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OBSERVER EFFECTS IN SHIPBOARD SIGHTING SURVEYS 

OF DOLPHIN ABUNDANCE

John B. Cologne and Rennie S. Holt

Southwest Fisheries Center 
National Marine Fisheries Service, NOAA 

La Jolla, CA 92038

ABSTRACT

We Investigated observer searching patterns and the effects 
of observer experience and environmental factors upon observer’s 
abilities to detect dolphin schools and estimate dolphin school 
size and composition during two research vessel sighting surveys 
conducted 1n the eastern tropical Pacific 1n 1982 and 1983. 
During the 1983 cruise, observers with exclusively research 
vessel experience displayed a higher mean dolphin detection rate 
than observers with exclusively tuna vessel experience. During 
the 1982 cruise, there was no difference between mean detection 
rates of the two types of observer. The two observer types did 
not differ 1n their estimates of average school size or species 
proportions. Watch lengths from 1 to 3 hours did not 
significantly affect detection rates. Observers positioned on 
both sides of the ship searched through mounted binoculars from 
abeam to across the bow; the observers concentrated their effort 
around the trackline. Sun glare off the bow resulted In a 
decrease, though not complete curtailment, of searching on the 
trackline.



INTRODUCTION

Reliable estimates of dolphin population size are required for deter­
mining the effects of Incidental dolphin mortality associated with the 
eastern tropical Pacific (ETP) yellowfln tuna purse> seine «|h«ry;g A 
recent assessment of ETP dolphin population sizes by IHolt and 
combined dolphin census data from aerial surveys, research vessel* ™ 7al 
and observations made by U.S. Government observers aboard c°’™er'c1*1 
tuna vessels. Those authors discussed several uncertainties assocl 
with population size estimates based on data from these sources. Holt 
(ms.)1 subsequently addressed problems associated with aerial surveys.

This paper presents the results of experiments designed to 1™es
tlgate observer performance and environmental effects during ®

basic phases of a research vessel dolphin felloe "no detection, and school description. The sPtu°Pduy1 aaVd,d°rr"e s1slaedT tthhee  following

questions:

1. What searching patterns do observers exhibit when using 

mounted binoculars?

2. Does watch length affect the rate at which observers 

detect dolphins?

3. Does sea state affect observers* dolphin detection 
rates or estimates of school size and species 

composition?

4. Do observers with experience detecting dolphins from 
tuna vessels differ from observers with research 

vessel experience 1n their

(a) searching patterns,

(b) dolphin school detection rates,

(c) school size estimates,

(d) species Identifications, or

(e) species proportions estimates?

1Holt, R.S. ms. Testing the validity of line transect theory to estimate 

density of dolphin schools.
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DATA COLLECTION

Data were collected during two separate dolphin sighting survey 
cruises using the National Oceanic and Atmospheric Administration ship 
Day.ld Starr Jordan. The ship traversed systematically-placed tracklines 
1 n the ETP (Figure 1). The first cruise, from May 15 to August 3, 1982, 
surveyed a region designated the calibration area by Holt and Powers 
(1982) and along 10° N latitude. The second cruise, from January 12 to 
April 9, 1983, covered primarily the calibration area and along 10° S 
latitude.

On board each cruise were six observers who were divided Into two 
teams of three each. One team consisted of observers who had exper­
ience collecting data on dolphins 1n the ETP from aboard research vessels 
(research-vessel experienced [RVE] observers). The other team consisted 
of observers with experience aboard commercial tuna purse seine vessels 
(tuna-vessel experienced [TVE] observers) but no research vessel 
experience. Observers were selected based on their experience and avail­
ability, but not on their previous performance. Except for one RVE 
observer who was present on both cruises, different observers were on board 
each of the two cruises.

A watch was defined to be a period of continuous marine mammal obser­
vation effort conducted by a team. Activities performed during a watch 
Included searching through binoculars, recording data, tracking and 
approaching schools, and making school size and species composition esti­
mates. The teams alternated watches during daylight hours and also 
alternated conducting the first watch of the day. When a substitute 
observer was required during a watch, the watch was credited to the team 
represented by the two permanent members. If more than one substitute was 
required, the watch was not used 1n subsequent analyses. Watches were 
terminated for team rotation, for relief for meals, or 1f Interrupted for 
more than five minutes because of poor visibility due to fog or rain. 
Watches which were less than 30 minutes long were designated short watches.

