks held by another diver into five size 

classes without the assistance of a standard. 
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1 
1: 
,I 

~11 three observers showed considerable accuracy (Appendix 2', 

Tables 9 and 28) in classifying sticks, the observed 

distributions coming 'cl,ose.to the expei=ted distribution. 

Experiment 10 

In this 'experiment on 23 April 1979 onNorthwest 

Wistari Reef, four divers, the three practised and one 

naive (J.H.); swam over the stick transect and estimated 

the actual length of the sticks. All practised observers - 

showed an improvement in length estimation and a reduction 
"' 

in the number of length underestimations (Appendix 2, 
.I 

Table 10). The naive observer demonstrated a surprising 

degree of accuracy, although the tendency to underestimate 

was evident. 

Experiment 11 

In this experiment on 23 April at Northwest 

Wistari 'Reef, the same four divers swam over the stick 

transect twice each (except for one observer, J.H.) and 

classified the sticks into five size classes. All observers ', 

shows good ability to correctly classify the sticks; the 

differences between Dcrit and Dmax‘were all 0.2 or greater 

(Appendix 2, Tables 11 and 28). 
4' 

Experiment 12 

In this experiment on 24 April 1979, the same four 

divers swam over the stick transect on 'Northwest Wistari Ree'f 

and estimated actual stick lengths. The mean deviations 
I' 

were again quite low. The least practised observer (3.H.) 

still demonstrated the greatesttendency to underestimate ,N 

l , ./li ‘ !  ,,, ,; 



and one of the practised observers (B.R.) had Overcompensated 

to show many more overestimations than underestimations 

(Appendix 2, Table 12). 

Experiment 13 

In this experiment on 24 April 1979.at Yorthwest 

Wistari Reef the same four divers swam over the stick 

transect and classified the sticks 'into five size classes. 

The lowest differences between Dcrit and Dmax was 0.19 

for the least practised observer (Appendix 2, Tables 13 

and 28). 

Experiment 14 

This experiment, on 25 April 1979, was carried out 

on the north side-of--Heron Island Reef in an area to the 

east of the 'no fishing' area and referred to as the 'fished' 

area. The same four observers swam over the stick transect, 

estimating actual stick lengths. 

Apart from one observer who appeared to be 

deteriorating with practice and considerably underestimated 

lengths, there appeared to be something of a stabilisation 

in estimating fish lengths for the other two practised 

observers with mean deviations of about 3-4 cm and only a 

slight tendency to underestimate (Appendix 2, Table 15). 

Experiment 15 

In this experiment on 25 April 1979 in the 'fished' 

area on the north of Heron Island, the same four observers 

swam over the stick transect and classified the sticks into 

five size classes. Three practised observers (including 

the observer worst at length estimation) showed extremely 

../I3 



good results and the least practised observer aqain showed 

reasonable results (Appendix 2, Tables 16 and 28), showing 

reasonable approximations to,the expected distribution. 

Preliminary coral trout counts, made swimming in 

transects .perpendicular to the stick transect from, the 

re,ef:'crest to the sand area at the bammie zone, for the 

length of' the stick transect had been made at Northwest 

,Wistari Peef.on 24 April (Appendix 2, Table 14) and to the' 

east of the 'no fishing' area at Heron on 25 April (Appendix 2, 

Table 17). It was evident from these counts that coral trout , 

fell primarily into three size classes. Because the power, of. : 

the Rolmogorov-Smirnov test .increases with a greater'number of 

size classes, and three size classes give a rather gross popula- 

tion size structure, it was decided to examine the population in 

10 cm rather than 20 cm size classes. Prior to this however it 

was necessary to determine diver accuracy and between diver 

variability 'in placing sticks into a greater number of smaller 

size classes. As an initial test, the actual length estimates 

from 25 April from the Heron 'fished' area were put into both 

20 cm:and 10 cm size classes (Appendix 2, Tables 20 and 21) ,and 

the distributions tested to see if they were significantly 

different from the expected distributions. None was significantly 

different from the expected distribution (Appendix 2, Table 22). 

All further experiments involving sticks involved 

classifying sticks with ten 10 cm size classes. I <: 



Experiment 16 

In this experiment, conducted in the 'no fishing' 

area of the Marine Park on the north side of Heron Reef 

on 26 April 1979, the same four observers classified the 

stick,s on the stick transect into ten 10 cm size classes. 

Each observer swam three or four times over the transect. 

~11 observers showed good ability to classify the sticks 

(Appendix 2, Tables 23 and 24), the difference between Dmax 

and Dcrit approaching or exceeding 0.2 in the vast majority 

of cases. 

Experiment 17 

The introduction of another observer (J.S.) who 

had participated in Experiment(2) necessitated testinq his 
_.__. ---.- -. - 
length estimation abilities. All tests with this observer 

involved placing the sticks into ten size classes, except 

for his first test, which required actual length estimation 

in the boat harbour at Heron Island. 

Although this observer showed the same tendency 

for underestimation as all other observers, the mean 

deviation was relatively low (Appendix 2, Table 25). Placing 

these length estimates into size classes confirmed the 

accuracy of this observer (Appendix 2, Table 26). 

All subsequent tests for this observer are grouped 

in Appendix 2, Table 27. These tests were made over a 

period of four days and showed steady improvement, so that in 

the last three trials his classifications were extremely 

close to the expected distribution. 

, 



Discussion 

The foregoing experiments,underline the need for 

t,raining of even 'experienced' fish length estimators in 
1 

correctly estimating lengths while underwater, 
/ 

Presumably 

,the observer's awareness that objects,are larger underwater 
.' 

results in overcompensation and :hence underestimation. ; 

It is evident however, that observers canbe tr,ained 'to 

correctly estimate length underwater with repeated practice, 

feedback on the kinds of errors being made and the use of 

a marked standard. 

Although very few of the observed classifications 

were significantly different from the expected distribution, 

examination of the differences between Dcrit and,Dmax over 

a series of trials demonstrates the improvement which can. be 

achieved relatively quickly. This is shown (Appendix 2, 

Table 28 and Figure 1) where the difference between Dmax and 

Dcrit has been plotted against the trial number of observers. 

Figure 1 -.--_ 
series of trisla 
Kolmogorov-Snirnov tent). 

‘Improvement in length estimation over a 
(Difference between Dcrit and b.xx from 
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