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;p R E F A C E 

The Internal Report series is produced primarily for the 
convenience of staff members of the Inter-American Tropical Tuna 
Commission. It contains reports of various types. Some will 
eventually be modified and published in the Commission's Bulletin 
series or in outside journals. Others are methodological reports 
of limited interest or reports of research which yielded negative 
or inconclusive results. 

These reports are not to be considered as publications. Because 
they are in some cases preliminary, and because they are subjected 
to less intensive editorial scrutiny than contributions to the Com­
mission's Bulletin series, it is requested that they not be cited 
without permission from the Inter-American Tropical Tuna Commission. 

P R E F A C I 0 

Se ha producido una serie de lnformes Internes con el ffn 
de que sean utiles a los miembros del personal de la Comisi6n 
Interamericana del Atun Tropical. Esta serie incluye varias 
clases de informes. Algunos seran modificados eventualmente 
y publicados en la serie de Boletines de la Comisi6n o en revis­
tas exteriores de prensa. Otros son informes metodo16gicos de 
un interes limitado o· informes de investigaci6n que han dado 
resultadosnegativos o inconclusos. 

Estos informes no deben considerarse como publicaciones, 
debido a que en algunos casas son datos preliminares, y porque 
estan sometidos a un.escrutinio editorial menos intenso que 
las contribuciones hechas en la serie de Boletines de la Co­
misi6n; por lo tanto, se ruega que no sean citados sin p~r­
miso de la Comisi6n lnteramericana del Atun Tropical. 
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INTRODUCTION 

At the 33rd meeting of the Inter-American Tropical Tuna 
Commission (IATTC), held in M&nagua in October 1976, it was 
agreed that the Commission should become involved with the 
problems of incidental dolphin mortality caused by tuna 
purse seining operations. As objectives it was agreed that 
11 

( 1 ) the C om mi s s i o n s h o u 1 d s t r i v e t o main t a in a h i g h 1 e v e 1 
of tuna production and (2) also to maintain doiphin stocks 
a·t or above levels that assure their survival in perpetuity, 
(3) with every resonable effort being made to avoid needless 
or careless killing qf dolphins." In September 1978 funding 
became available for the tuna-dolphin program of data 
collection, analysis and scientific research. 

One section of the research program involves the 
assessment of the effect of management strategies on the 
tuna-dolphin complex. An important part of this assessment 
is the monitoring of the levels of the commercial tuna 
populations and the levels of the dolphin populations which 
are found in association with tuna. Since the Commission's 
work begun in 1951, part of the research effort has been 
~iracted towards estimating the population levels of tunas, 
particularly the yellowfin tuna, Thunnus albacarest (Cole, 
19~0) which constitutes pract~cally all the catch of fish 
associated with dolphins. However, population estimation of 
the species of dolphin involved in this association, the 
spot ted dolph in !!Jene.U~ attenuata, the spinner dol ph in 
~· longirostris and the common dolphin Delphinu! ~elphis, is 
a relatively recent concern. 

Following the passage of the Marine Mammal Protection 
Act in 1972, the United States National Marine Fisheries 
Service (NMFS) initiated a program with the aim of 
collecting data from' tuna purse seiners involved in fishing 
for tuna associated with dolphins. These data were to be 
used to assess the impact of the fishery on the dolphins, 
both at the population level and in terms of the efficiency 
of the fleet in releasing dolphins uninjured. Fo~ the 
f o rm e r a s s e s s men t , the s c i en t i f i c t e c h n i c i a n s ( f r e q u en t 1 y 
called observers) were to stand a marine mammal watch 
whenever feasible and record pertinent data when a sighting 
was made, such as the position of the vessel, the distance 
and bearing of the school of marine mammals from the vessel, 
and the size and species composition of the school. 

The NMFS has convened two workshops with the purpose of 
assessing the status of the species and stocks of those 
dolphin populations which are affected by the purse seine 
f ish e ry f b r tun a in the e as tern tropic a 1 P a c if i c ( Figure 1 ) • 

. Most of the work concerned with estimating the density of 
·~olphins in this area has been in preparation for these 
workshops. For the first workshop, held in 1976, estimates 
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of density were base~ on the work of Smith (1975) who 
analyzed data from an aer~al survey, a rese~rch cruise and 
commercial fishing trips in 1974. Density estimates for the 
second workshop, held in 1979, were based on the work of 
Holt and Powers (1981) who analyzed data from aerial surveys 
and rese~rch riruises in 1977 and 1979. 

The data collected by technicians aboard tuna purse 
seiners have essentially unknown properties. Since 
Smith (1975), no attempts have been made to calculate 
density estimates from them. The greatest potentiai problem 
envisioned was the effect on analyses of a search pattern by 
seiners which was unlikely to be random. Other potential 
problems with these data include changes in the distribution 
of fleet effort over the area of the fishery, the response 
of d~lphin schools to approaching seiners, a lack of 
suffic~ent accuracy in the collection ot data needed for 
density estimation and the omission from the data base of 
certain information which would have led to more aocura(e 
estimates of density. However, the data collected aboard 
tuna seiners are ex~ensive-~ompared to the data collected on 
a~ria~ ~urv~ys and research cruises. The analyses o£ these 
latter data have suffered from inadequate ~overage of the 
region for which their results were intended and inadequate 
sam p 1 e !'I i z e. 

The purpose of this report is to discuss som• of the 
problems in e~timating the density of marine m~mmal 
populations by line transect sampling. In particular, the 
.~tudy is concerned with dolphin populatiohs in the eastern 
tropical Pacific affected by the tuna purse seine fish~ry, 
and esp~cially with data collected by scientific technicians 
aboard pur~e seiners. The assumptions necessary to . ~btain 
accurate estimates of densitx from the data are ·described 
and. discussed with respect to the. tunaboat. data, so . that 
their value can be assessed. After the discussions· of· the 

·assumptions, some results are presented for . ihose species 
most involved in the tuna fishery •. Finally, an ass~;ssment 
is made of the tunaboat ~ata and some recommendations sre 
m a d e w h i c h , i f f o 1 1 owed , . s h o u 1 d imp r o v e t he qua 1 i ty o f 
future data and m~ke them more conducive to accurat~ density 
estimation. Although this study is concerned solely with 
NrO'S data, the work is equally relevant to the data 
collected since 1979 by the Tuna-Dolphin program of the 
I AT 1l'G. 

ESTIMATION OF DENSITY FROM LINE TRANSECT SAMPLING 

Advances in the techniques of line transect analysis in 
recent years have led tQ. fairly reliable methods of 
e~timating the density of terrestrial populations. 
Scientists involved in conducting censuses of marine mammal 

( 

' 
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populations have now begun to turn to these techniques; 
Smith (1975), Holt and Powers (1981 ), Leatherwood, Gilbert 
and Chapman (1978) Ljungblad, Platter-Rieger and Shipp 
(1980) Best and Butterworth (1980). These and other studies 
have highlighted some of the problems associated with using 
line transect methods to sample marine mammal populations. 
In particular, Eberhardt, Chapman and Gilbert '(1979) have 
reviewed some of the difficulties arising from this 
approach. These problems are essentially violatio~s of the 
necessary assumptions which are described below after a 
brief outline of line ·transect methodology. 