Watch lengths of either one, two, or three hours were systematically 
rotated every two days throughout the 1982 cruise, and during the first 
third of the 1983 cruise. Watches rarely lasted precisely a whole number 
of hours; a watch was assigned to the 1- , 2- , or 3-hour category by 
rounding the watch length to the nearest whole hour.

Three duty stations were occupied by team members during each watch: 
left (port) binocular, right (starboard) binocular, and recorder. Team 
members rotated positions approximately every 15 minutes throughout the 
watch so that each team member spent approximately the same amount of time 
occupying each duty station.

Observers stationed at the binoculars searched for marine mammal 
sighting cues (dolphins, splashes, or birds) through 25x binoculars. 
Searching ranged from across the trackline (an 0.28 km strip on either 
side of the ship) to abeam, and outward to the horizon, or as far as was 
possible under the prevailing sighting conditions. Searching pattern was 
monitored during the last third of the 1982 cruise and the entire 1983 
cruise by an onboard computer which recorded train angle of the binoculars
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within 5° sectors at five second Intervals while searching effort was 
1n progress.

The recorder logged time, position occupied by 0f ® t h e" s hTp
state, environmental conditions, and speed and heading of the ship. 
Data were recorded when the observers rotated position or a change occurr 
in sfifl state, environmental conditions, or speed or heading of the ship. 
Sea state was measured by the Beaufort scale (Bowdltch, 1966) and groupe 
into two categories for subsequent analysis: calm (absence of white caps,
Beaufort numbers 0-2) and rough (presence of white caps, Beaufort Tf61? 
3^5) We encountered no sea states with Beaufort val ue greater than 5. 
The recorder searched through 7x binoculars when not recording data.

When a dolphin sighting cue was detected, the sighting angle (relative 
+n the trackline) and radial distance to the school were recorded. The 
stohtlnJ was credited to the team on watch, rather than the Individual 
detecting *the *0116, because there was no basis for assuming that sightings 
by Individual observers were Independent of the Influence 00 
nf the team The three observers on watch plus any available 
f oJ the team not on watch Independently estimated school size, Identified
species present, and estimated species proportions. Th1 ^^iv alto red 
compare simultaneous estimates by the two teams. The ship Jisually altered 
course to approach a sighted school. Observer estimates of school 
size and species composition were based upon observations made at the 
shortest possible distance to the school, rather than at the Initial tlm 
of s1 qht 1 nq The chief scientist, who was not a member of either team, 
transferred^! 1 school size and species composition estimates to sighting
records at the end of each day.

The 1982 observers were Instructed not to discuss their species 
Identifications or school size and proportions, estimates* with one anotter. 
The 1983 observers were Instructed not to discuss sc ...proportions ^estimates, but were allowed to discuss species identifica­
tions after Independent Identifications had been recorded.

Upon completion of both cruises, searching effort and sight1 ng data 
were analyzed by standard statistical techniques, with the aid of BMDP 
statistical programs (Dixon, 1981). We analyzed sizes and compost*1o"| 
oniv for schools whose mean size estimate was greater than or equal to 15

=r:„
ttliU

r
d
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large schools) and which contained dolphin species targeted for

, taroet schools 1n order to parallel the abundance assessment to
Holt and Powers (1982) whose study also was limited to large arge
schools.

Data are reported as means plus or minus one standard deviation. 
Statistical tests were considered significant at the 0.05 (5%) eve o 
probabll1ty.



SEARCHING PATTERN

Observer searching patterns are perhaps the most Important aspect of 
the sighting survey process. Individual and combined searching habits have 
not been fully described. We were primarily Interested 1n studying the 
effects of sun glare and observer experience on searching patterns.

We calculated the percent of total searching effort 1n 5° segments of 
arc for all observers at both the port and starboard binoculars (Figures 2 
and 3). Most observers searched primarily forward from the trackllne to 
abeam (90° to the trackllne) on the same side as the binocular was mounted 
and from the trackllne to about 45° on the opposite side. Three observers 
(numbers 8, 10, and 11 from the 1983 cruise) displayed searching patterns 
which ranged to less than 45° on the opposite side (Figure 3).

Do1 et al (1982) used a video camera to record observers* searching 
behavior through hand-held binoculars. They concluded that observers 
searched most frequently towards the trackllne, but their conclusion was 
based upon the frequency with which the binoculars crossed 10° radial 
lines, rather than the proportion of effort. They also assumed that 
angular scanning velocity was constant, but they only measured angular 
velocity between turning points (where observers reversed scanning 
direction). Our finding that percent effort was greatest around the track- 
line confirms their conclusion. In fact, the searching patterns displayed 
1n Figures 2 and 3 are similar to the patterns displayed 1n their figures.

Differences 1n searching patterns due to sun location and team were 
analyzed by grouping searching effort Into eight sectors of arc (Figure 4). 
Counts (numbers of 5-second Intervals) were analyzed for each binocular by 
team, sun location, and sector. Sun location was assigned to one of five 
classifications based on Its horizontal and vertical relationship to the 
ship (Table 1).

Because of large sample sizes, tests of all Interaction effects were 
highly significant for both binoculars during both cruises (Tables 2 
through 5). Differences 1n searching patterns due to sun category and team 
were therefore Interpreted 1n terms of practical significance, or relative 
magnitude, rather than statistical significance.

Differences between searching effort with the sun overhead or to the 
rear (aft category) and searching effort with the sun obscured by clouds 
(cloudy category) were so small that these were combined Into a single 
category for comparison to searching effort 1n the presence of sun glare. 
Searching effort 1n the absence of sun glare was nearly symmetrical about 
the trackllne (Figure 5), except that effort 1n the 0° to 15° sector on the 
port side was slightly less than on the starboard side due to a small 
obstruction which Interfered with the starboard observer's searching the 
port area. The presence of sun or sun glare 1n the field of view along the 
trackllne was accompanied by a decrease 1n searching effort 1n that dire­
ction. Frequency of searching 1n the 0° to 15° sectors on both sides of 
the trackllne was relatively less during both cruises when the sun was 1n 
the bow category. Frequency of searching from 0° to 45° on the port side 
was substantially less than on the starboard side when the sun was off the
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port side. When the sun was off the starboard side, however, searching 
frequency on the starboard side was not less than on the port side.

Holt (ms.)2 classified effort that occurred when the sun was within 
the bow category (Table 1) as poor sun conditions and all other effort as 
aood sun conditions. He concluded that sun glare had little effect upon 
the density estimates during the 1982 and 1983 cruises. Poor sun condi­
tions occurred only during 5% of the 1982 cruise effort and 8% of the 1983 
cruise effort. Rates of detecting dolphin schools on the trackl1ne were 
higher during poor sun conditions than during good sun conditions 1n 1982; 
no trackline schools were detected during poor sun conditions 1n 1983. 
Detection rates of sightings made within either 2.1 or 7.4 km of the ship 
were not affected by sun condition.

During the 1982 cruise, the two teams' searching patterns were similar 
(Figure 6). During 1983, however, the TVE observers' frequency of 
searching effort within 15° of the trackline was greater than that of the 
RYE observers. This Increased effort on the trackl 1 ne by the TVE team 
during 1983 compensated for a decrease In effort to the side opposite each 
binocular; both teams searched equally the areas on the same side of the 
trackl1ne as the binoculars. This difference 1n effort on the trackl1ne 
apparently did not affect the perpendicular distances to sighted schools 
because an analysis of the relationship between team and perpendicular 
distance was not significant (Tables 6 and 7).

DOLPHIN DETECTION RATES

Even 1f observers searched adequately, some dolphin schools may not 
have been detected. The rate of detecting schools, apart from the effect 
of their distribution, might have been affected by observer fatigue, an 
observer's experience, or sea state. We examined the effects of each of 
these factors on detection rates.

To study the effects of observer fatigue, we analyzed changes 1n 
detection rates with varying watch length using analysis of variance 
(ANOVA). Sighting rate for each watch was defined as the number of sight­
ings divided by the amount (1n time) of search effort. A three-way ANOVA 
(with watch length, team, and sea state as factors) was used for data from 
the 1982 cruise. The effect of watch length, and Interaction between watch 
length and team, during 1983 were tested using a two-way ANOVA applied 
only to 1983 data from the first third of the cruise, since watch length 
was not varied for the rest of the cruise. Effects of team and sea state, 
and the Interaction between the two, during the 1983 cruise were tested 
using a two-way ANOVA applied to the entire 1983 data set.

Classical ANOVA was used for analyzing sighting rates, although 
sighting rates were not normally distributed and unequal numbers of 
watches occurred 1n the various watch length categories. A normalizing 
transformation of the data could not be found. A nonparametrlc test could

2Holt, R.S. ms. Estimation of density of dolphin schools 1n the eastern 
tropical Pacific using line transect methods.



have been performed* but several Interdependent tests would have been 
required to test effects of all three factors, which would have resulted 
1n an unknown overall significance level. Such tests also would not have 
tested Interaction effects.