Perhaps the .clearest way to describe line transect 
methodology is to treat the search track of a transect as an 
area to be sampled, recognizing that not all the targets in 
this area will be detected. Let the transect length be L 
and half the width of the search track be W, so that the 
area to be sampled is 2LW. The actual width of the track is 
unimportant since it drops out of the derivation. Let the 
true number of targets in this area beN, so that the true 
density is N/2LW. Now let the number of targets 'detected be 
n so that n = pN, where p is the proportion of total targets 
which are actually detected. Density can then be described 
as 

D ---.--
2LW 

Let g(x) be the probability of detecting a target given that 
x is the perpendicular distance from the target to the line 
of search Then the average probability of detectirig a target 
within the area 2LW, estimated by the proportion of targets 
detected, is 

f: g(x) dx J: g( x) d x. p = = 
w 

The function g(x) can be readily converted to a valid 
probability density function, f(x), such that 

f(x) 

so that if g ( 0 ) 
are detected, 

fwo 

1, i.e, 

g(x) g(x) 

g(x) dx 
pw 

all targets on the line of· search 
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f(O) =·-----
pw 

\ > . 

and density cap be written. 

n ;r( 0} 
D. "' --------

21 

It is the quantity f(O) that is e~timated in line "tranaect 
analyses. 

The crucial faotot ih the estimation procedure is the 
choice of a suitable m~del to fit to the set of o~served 
petpendicul~r didtances. Since an unknown distribution of 
&ightings is to be fitted empirically, the model should 
confo~m to expectations diciated by what it is cbnsidered 
the "tr~e" sighting dist~ibution might look lik~. Burnham, 

~And~rson agd L~ake (1980) hate discusse~ certain p~operties 
which they· feel a sighting model· shOuld possess. These are: 
t!l~ ability to fit a range Qf likely o'bserved distributions, 

~~he .~bility t~ giy~ a pooled estimate apprOximately equal to 
the mean of ~ · ~eries of suitably w~ighted itratified 
estimates, the presence o;f a "shoulder" in the shape of the 
model and a small sampling variance of the function 
evaluated at zero, f(O). 

$eyeral s:j_ghting models comply, more or less, to these 
criteria. .·They . inc;I.udE;J the Fourier 'series described by 
C.ra,in; Burnhal!l, Anderson and Laake (1~78), the exponential 
p·oJ.y:qomia1 (Crain, 1974),. the ·expbnential power series 
(Quinn, 1977; Pollock, 1978) and the revers'ed log~istic 
(Eberhardt, 1978). The Fourier series has been fo'und to be 
a go o d g e n era 1 mod e 1 by B u r n ham ~.! .!!1· . ( 1 9 80 ) • T h e 1 at t e r 
three can suffer from lack of efficiency in comparison with 
the Fourier series. The model~ used in the analyses are 
discussed further below: 

! 

' 

The assumptio~~ ~hich should be met for unbiased 
estimation of density from line trahsect sampling fall into 
three categories. There are two as~umptions related to 
obtaining an adequate sample from a target population. 

'!" .- .• 

1) Either t~e di~tribution of sampling eftort is at r~ndom 
with respect to the target population or the target 
population is distr~buted at random.· 

2) Targets are identified without erro'r.' 

In addition, there are five ~ssumptions pertaining to 
the estimation of density of groups (schools of dolphins in 
this study) e.g.·. Gates, r4arshal1and Ols.on (1968); Seber 
(1973);. Burnham and, And~nson. (1976'); Bu:rnha'm et al (1980). 
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3) All targets on the line of search are detected, 
4) Angle and distance measurement is without error, 
5) There is no undetected movement of targets in response 

to the searcher, 
6) Sightings are independent events 
7) Each target is recorded once only. 

1 
Finally , there are two 

conversion of group density 
(dolphins in this study). 

assumptions related to the 
into density of individuals 

8) Group size is recorded without error, 
9) The. probability of target detection is independent of 

group size. 

ASSUMPTIONS NECESSARY FOR ADEQUATE SAMPLING 

From all indications, dolphin populations in the 
eastern tropical Pacific are not distributed in a random 
manner. Consequently, for assumption 1 to be satisfied, 
searching must be at random. Controlled surveys, such as 
the NMFS research cruises and aerial surveys, should be able 
to satisfy this condition. However, it has often been 
thought that the data collected by scientific technicians 
aboard tuna seiners were subject to bias caused by the 
non-random searching pattern of the fishing vessels of the 
tuna purse seine fleet. One would indeed expec.t any 
commercial fishing captain to spend more time in areas where 
he expected to catch the greatest amount of fish by 
expending the least amount of effort. In areas of the 
eastern Pacific where tuna and dolphins are found in mixed 
species aggregations, dolphin schools are used by fishermen 
to locate tuna. Consequently, one might expect individual 
vessels to respond to areas where the most dolphin schools 
are sighted, which are likely to be areas of high density, 
by spending proportionally more time searching for tuna 
there. Sampling effort would then be biased towards areas 
of high dolphin concentration and estimates of density would 
be positively biased also. In other areas, mostly inshore, 
fishermen tend not to use dolphin schools to locate and 
catch fish. Rather fishing is for tuna associated with 
floating debris, "logs"~ or for free swimming schools of 
tuna. 

The problem can be viewed on two scales; attraction to 
a general area of the ocean because of a predetermined plan 
or because of fishing conditions in that area at that time 
of year, and attraction to a much smaller local area. within 
a general area because local fishing conditions happen to be 
better there. 
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The distribution of searching effort in the eastern 
tropical. Pacific tuna fishery changes considerably over 
time. This is true not only within years but also between 
years. This is demonstrated by the example in Figure 2 
which represents searching effort by NMFS technicians aboard 
seiners for the same quarter of different years. In 1977, 
approximately 55% of the total yellowfin landed had been 
caught in sets made on dolphin-associated tuna; compared 
with 35% in 1978. Complementing this is the fact that 1978 
was ~ year of exceptional abundance of skipjack, whereas 
1977 was not. The relative ·availability of yellowfin 
associated with dolphins, the relative availability of 
skipjack, which is generally not associated with dolphins, 
and oceanographic feattires ali play important rdles in 
affecting the distribution of fleet searching effort. 

In practice, the pattern of searching is a highly 
complicated matter involving several factors such as the 
fishing captain's historical knowledge, his intuition, the 
weather, code groups, the season, current fishihg 
conditions, to name but a few; but it is probably 
r~asonable to assume that the majority of any non-random 
element in searching is on a large scale, and once within a 
relatively small area searching is effectively at random. 
If this is so, i~ is possible to test for large-scale 
non-randomness in the following manner. 

If sighting success and searching effort are related 
such that 

n = 

. where a and b are constants, n is number of sightings and L 
is search effort, t~en any non-linearity in th~ data 
representing a non-random searching pattern will be evident 
as a devi~tion of the quanti~y b f~om unity. In logarithmic 
form,. the above equation becomes 

ln ( n) = l n( a) + b ln ( L) · 

so that a simple test of non-randomness is to regress ln(n} 
on ln(L) and test if the slope is different from unity. 
This has been done by stratifying the data into 5° x 5°· 
"squares" within which searching is assumed to be 
effectively at random, and using two different measures of 
sighting success. The first is simply the ~umber of 
sightings and the second is the number of sightings 
corrected for sighting conditions •. This latter qtiantity is 
nf(O), where f(O) is the sighting model function fitted to 
the set of observed perpendicular distances and evaluated at 
zero, and is proportional to density multiplied by searching 
effort. . 
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In Table 1 the results are shown for the case where 
sighting success is measured as number of sightings. Using 
all available data, there is no evid~nce that there is a 
positive response by the fleet to areas where sighting 
success was high. Rather, the opposite seems to be more 
likely to be true especially in 1976. In Table 2, where 
sighting success is measured as number of schoqls adjusted 
fqr sighting conditions, a component of density, the results 
are similar to those in table 1. This latter result is the 
important one. Although it is likely that fishermen respond 
to ~he number of scho9ls seen and whether or not they are 
associated with tuna regardless of sighting conditions, the 
important factor is whether or not they spend proportionally 
more time searching in areas of high density. 

The tendency for seiners to apparently spend more time 
in areas of low dolphin density may be due to the fact that 
some vessels prefer to concentrate their efforts on tuna not 
associated with dolphins. One solution is to stratify data 
for.each year into three area types. First where fishing is 
primarily for tuna associated with dolphins, second where 
fishing is primarily for tuna not associated with dolphins 
and third where fishing may be either mode, depending upon 
conditions. Then, estimates for each area type, or subsets 
of them, should be able to be compared between years without 
the variation in searching effort distribution being a 
problem; except for areas where fishing may be of either 
mode which may still be affected. This has been done for 
5° x 5o "squares" within the area covered by the tuna 
fishery in the eastern tropical Pacific using IATTC data on 
the proportion of sets made on tuna associated, ot not 
associated, wth dolphins. Figure 3 shows these areas based 
on data from 1970-1979. 

Table 3 shows the results of the test for random search 
within areas where fishing has been primarily for tuna 
associated with dolphins, where success is measured as 
number of sightings recorded~ Only ,the data for spotted 
dolphins in 1977 show evidence of positive non-random seatch 
for areas of high sighting rate. Table 4 shows the results 
of the same test where success is measured as number of 
schools adjusteq for sighting conditions. Evidence of 
non-random search for areas of high dolphin density is 
absent in this case. Again, this is the important result 
since this study is concerned with responses to dolphin 
density. 

From these results, it seems that the fleet as a whole, 
as represented by the sample of vessels with NMFS 

·technicians, searches effectively at random and that density 
can be estimated without bias in this respect. Several 
plausible explanations can be suggested for the results. 
Firstly, the areas of highest dolphin density may not be the 
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areas of grwatest tuna kvailability. Secondly, searching 
may be non•random, bu~ the increased set time in areas of 
h ig h e s t d 0 1 phi n d ens i t y :red u c e s the t i me s p e n t s e a r c hi n g • 
Third'ly, searching is potentially non-random, but areas of 
high density change faster than the fleet can keep up with. 
F~urthly, the assumption that searching is at random within 
a 5° x 5o "s4uare" may not be true. Probably the real 
explanation is a combination of some or all of th~ above and 
other factors, so that it may suffice to say that the highly 
compiex nature of fishing for tuna results in a flee~ search 
pattern that can be considered to be ·at random. 

There are sufficient data fo~ spotted dolphins in 1977 
in a block of nine 50 x 50 "squares to be able io 
conduct a simpl~ t~st to see whether searching is at random 
within a 5° x 50 "square"• The area used in this test 
is comprised of the numbered "squares" in Figure 1. Figure 

.4 shows the distribution of searching effort as represented 
by .line length, 4(a), and the distribution of sightings per 
1~00 nm searched, 4(b). Searching effort is certainly not 
randomly distributed withi~'the arei, but is this true with 
respect to the distribution of dolphins? The sightings per 
1060 nm statistic seems to be distributed differently to the 
searching effort. 

An analysis was conducted in the same manner as 
d esc rib e d a b' o v e , but u a in g 1 o x 1 o " aqua r e s " as u n i t s 
within 5° x 5° "squares". The measure of sighting 
success used was the number of sightings. Table 5 gives the 
results of the analysis. The test shows a significant 
departure from b = 1 for both data treatments in three 
instances but in each case the non-random element . in the 
searching is towards areas of low dolphin sighting rate. 
Evidence of non-random searching for areas of high dolphin 
density is once again ·practically absent. This lends 
support to the notion that fleet searching patterns .as a 
whole do not differ from random. 

Even when searching is known to be at random, ther~ · is 
still the question 6f sufficient ~overage of the area in 
question. Any sampling regime. should adequately cover the 
area for which the results are intenqed. $urveys should be 
designed to sample comprehensively so that qensity estimates 
do not have to .be extrapolated to areas about which nu 
informatiori is available. This is often diffibult 'for 
purely practical reasons of time or funds available or the 
size of the area in question. Sampling should ·also· be 
intense enough so that the data are able to yield 
sufficiently accurate estimates of density. Holt and Po~ers 
(1981) encountered both these proble.ms with the data they 
wa~ked with. Results from research cruise data, which 
covered almost ~ll the area but were sparse, had tq be 
calibrated with results from aerial survey data, which were 
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more plentiful but only covered approximately half the area 
under investigation. 

The sampling of a population assumes that the target of 
the sampling can be accurately identified (assumption 2). 
Incorrect identification will clearly bias estimates of 
density calculated from such a sample. The most· likely bias 
ia a negative one caused by a failure to positively identify 
a given species. This is usually not a problem for 
terrestrial surveys, but is more so for censuses of marine 
mammals. Holt and Powers (1981 ), in their analysis of data 
from aerial surveys of dolphin in the eastern tropical 
Pacific, were forced to make estimates of density for 
sc~ools of all species combined, partly due to a large 
proportion of "unidentified•• sightings. They then used 
independent information to divide this figure into various 
species. 

The inability to positively identify a target species 
may also be a problem in density estimation from data 
collected by technicians aboard tuna seiners. Each year, a 
certain proportion of sightings are recorded as 
"unidentified". The pcissibility of incorrect identification 
is small due to editing. For species termed "small whales" 
there has been a decreasing trend in the proportion of 
unidentified sightings from 0.67 in 1974 to 0.37 in 1979. 
For dolphins, however,' this propor.tion has fluctuated from 
0.24 to 0.38 with no discernable trend during the same 
period. It is likely that schools of spotted and/or spinner 
dolphins are positively identified more often than average, 
since fishermen are more interested in these species which 
most often associated with tuna and will tend to watch them 
more closely. Of those schools that remain unidentified, 
only those directly on the line of search will affect 
estimates of density since this violates assumption 3, 
discussed below. 