Glass et al (1972) and Scheffe (1959) discussed the Implica­
tions of deviations from the basic ANOVA assumptions: normality, 
equality of cell sizes, and equality of variances. There 
appears to be no solution to the problem of performing two- or three- 
way ANOVA with Interactions when the assumptions are all simulta­
neously violated, and no suitable alternative to classical ANOVA 1n the 
two- or three-way case 1s available. Therefore, we chose to proceed 
with classical ANOVA. Marginally significant results (those with signi­
ficance levels near 0.05) could not be Interpreted, but results which were 
highly significant or highly non-s1gn1fleant were considered valid.

A total of 186 dolphin sightings was made during 1982: 116 by the 
RVE team and 70 by the TVE team. During 1983, 201 dolphin schools were 
sighted: 123 by the RVE team and 78 by the TVE team. Analyses of 
variance of dolphin detection rates (Tables 8 through 10) revealed no 
significant effect of watch category (p=0.14, 1982 cruise; p=0.51, 1983 
cruise), and no significant Interaction effect between watch category 
and team (p=0.84, 1982 cruise; p=0.93, 1983 cruise).

We discovered that sighting rates during short watches were 
consistently higher than those during longer watches. This suggested that 
observers may have been more alert 1n the first few minutes of a watch. We 
tested this by comparing sighting rates within the first 15 or 30 minutes 
of a watch to rates during the remainder of the watch using a paired 
sample t test (Table 11). Data for the 1- , 2- , and 3-hour watch 
categories were combined; data for short watches were omitted. There was 
no significant difference 1n dolphin detection rates when comparing either 
the first 15 or 30 minutes of a watch to the remainder of the watch 
during either cruise.

We concluded that, 1n terms of sighting rates, no watch length between 
1 and 3 hours was superior. Discussions with the observers revealed that 
they preferred the 2-hour watches because of too frequent rotation with 
the 1-hour watches and the excessive length of the 3-hour watches. For 
this reason, 2-hour watches were used exclusively after the first third of 
the 1983 cruise.

Dolphin detection rates by the two teams were not significantly 
different during the 1982 cruise (p=0.13, Table 8), but were significantly 
different during the 1983 cruise (p<0.001» Table 10). During 1983, there 
was also a significant Interaction between team and sea state 
(p<0.001). The RVE observers made approximately twice as many sightings 
as TVE observers during calm seas and nearly two and one-half times as 
many sightings during rough seas.
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the TVE team's rate of detecting dolphins near the tr* detect1on
rates ybylette two" teams^^l tho^g'h ^ l^TVE team sP®nJ ^t^ctfon

the RVE team searching the bow sector* the two team s P .. TVF

the TVE team near the track!1ne, density estimates for t 
s1m1lar.

Differences In searching behavior ahd sighting rates may have been»due 
to the differences 1n the team's searching experience.£ not use 25X binoculars for searching when on board commercial tuna 
vessels They must ely on members of the tuna vessel ore. to make 
stagings, or else use 7x binoculars. The RVE observers, ho.ever, are 
experienced at searching through 25x binoculars.

There was no significant effect of sea state on dolphin sighting rate 
. i +h<= tor? cruise (d=0 49’ Table 8), but the effect was highly slgnl

sh s.
unknown.

 r.w.Ts.w stasis 
mz

Differen

 
ces In slqhtlng rates between calm and rough sea state

d^cesdv=:t“htmi ^^teS^er="<^r^^.d,sunM

SCHOa SIZE AND COMPOSITION

mmmsmssiiOnce a dolphin school .as sighted, observers made estimates of Its

school size aJd composition due to differences In their experience or to 

changes 1n sea state.

School .Size
To test school size, «e applied ANOVA .1th two factors (observer,and

sea state) to log-transformed school. s.,|e-198^er®0 36, 1983), and no 
observer effect during either year (p-0.62, 1982 p 0 30, i 
significant Interaction between team and sea state (p 0.89, 1 , P
1983) (Tables 12 and 13).