What these last three points emphasize is that there 
are several practical difficulties in obtaining an adequate, 
unbias~d sample from an oceanic population. For the dolphin 
populations affected by the tuna purse seine fishery in the 
eastern tropical Pacific, data from both the controlled 
~urveys on research vessels and aircraft and the 
uncontrolled surveys on tuna purse seiners present problems 
in analysis. An ideal sampling regime would perhaps combine 
th~ coverage of the fishery data with the random sampling of 
the research cruises and aerial surveys. 
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Of the five assumptions listed above numbers 6 and 7 
seem to be readily satisfied by data collected from sampling 
oceanic populations. It is not a problem to ensure that a 
school is only counted once during any one period in time. 
Of course, a school may be encountered more than once during 
a survey but on another transect in a different time/area 
stratum. An exception to this could arise if a pop~lation 
shows a general non-random mov~ment during a survey, such as 
during a migration. This ·has presented problems in aerial 
surveys of bowhead whales, Balaena &~etus, off the north 
slope of Alaska (Ljungblad et al., 1980). A suitably 
designed survey should be able tO eliminate this problem. 
Neither is it unreasonable to assume that sightings are 
independent events, at least under present methods of 
collecting data. In most surveys, when a sighting is made, 
the. observers cease to search in the normal way and go "off 
effort". Consequently, any sightings made while circling or 
tracking down the initial target would not be iricluded in 
the data. The problem of ho~ to ireat these "secondary" 
sightings is important to several surveys, for example the 
IDCR minke whale assessment surveys in the southern ocean 
(Best arid Butterworth, 1980) and the surveys for do~phins in 
the eastern tropical Pacific discussed here. At present, 
there is no accepted method of including these data in 
estim~tions of density, resulting in considerable numbers of 
~ightings being discarded. 

AssUmption 3, that targets are never missed ori the line 
of search, that is, g(O) equals unity, is perhaps the most 
im~o~tant. It is important because it is likely to be 
violated in a number of ways. Firstly, marine mammals spend 
a large propdr~ion of their lives submerged beneath the 
surface of the ocean where they cannot be detected. For 
species which typically travel singly or in small groups 
this is likely to cause animals to be missed on the line of 
search. · Doi (1974) ~as estimated that fo~ large whales in 
the Antarctic ocean, only 11.2 22.1% of the animals 
present ~ould be expected to be seen within a st~ip transect· 
specified by his particular 6ondition~. Doi assu~ed a 
constant probability of detection within the strip,' implying 
that large whales present on the line of search cannot be 
expected to be detected ~ith unit probability. Smaller 
cetaceans, which typically travel in larger school&, are 
probably not subject to this probLem to the same extent; In 
particular, those species of interest to the tuna fishery in 
the eastern tropical Pacific seem to travel in schools of 
sufticient numbers so that part of the school is always at 
the surface. Secondly, animals present on the line of 
search and at the surface may still be unable to be detected 
due to adverse sighting conditions. There is some 
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suggestion that sightings of whales begin to drop off at 
about Beaufort scale 3-4 (Gulland and Kesteven, 1964; 
Christensen, 1977) but this may not be the same for schools 
of dolphins. If animals or schools are missed on the line 
of search, g(O) is less than unity and estimates of f(O), 
and th~refore density, will be biased downwards. 

The questions concerning this assumption appear to be: 
can the proportion of schools which go und~tected be 
estimated, and, is this proportion a constant? Clearly, the 
proportion will vary between species, but it may also vary 
within species in different time/area strata since sighting 
conditions at sea, whether from aircraft or ships, are very 
much affected by the weather, as measured by the Beaufort 
scale. It seems highly likely that the proportion of 
undetected schools, and therefore estimates of f(O) would be 
a function of sighting conditions and thus it is necessary 
to test whether estimates of density are affected by 
Beaufort scale. Unfortunately, these data were not 
collected in a suitable form by NMFS technicians between 
1 9 7 4 a n d 1 9 80 • Howe v e r , NM F S t e c h n i c i an s a r e c o 11 e c t i n g 
these data in 1981 and IATTC technicians have collected 
similar data since 1979 and an analysis is planned to 
investigate this problem. At Beaufort scale zero, g(O) is 
probably equal to unity for schools of dolphins affected by 
the eastern tropical Pacific tuna purse seine fishery. It 
remains to be seen whether higher Beaufort scales cause g(O) 
to be depressed to less than unity. 

A third way in which targets may not be detected on the 
line of search involves a further assumption, number 4, that 
targets do not move in response to an approaching ship or 
aircraft before they have been detected. Aircraft travel 
quickly enough for this not to be a problem, but it may be 
so for shipboard surveys. If undetected evasive movement 
occurs, estimates of f(O) and density will be biased 
downwards. If undetected attractive movement occurs, 
estimates of f(O) and density will be biased upwards. There 
have been many reports of bottlenose dolphins, T~rsiops 
truncatus, and common dolphins, Delphinus. del:eh:i.:.E._, in some 
areas running towards vessels when they were first sighted. 
It is also well-known that spotted dolphins, ~nell~ 

.attenuata, and spinner dolphins, Stenella longiros~ris, will 
run from approaching vessels. What is not clear is whether 
this movement occurs before or after the ~chools have been 
sighted and their relative position fixed by the recording 
of angle and distance data. Some recent analysis (Au and 
Perryman, personal communication) suggests that schools of 
spotted and spinner dolphins can begin to move away from a 
yessel's line of search before they have been detected by 
shipboard personnel. However, these results are based on 
littl~ data and need corroboration. Until this important 
point can be clarified, the question of whether estimation 
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of density is affected by the movement of schools in 
response to an approaching vessel must remain unanswered. 
Two methods of .. as~essing the problem are currently being 
discussed. Firstly, ship-based helicopters could be used to 
track the rSlative position of a school as a vessel 
approaches. This method was used in the experiment analyzed 
by Au an d P e r ry man • S e co n d 1 y , two o r m or e v e s s e 1 s on 
parallel tracks could be used to test whether sighting 
distributions differ "inside" and "outside" the vessels. A 
nu~ber of crucial factors affect experiments of this fatter 
type, such as the distance between the vessels' tra.Qks. It 
is not clear whether this ·approach has enough resolution to 
detect slight amounts of movement which may nevertheless 
have an import~nt effect on the esti•ation of density. 

The final assumption (number 5) in this section 
concerns the accurate collection of angle and distance data, 
so that the perpendicular distance of a sighted school from 
the line of search may be calculated without error. Data 
from whi~h transect lengths can be calculated can usually be 
coll~cted without error and therefore do not present a 
problem in this respect. On aerial surveys, perpendicular 
distan~e is usually measured directly and although the 
methods used still contain an element of error, the problem 
is far less acute than it is on shipboard surveys. In these 
cases, perpendicular distarice is calculated from estimates 
of sighting angle and sighting distance. Clearly, some 
degree of error is inevitable and the important factors are 
to ensure that this error is restrained to a minimum and is 
unbiased. The effect of variable or biased recording of 
angles and distances on resulting perpendicular distance 
distributions has not been thoroughly analyzed, alth~ugh the 
~roblem .has been recognized by Eberhardt (1978) and 
Eb~rhardt, Chapman and Gilbert (1979) and briefly 
investigated by Butterworth (personal communication). It is 
clear, though, that these d·istributions will be affected in 
the important region close to zero mostly by errors in ahgle 
measurement. 