One problem with using ANOVA to test differences 1n school size 
estimates among observers was that school sizes varied over two orders 
of magnitude. This large variability was therefore likely to mask any 
differences among observer mean school size estimates. Differences between 
team average school size estimates were therefore tested 1n -an alternate 
way which controlled the variability 1n school size. For each sighting 
where both teams estimated school size, the mean school size was computed 
for each team. The difference between the two team averages for that 
sighting was calculated, and then divided by the mean of the combined 
estimates of all observers. The resulting standardized differences were 
therefore not confounded with school size.

The standardized differences were plotted separately for each cruise 
and sea state as a function of sighting sequence through time (Figure 
7). Gaps 1n the figure are due to sightings for which school size 
estimates were not simultaneously made by both teams. The mean 
standardized differences were tested for a significant difference from zero 
by one-sample t-tests (Table 14); only the test for calm sea state dur- 
r1ng 1983 was significant (p=0.038) with the TVE observers' school size 
estimates being larger than the RVE observers' estimates. Since this was 
the only significant result obtained from both methods (ANOVA and the 
standardized difference t-test), we concluded that the RVE and TVE 
observers did not make significantly different school size estimates.

Independence of simultaneous school size determinations might have 
been difficult to achieve because of proximity of the observers making 
estimates following a sighting. However, standardized differences between 
average school size estimates by the two teams (Figure 7) did not approach 
zero, suggesting that school size estimates by the two teams did not 
converge during either cruise. We therefore assumed that observers did not 
discuss or reveal their Individual school size determinations 
throughout the duration of the cruise.

There was no significant effect of sea state on school size estimates 
during either cruise (p=0.23, 1982; p=0.14, 1983). The presence of white 
caps might have had an effect on school size estimates made at large 
distances to the school, but most schools were seen at close range since 
the ship usually approached sighted schools.

We hoped that the RVE and TVE observers used 1n this study would be 
representative of the larger groups of research and tuna vessel observers. 
However, a random sample of observers was not obtainable, and no Inexper­
ienced observers who had been trained but not assigned a cruise were 
available. All selected observers except one had participated 1n at least 
two previous cruises (Table 15).

The TVE observers' abilities to estimate dolphin school size were 
compared with those of all other observers aboard tuna vessels. Log- 
transformed school size estimates made by our selected TVE observers while 
aboard tuna vessels between 1978 and 1982 were compared with log- 
transformed estimates made by all other tuna vessel observers during those 
same years. Mean school size estimates and standard deviations were 
computed for each of the two TVE teams and for all other tuna vessel 
observers (Table 16). Since the number of estimates by the group of
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all other tuna vessel observers was large, the mean for that group was 
regarded as an estimate of the true population mean, and a one-sample 
t-test was performed for each TVE team.

Mean log schoo. size estimates by the TVE team members were 
significantly lower than those for all other tuna vessel observers 
(pfo.OOl). Our selected TVE observers therefore were not representative of 
all tuna vessel observers, which Included Inexperienced (first trip) 
observers. An observer's school size estimate may decline with 
experience aboard tuna vessels but additional study 1s require .

Comparisons of the RVE observers' abilities to estimate school size 
with those of all other research vessel observers were not possible. Indi­
vidual estimates made by our selected RVE observers on previous reserch 
cruises could not be determined because prior to the 1982 cruise> th 
averaqes of all observers' estimates, rather than individual estimates, 
were recorded. Since, as with the TVE observers, the RVE 
selected randomly and did not Include any Inexperienced observers, they 
also may not be representative of their group as a whole.

.Species Identifications
We tested differences 1n species Identifications 1n two stages. In 

the first stage, we Investigated the percentage of large schools for which 
Identifications were made. Three-way contingency tables were used to test 
for interactions between frequency of Identifications and s*a state or 
freouencv of Identifications and team. In the second stage, we tested 
frequency of Individual species Identifications by analyzing ^ three-way 
table with team, sea state, and species as categories We Included 
separate classes for each target species except Frasers dolphin, a11 
taroet species, and mixed spotted and spinner schools. Frasers dolphins 
were omitted because only one school was sighted during the two cru ses.

During 1982, RVE observers made a significantly higher frequency of 
species Identifications than did TVE observers (98.4% versus 89.5%, 
d<0 001' Table 17). There was no significant difference between the teams 
frequencies of 1 dentlf1cat1ons during 1983 (p=0.072; Table 18) There was 
loSignificant association between team and individual species during 
either cruise (1982: p=0.091, Table 19; 1983: p=0.70, Table 20).