It w~s · found, while using data collected by NMFS 
technicians aboard tuna seiners to make e~timates. of scbool 
dertsity, that it often pr~ved difficult to obtain a good fit 
of the ~ighting model f(x) to the observed perpen~icular 
distances. The distribution of these data, close to zero, 
was frequently too uneven to allo~ accure estimation of 
f(O). Also, different models frequently gave v~ry different 
estimates of f(O)~ Figure 5 sh~ws an example set of data 
~or spotted dolphins taken from a single 5° x 50 · 
;• s qua r e" in an a r e a w he r e f i shin g was p r :i. mar i 1 y for tun a 
assoc~ated with dolphins. Clearly, the choice of model is 
crucial where the data are distributed in a similar manner 
to the figure. When the data were examined closely it was 
found that technicians typically rounded angles to 

.. 
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convenient values, usually the nearest 100. Simulations 
show that perpendicular distance distributions can be 
produced which~ by ~ounding data to convenient values, 
display a similar shape to some of the field data. An 
investigation was conducted using simulated data based on 
distribution of angles and distances which correspond to 
those actually recorded at sea. Figure. 6 shows 
p~rpendicular distance distributions calculated from 
sighting distance and angle dat~ typical of apotted or 
spinner dolphins in areas where fishing is primarily for 
tuna associated with dolphins. Two factors make the 
distributions smoothir and therefore more likely to allow a 
good fit of the sighting model. These are: 1) collecting 
angle artd distance data more accurately and 2) grouping the 
perpendicular distance data into larger intervals. The 
former is the ideal solution and, although angles have 
mostly been rounded to the nearest 100 in the past, it 
should be possible for technicians to collect data to the 
nearest 5° and 1.0 nautical miles. This would produce 
distributions more like that shown in Figure 6b 
demonstrating that it is more important to estimate sighting 
angles accurately than it is distances. Data collected up 
until now are distributed more like the simulated data in 
Figure 6a. Clearly, the accuracy in fitting the sighting 
model to perpendicular distances will be greater if the data 
can be collected more accurately. 

Although rounding of sighting angles to convenient 
values accounts for much of the irregular shape of the 
perpendicular distance distributions, there is another 
factor involved. There seems to be an inverse relationship 
between the frequency of sightings and sighting angle• 
implying that fishermen on tuna purse seiners spend 
proportionally less time searching as they sweep from ahead 
to abeam. Figure 7 shows sighting angle data for spotted 
and spinner dolphins collected from 1977 to 1979 in areas 
where fishing has been primarily for tuna associated with 
dolphins. The decrease in frequ~ncy with increasing angle 
is easily seen. The figure is a little misleading in that 
most of these data have been rounded to multiples of . 10°, 
some to multiples of 5o, and the first interval therefore 
contains mostly angles of oo and 10o, whereas the second 
contains mostly angles of 200 only, and so on. However, 
this does not alter the general picture. Tbes~ data, when 
combined with sighting distance data, produce perpendicular 
distance distributions of a similar shape. This is of no 
consequence in itself, but when it is combined w~th the 
problem of rounding error, as discussed above, distributions 
can be produced to which it is even more difficult to fit a 
sighting model. Figure 8 shows perpendicular distance data 
for spotted and spinner dolphins collected in areas where 
fishing has been primarily for tuna associated with d~lphins 
between 1977 and 1979. Although there is some variation, 
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the _distributions typically show a high frequency of 
sightings in ~he firit ·interval and a lower frequen~y ~n 
following interv~is which ~radually declines further. The 
~arne general shape is observ~d whatever the interval width 
chosen, although the smaller the width the greater the 
variation in the distribution. It seems that these 
distribtitions ca~ be explained by a combination of the 
effects of rounding error and more intense searching closer 
to the bow. Of the many distributions observed in _this 
study, a range of shap~s has been f6und corresponding to 
va~ying relatfve. influences of these two factors. For 
future data to b~ readily analyzed• they should be collected 
w i t h g r e a t e r' a c c u r a c y o r , i f t h i s p r o v e s d i f f i c u l t , 'i t may 
be· possible for data to be g·rouped into intervals large 
enough to smooth out irregularities in the dist·ributions but 
small enough to al:low density estimation of sufficient 
accuracy. Irivest.igations are continuing ·on this subject • 

. What ~he discussibris and analyses of this section· ~how 

is. that th~re a're several problems associated with making 
acc~rate estimates of density from data collected by 

. 't e chn.ic ians aboard tuna purse s e :i.ners. The invest i ga t'io n of 
'the_~ssumpti~n~ and the data has shown that we are closer to 
being ~ble to use the data to make unbiased estimates of 
school density, but that ~roblems still remain. Experi~ents 
ai~ ~nalyse~ undertaken in the.near future should allow us 
even more confidence in being able to quantify the biases 
inherent in the data. 

ASSUMPTIONS NECESSARY FOR UNBIASED 
tONVERSION TO DENSITY OF INDIVIDUALS 

Two assumptions should be m~t'if the conversion from 
density of groups to deneity of individuals is to be 
unbiased~ Firstly, it ~ust be assumed that group size is 
measured without error (assumption 8). Clearly, this is 
unlikely to be true for surveys of marine mammal 

. populatiotis, especially the smaller cetaceans. The si~e of 
a dolphin-school ie extremely difficult to estimate~ both 
from aircraft o~ shi~s. From ships, the accuracy of schoOl 
size estimation ranges from educated guesses if the school 
is not seen clearly to fairly accu~ate counts if the echool 
,is tracked down and/or set on~ Results from data collected 
,aboard ,the IArrTC chartered seiner M/V GINA ANNE' suga::;est that 
:school size can be estimated . fairly accurately . b;y bOth 
~technicians and crew (Allen, Bratt-en, Laake, Lambert, 
Perrymanand Scott, 1980). ·For the crew as a whole and· fo'r 
·each individual technician the mean oVerall differeti6e 
betwe(?.n estimates and a ligrourtd truth" count at the backd'own 
channel was within 20% in each case. ,However, 'this does not 
imply that all data dollected in the p~st . can boast· this 
degree of accuracy., Estimates m,ade by te'chnicians can 
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differ widely from estimates made by crew members so that 
mean school sizes are not comparable. Additionally, trends 
in mean school sizes differ in many instances. Typically, 
mean school sizes estimated from technician data have 
declined more rapidly in recent years than estimates from 
crew data. Figure 9 shows mean school size estimates for 
spotted and spinner dolphins made by technicians and crews 
from 1974-1979 for the whole area of the eastern tropical 
Pacific tuna fishery. It is not clear which results most 
accurately reflect the truth. At present there se~ms to be 
no way to ascertain th.is, although improved methods of 
training technicians to estimate school size using films 
taken during the chartered cruise of the M/V GINA ANNE 
should result in increased confidence in estimates made by 
technicians in the future. Indeed, changing techniques of 
estimation by technicians is one possible explanation for 
the greater decline in these results. A further source of 
error in mixed species schools is the estimation of the 
percentage composition of each species present. This may be 
fairly small for schools which have been the target of a 
chase and set so that the technician has a good look at the 
animals, but may be fairly large for schools which are not 
followed up after sfghting. 

The second assumption (number 9) that the probability 
of detecting a target is independent of group size, may also 
be violated. It would seem likel7 that larger schools of 
marine mammals would be easier to detect simply because of 
their size. Indeed, Holt and Powers (1981) have shown that 
the probability of detecting a school from aerial and 
research vessel platforms in 1977 and 1979 was approximately 
proportional to the logarithm of school size. However, 
there are factors which complicate the simple application of 
such models for adjusting mean school sizes. Many sightings 
of dolphin schools are cued by flocks of associated birds, 
especially in areas where fishing is primarily for tuna 
associated with dolphins, and there may not necessarily be a 
correlation between the size of bird flock and the size of 
an associated school of dolphins. A study is planned to 
test for correlations between the sizes of aggregations of 
birds, dolphins and tuna found together. Also, the 
probability of detecting a group of dolphins of a given 
species is not dependent upon its size if that group is part 
of a mixed species dolphin school. Clearly, until there has 
been more analysis identifying the effects of school size on 
the probability of detection, this must be treated with 
caution. 

It is probably true to say that there remain more 
problems with the assumptions in this section than in the 
two preceding sections. Neither of the problems discussed 
above has an immediate solution in the forseeable future. 
Where estimates of numbers of animals is not the ultimate 
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goal of an analysis it may be more reasonable to assume that 
mean school size has not changed greatly over the last few 
years, · despite some evidence 'to the contrary, :and to use 
density of sch6ols ~s a measure of abundance. 

ESTIMATES OF DENSITY FROM AVAILABLE DATA 

-It is cle.ar from the discussions in the precedit).g pages 
that there are a number of biases to be expected in 
estimates of. dolphin density made from existing data 
collected aboard tuna· purse seiners. It is also clear that 
sev.eral of these b.iases are capable of .being at .least 
reduced in estimates made from data collect,d in the future, 
while. others need to be clarified by experimentation. The 
question p~sed in this section is how much confidence can be 
placed in estimates of density (absolute or r;elative) made 
from ·data currently available? ~Phe uncertainties discussed 
ab~ve sugge.st that absolute density estimation from these 
data is impossible at this stage~ However, some degree of 
c on f i d en c e may be ex p e c t.e d: f o r d e n·s i. t y e s t i m a t e s · w h ~ c h a r e 
relative me~sures, capable only of bein~ compared with each 
other an~ thus showing possible trends in population sizes. 

There is no reason to believe that the propo~tion of 
schools 'remaining undetected on the line of search of the 
vessel has ~hanged over the la~t few y~ar~ of the fishery. 
If w~~ther does a£fect si~hting ~onditions, as seems 
probable, there will be some variation between years due· to 
changes in the distributions of searching e~fort and ~~~ther 
over time arid area, but this i~ unlikely t~ b& a serious 
problem~ Similarly, although measurefuent error in-sighting 
distances a~d, p&rticul~rly, angles does cause problema in 
fitting'sighting models to some distributions, the·effec~ of 
this may be expected to have remained constant-through this 
pe~iod. However, the Yariation that does exist between 
years can lead to differences in the validity of the .various 
sighting- models ·available, as is discussed further belQw. 
The existence of undetected evasive movemen~ _in respon~e to 
~n ·approaching v~ssel, and the .magnitude of this phenomenon 
if it is significant, are also unli~ely to have changed 
since data collection .began in 1974 .. During the 1960's; one 
might .. have expected target- species o:t: _dolphins to b~come 

more and more w.ary of tu.na boa,t s as the purse seine fi f:\he ry 
developed, but since the early 1970'.s it is reasonable to 
assume that any learned behavior .of this kind _has reached a 
p l a t e au i n are as .·· w hi c h ha v e be e n , he a, v i 1 y f i s he d · f o r so m e 
time. 

The conflicting evidence between c~ew :and technician 
e~timates of· me'n scho61 ~iie do present-a prob~em with 
respeet·to the comparison of relative .measures of density 
betw~en yearsi but ~ny bias in eciti~atee of mean school size 
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due to larger schools being over-represented in the sample 
should be constant between years. It is true that methods 
of school size estimation have improved greatly in recent 
years~ and this may, at least partly~ account for the 
decreasing trend in mean school size estimates calculated 
from technician data (Figure 9). It is also possible that 
mean school size has dropped and that crew estimates have 
increased in some manner. It may also be a co~bination of 
these factors. The two extreme courses of action would be 
to assume either that technician data were correct and to 
treat density of individuals using technician school size 
data as a relative measure of population size, or that crew 
data were correct and there has been essentially no 
significant change in mean school size so that density of 
schools is a valid relative measure. 

Before a selection of results are presented, it is 
first necessary to examine the effects of different sighting 
models on the estimation of f(O). Two causes of problems in 
fitting models to distributions of perpendicular distances 
have been discussed; the rounding of sighting data, 
particularly angles, to donvenient values and the more 
intense searching ahead of the vessel relative to abeam. 
The two sighting models chosen in this analysis for 
comparison were .the Fourier series, a robust estimator 
capable of providing an accurate fit to any set of data and 
the exponential power series, a monotonically decreasing 
estimator with great flexibility able to approximate 
functions ranging from almost uniform to those decreasing 
very steeply at the origin. Given accurate perpendicular 
distance data, both models estimate similar values for the 
quantity f(O). Given inaccurate data, these estimates can 
be very different as demonstrated by Figure 5. The question 
of which model. should be used is not easily answered. If it 
were assumed that observed distributions were spiked close 
to zero entirely due to more intense searching ahead of the 
vessel so that the frequency of observed sightings close to 
the line of search accurately represented the true frequency 
of schools, then the Fourier series would provide the most 
accurate estimate of f(O). Conversely, if it were assumed 
that distributions were spiked close to zero entirely due to 
measurement error, then the exponential power series would 
estimate f(O) more accurately. Since the truth seems to lie 
somewhere between these two extremes, perhaps the most just 
way to represent the results of the analyses of these data 
is to use both models for comparison. 

The data from the NMFS merged effort and sighting files 
have been edited in the following manner. Data collected 
qutside the eastern tropical Pacific have been eliminated, 
as have data collected aboard research or chartered cruises. 
In addition, cruises were excluded where perpendicular 
distances could be calculated for less than 75%.of the 
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sightings, Although some cruises span calendar years, 
analyses a~e limited to single years. The analysis has 
dealt only with sightinJ(S made while the o·bserver was on 
marine mamm~l wat~h. · Data collected while the vessel was 
"circling" logs or free swimmii~ tuna have been ignored. 
Sightings where perpendidular distance could not be 
calculated have nece~sarily been omitted, as have those 
where no species code was recorded. Legs of er'fort, and 
sightings made within them wer~ discarded it there were 
errors. in the . beginning and/o~ end times or if th~ vessel 
speed was zero. If vessel speed was not recorded for a leg 
it was assumed to be th~ same as in the previous leg. If 
position was n~t c6llected for a leg it was · a~sumed t6 be 
the same as in the previou~ leg uriless this was not on the 
same day, in which case it was discarded. Finally, some 
positions erroneously record~d as south of the equator 
instead of north, and conversely north instead of south, 
were corrected. 

The res~lts presented are fdr the years· 1977-1979. 
Data collected' before 1977 have been ignored in the analyses 
f.or two reasons. Firstly, in 1975 and 1976 technicia-ns were 
apparentl~ incorrectly traine4 in data coll~ction 
methodology such that sighting distances and angl'es were not 
record~d until th& school of marine mammals was physidally 
s en. ·Many sightings of dolphin schools, particularly in 
areas where . fishing is primari1y for dolph~n-asiociated 
tuna, are cued by flOQks of birds which can be detected at 
greater dist.ances than .the dolphin schools the~selves. 

Consequently, the ve~sel had fre~uently turned tdwards the 
school before sighting data were recorded, re~ultirig in much 
greater p~oportions·or small sighting angles (•ostly, oo) 
and in greater proportions of small sighting distances. 
Such ~evere biases in. the data rend~r them useleis for 
density estimation. Secondly, in 1974 there' was an fnflated 
p r o p o r t i o n: o f a n g 1 e s r e c o r d e d as 0 o ~ u g g e s t i ri'g ·· th a t 
sighting ~ngles had been rounded ndn~rando~ly to zero. This 
renders the 'data for this year s'uspect, 'also. 

Figure 10 shows· estimates of school density for spotted 
and spinner dolphins· calculated using both the·FouPier 
series sighting in.odel ll,nd the exponential ;power series~ model 
for areas whete fishing has been pri~a~ily for t~na not 
associa~ed with ~olphins and fo~ 'areas where f~shlnt has 
been primarily frir tuna associated with dol~hfns'b6th inside 
and o~tside the CYRA.(see Fig~re· 3). The. estimate~· have 
remained approximately 6onstant d~ring the tWtee year 'period 
$xcept for estimates made. using t~e Fourier series model in 
areas w~ere fishi~g has be~n ~rimarily f~r tuna 'associated 
wit.h dolphins. inside ·the CYHA.· 'l'he Fourier series is 
strongly dep'en.dent on the pro·portion of 'perpendicular 
distances whic.h are. zero. This'dJcifned betw~en 1977 ·and 
1979 in the area in C{Uestidri and the 'declining trend in 
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density is considered to be due to this and not to a real 
decrease in density. 

Figure 11 shows estimates of animal density for the 
same data stratifications as above. For both spotted and 
spinner dolphins in areas where fishing has been primarily 
for tuna associated with dolphins inside the CYRA there is 
evidence of a declining trend in density, this being 
stronger for estimates made using the Fourier series model 
than for estimates made using the exponential power series 
model. There is also evidence of a declining trend in the 
density of spotted dolphins in areas where fishing has been 
primarily for tuna associated with dolphins outside the 
CYRA. These declining trends in animal density are due 
large1y to declining trends in mean school size calculated 
from technician school size estimates (Figure 8). 

It is interesting to note that the Fourier series is 
n.ot necessarily the best model to use in the analyses of 
data from areas where fishing has been primarily for 
dolphin-associated tuna. This demonstrates that although 
the Fourier series is frequently an automatic choice of 
model if data are good, it is best treated with caution if 
data are poor. 

SUMMARY 

The increased application of line transect sampling 
methods to marine mammal populations in recent years has 
highlighted many of the problems in adopting this approach. 
The aim of a marine mammal survey is usually to obtain an 
absolute density estimate of the species in question which 
can then be converted to total number of animals present. 
If this cannot be achieved, relative density estimates 
capable of being compared between years or areas may be 
possible. In this report, data collected by NMFS 
technicians aboard tuna purse seiners have been analyzed to 
demonstrate the effects of violating some of the assumptidns 
necessary for line transect sampling to give unbiased 
estimates of density. The analyses have been used to assess 
the validity of making estimates of density from these data 
using these methods. With respect to these data, some 
problems seem to be und~r control, others are being 'studied 
and others remain to be investigated by experimentation and 
analysis. 

The problems which have been at least partially 
accounted for are those concerning non-random search, 
irregular perpendicular distance distribUtions and variable 
distributions of searching effort. The analyses in this 
study showed that effort has not been concentrated in areas 
where dolphin school density hass been estimated to be 
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highest in ar~s w4ere fishing has been . primarily for tuna 
~ssociated .with dblphins. In cither wprdsr fleet searching 
is effectively at random. Irregular distributions of 
observed perpendicular distances. can. be explained by two 
factors;. the .ro~nding 'o:fsightine;; angles and distances to 
convenient ,values and a gre~tq~ aearching intensity towards 
the bow of the .vessel~ 'l'hf?re also niay .be .other' factors 
involved but 4istributions typical of the data investigated 
he.re could b• acc0unted for. by a combination o£ rqunding 
error and nqn.-unif6rm searching with respect to angle. 
Differ~nces ~n distributions of · sear6hing effort between 
y e a r s can be minimized by s t r a t if yin g the are a o f the tun a 
fis~ery in the eastern'tropical Pacific into areas where 
fishing ha~ been primarily for tuna ~ssqciated with dolphins 
and areas .where fishing has been primarily for tuna not 
associated with ~olphins. 

Problems currently being investigated include the 
effect of weather_conditions as measured by Beaufort scale 
on derisity estimates, the effect of datecti~g schools 
thrOugh bird cries ori estimates of mean school size, and ihe 
feasibility 6f giouping perperidicular distance ~ata. · The 
IATTq . has. searching effort data which is stratified by 
Beaufo~t s6ale so that density estimates can be made for 
different weather conditions. A study to dete~mine whether 
density is correlated to Beaufort scale is planned. From 
1974 to 1978 the NMFS collected data on the size of bird 
aggregations associated with dolphin schools, and a further 
study is planned to detevmine whet~ar size of bird flock is 
c orr e 1 a. ted w i t h . s i z e o f d q 1 phi n s c.h o o 1 o.r w i t h s i z e o f tun a 
school where this informati~~ is availa~le. A study is- also 
planned to investigate the ~ffE;lC.t~ ,of grouping perpendicular 
distances . calqulated · from sl.gh~.ing dist.ance and .. angle 
distributions .on 'the estimation of r(o'). j.n order to. provide 
more aocur>ate,estimates of density. ·· 

Problems -which rem~in to b.e investigated include the 
bias in assuming that g(O)' is equal .t.~ unity, undetected 

.movement ,away from .th,e li:ne of search and variatiops in mean 

.school size estimates. It is 1.10t plear h.ow to estim!'lte the 
proportion of dolphin schools mis~'d on the line,of ~@arch, 
but it the. not unreasoriable a~sumpt~on th~t iri ~erfect 
sighting conditions g(O) equals unity is made,··· the problem 
r eve rt s . to o n e , o f c hang e s in g ( 0 ) d u e t o we a the r c b n d i t ions • 
Undetec.ted movement ·should be able to be es'ti·mated directly. 
A b~ief prelimin~ri study has already s~owrt that schools can. 
be tracked by a helicopter ·as the vessel approaches· on its 
~ine ot search~ A. more.comprehensive study may provide the 
information needed to assess whether movement is a proplern 
in .density estimat'ioh of dolp;!dns af:i:'ected by th~ eastern 
tropical Pacific' t)lna fi.~s't_lpry.' l?r6bleihs .with mean school 
~ize estimates c~n probably neVe~ be'~p~pl~tely sblved. The 
best th~t may'. be ho,ped for' is t,o''be able. 'to train 
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technicians sufficiently well so that mean school sizes from 
their data can be accepted as true estimates. Crew school 
size estimates harbor so much uncertainty and variation that 
it is unreasonable to use them as absolute measures of 
school size. However, during periods where technician mean 
school size estimates change considerably, crew estimates 
may provide a useful r~lative comparison. 

It seems clear that absolute estimates from these 
tunaboat data are not feasible at this stage, either from 
historical data or from data collected in the immediate 
future. Until the problems involving schools missed on the 
line of search, movement and weather conditions are 
investigated estimates will have to be treated as relative 
to ·one another. Stratification of the data into areas of 
different fishing modes allows the density of schools in any 
one area to be compared from year to year with a reasonable 
degree of confidenc~. In the future, methods of collection 
and analysis of tunaboat data may be developed which will 
allow density estimates to be taken as absolute measures, 
but until then estimates should be treated as relative 
measures only. 
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FIGURE LEGENDS 

Figure 1. Appr~ximate area of the eastern tropical Pacific 
tuna fishery. 

Figure 2. Representation of sampling effort by NMFS 
technicians aboard tuna seiners in (a) the 2n~ 
quarter of 1977 and (b) the 2nd quarter of· 197~. 

Figure 3. Areas of the eastern tropical Pacific tuna fishery 
where (A) fishing has been primarily for tuna 
associated with dolphins and (B) fishing has been 
primarily for tuna not associated with dolphins. 
Data from IATTC records of the proport.ion of 
"porpoise" sets and "non-porpoise" sets in 50 x 
5° "squares" fro1a 1970 to 1979. 

Figure 4. Distribution of data collected by NMFS technicians 
for spotted dolphins in 1977 in a 150 x 150 

, " s qua r e " • ( a ) S e a rc hi n g e f f o r t as 1 in e 1 eng t h o f 
track searched. (b) Sightings per 1000 nm 
searched. 

Figure 5. Observed perpendicular distances recorded by NMFS 
technicians aboard tuna purse seiners in a single 
50 x 50 "square" in 1977 for schools of 
spinner dolphins, fitted by the Fourier series 
model and the exponential power series model. 

Figure 6. Perpendicular distance distributions calculated 
from simulated sighting angle and si~hting 

distance data typical of data collected by NMFS 
technicians aboard tuna purse seiners for (a) 
angles rounded to nearest 100, distances rounded 
to nearest 1 • 0 nm; ( b) a ng 1 e s to 5 o , distances 
to 0,5 nmi (c) angles to 2°, distances to 0.2 
nm. Each series of three distributions shows the 
same data with different groupings. 

Figure 7. Distributions of sighting angles recorded by NMFS 
technicians aboard tuna purse seiners for spotted 
dolphin schools and spinner dolphin schools in 
1917, 1978 and 1979 in areas where fishing has 
been primarily for tuna associated with dolphins. 

Figure 8. Distributions of perpendicular distances 
calculated from ~ata collected by NMFS technicians 
aboard purse seiners for spotted dolphin schools 
and spinner dolphin schools in 1977, 1978 and 1979 
in areas where fishing has been primarily for tuna 
associated with dolphins. 
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Figure 9. Estimates of mean school sizes calculated from 
data recorded by NMFS technicians aboard tuna 
purse seiners from 1977 to 1979 for spotted 
dolphin schools made by (a) crew and (b) 
technician and for spinner dolphin schools made by 
(c) crew and (d) technician. 

Figure 10. Estimates of school density calculated from data 
collected by· NMFS technicians aboard tuna purse 
seiners for the years 1977 to 1979 fo~ spotted 
dolphin schools (a)-(f) and spinner dolphin 
schools (g)-(1), using the Fourier series sighting 
model (a)-(-c) and (g)-(i) and the exponential 
power series sighting model (d)-(f) and· (j)-(1), 
for areas where fishing has been primarily for 
tuna not associated with dolphins (a), (d), (g) 
and (j) and areas where fishing have been 
primarily for tuna associated with dolphins inside 
the CYRA (b), (e), (h) and (k) and outside the 
C Y RA ( c) , ( f) , ( i) and ( 1) • 

Figure 11. Estimates of animal density calculated from data 
collected by NMFS technicians aboard tuna purse 
seiners from 19.77 to 1979 for the same 
stratifications as Figure 10. Technicians 
estimates of mean school size have been used in 
these calculations. 
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TABLE 1. 

Species 

Spotted 
Spotted 
Spotted 
Spotted 
Spotted 
Spotted 

Spinner 
Spinner 
Spinner 
Spinner 
Spinner 
Spinner 

TABLE 2. 

Species 

Spotted 
Spot1;.ed 
Spotted 

Spinner 
Spinner 

Results of' a test for non-random searching patterns using data from 
all areas. Significant departure of regression co-efficient (b) 
from unity represents evidence of non-randomness. Regression equation 
is ln(n) = ln(a).+ b l~(L) where a and bare constants, n is schools 
sighted and L is length bf search track. 

Year b s .E. (b) 

1974 0.594 0.382 

1975 1.109 0.347 

1976 0.134 0.275 

1977 1.111 0.166 

1978 0.665 0.207 

1979 0.489 0.278 

1974 0.487 0.366 

1975 0.746 0.411 

1976 -0.027 0.242 

1977 1.205 0.185 

1978 0.619 0.200 

1979 0.357 0.318 

Student•s t d. f. 

1.063 15 

0.314 20 

3.149 38 

0.669 45 

1.618 41 

1.838 35 

1.402 14 

0.618 18 

4.242 38 

1.108 44 

1.905 41 

2.022 35 

Significant 
deviation 
from b=1 at 
5% 1 evel 

no 
no 
yes 
no 
no 
no 

no 
no 
yes 
no 
no 
no 

Results of a test for non-random searching patterns using data from 
all areas. Significant departure of the regression co-efficient (b) 
from un~ty represents evidence of non-randomness. Regression equation 
i.s ln(n {o)) = ln(a} + b ln{L) where a and b, are constants, nf(o) is 
the number of sighted schools adjusted for sighting conditions, and 
L is length of search track. 

Year b S.E. (b) Student•s t d.f. Significant. 
deviation 
from b=1 at 
5% 1 evel 

1977 0.848 0.172 0.884 27 no 
1978 0.902 0.174 0.563 15 no 
1979 0.518 0.338 1.426 11 no 

1977 0.690 0.237 1.308 22 no 
1978 0.450 0.153 3.595 9 yes 
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TABLE 3. Results of a test for non-random searcning patterns using data from 
areas where fi~hinghas been prim~rily for tuna associated with dolphins. 
Significant departu,re, of regr.ession co-efficient (b) from unity represents 
evid.ence of non-randomness. Regression equation is ln(n) = ln(a}+bln(L) 
where a and b are constants, n is schools sighted and L is length of 
search track. 

Species Year b S.E. (b) Student's t d. f. Significant 
deviation 
from b=1 at 
5% level 

Spotted 1976 0.615 0.238 1.618 15 no 
Spotted 1977 1.223 0.101 2.208 17 yes 
Spotted 1978. 1.016 0.261 0.061 15 no 
Spotted ' 1979 1.704 0.337 2.089 11 no 

Spinner . 1976 0.437 0.144 3.910 15 yes~ 

Spinner 1977 1.359 0.287 1.251 17 no 
Spinner 1978 0.874 0.324 0.389 15 no 
Spinner 1979 '1.685 0.369 1.856 11 no 

TABLE 4. Results of a test for non-random searching patterns using data from 
areas where fishing has been primarily for tuna associatrd with dolphins. 
Significant departure of the regression co-efficient (b) from unity 
represents evidence of non-randomness. Regression equationA is 
ln(nf{o)) = ln(a) + b ln(L) where a and b, are constants, nf(o} is the 
number of sighted schools adjusted for sighting conditions, and L is 
length of search track. 

Species Year_ b S.E. {b) Student•s t d.F. Significant 
devi~tion 
from b=l at 
5% level 

Spotted 1977 1.081 0.236 0.343 12 no 
Spotted 1978 0.630 0.386 0.959 5 no 
Spotted 1979 1.214 0.383 0. 5.59 5 no 

Spinner 1977 0.827 0.337 0.513 12 no 

., 
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