The difference between teams In the frequency of 1dent1fjcatlons 
during 1982 may be valid and representative of a difference between RV 
and TVE observers 1n general for two reasons.
embarking upon the 1982 cruise, all observers were told that an obJeC^1^ 
of the cruise was to study the degree of var1abnity present In each 
observer's Individual estimates. They were not Inf-ormed that .*7 
effects of observer experience would be Investigated, because this might 
hive biased the outcome by encouraging competition. Upon completion of the 
cruise, all of the objectives of the study were explained to the 
observers. It was Impossible, then, to conduct another reward-■ cnHse 
without the observers being aware of the study objectives. The 19®3 
observers may have made more of an effort to Identify schools to compete 
with the RVE observers, thereby accounting for a lack of.difference b®Tween 
the two. Second, the 1983 observers were not prevented fromi eompar 9 
methods of species Identification. They were only requested to make
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Independent Identifications while viewing a school. Observers of the 
different teams may have learned from one another* thus Increasing the 
similarity of their Identifications.

There was no significant association between sea state and 
frequency of species Identifications during either cruise (p=0.95, 1982; 
p=0.072» 1983)* but there was a significant effect of sea state on the 
Identifications of Individual species during the 1983 cruise (p=0.001). 
The relative frequency of Identification of spotted and common 
dolphins Increased 1n poor sea state while frequencies of the mixed and 
other cateogrles declined. No such difference due to sea state was found 
during 1982.

Species Identifications were based on observations of behavior and 
morphology which should not have been substantially affected by rough 
seas or the presence of white caps, especially when the school was 
observed at close range. Perhaps the effect of sea state on Identifica­
tions of Individual species may be explained by a disproportionate effect 
of rough seas on sighting rates of the various species, since sea state 
had a significant Impact upon sighting rate during the 1983 cruise.

Species Proportions

The estimates of the average proportions of Individual species within 
a school were compared among observers for each target species and for all 
other species. The distribution of proportions for several of the 
species was nearly degenerate (concentrated about a single point with 
variance close to zero); therefore we used the nonparametrlc Kruskal- 
WalHs rank test to test for differences among observers’ estimates.

The Kruskal-WalHs test results showed no evidence of any signifi­
cant difference among observers 1n their estimates of the average 
species proportions within a school for any species (Tables 21 and 22). 
Common and striped dolphins occurred predominantly 1n homogeneous 
schools and spotted dolphins were frequently 1n homogeneous schools, 
whereas spinner dolphins were nearly always associated with spotted 
do!phlns.

CONCLUSIONS

In this study, we Investigated observer performance and environmental 
effects during shipboard sighting surveys of ETP dolphins 1n 1982 and 1983.

From our data, 1t was apparent that observers searched the trackllne 
adequately. Their searching ranged from abeam to past the trackllne on the 
opposite side. The combined searching effort of both binoculars resulted 
1n symmetric coverage concentrated about the trackllne. Searching effort 
along the trackllne was significantly reduced, but not completely cur­
tailed, when the sun was 1n front of the ship.

There was no statistically significant effect of watch length on 
dolphin detection rates when 1- , 2- , and 3-hour watches were com­
pared, although short watches had slightly higher sighting rates. Sight­
ing rates 1n the early part (first 15 or 30 minutes) of 1- , 2- ,
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. nnlfIcantly greater than 1n the remainder ofand 3-hour watches were not significantly grea
the watch. Observers preferred 2-hour watches.

The effect of rough sea state (presence °f^cruT/e buTnrt d-fng 
the frequency of dolPh1n sight "9s dur f^om th1s study whether sightings 
the 1982 cruise. We could not conc,“ +1 affected. School size est1- of Individual species were d]sP^P°^g° 1dentif/cations made on Individual 
mates and the percentage of .sP°fe* 
schools were unaffected by rough sea state.

We observed several d1 f'f'^"^sei^uMng0theb lVsz^ru^se/the TVE 
observers aboard the res^c^^l. Dur1ng the 1983
and RVE observers' search 1 ngJ P«effort closer to the trackline and 
cruise, the TVE observers ^ncentrat.ed^eflf^ ^ RyE observers. Tests of
did not search the opposite si 1n dolph1n detection rates
differences between the tw vefs detect1ng dolphins with greater
were Inconclusive, w1th.Rj _,nn The two types of observer
frequency during 1982 “ the1r estimates of dolphin school size.
did not differ significantly In tneir ^ a greater percentage
The RVE observers made species 1 *** but there was no difference
of dolphin schools than the TVE observers, identifications of
between the two types of observer th«U relat ^ d1fferin their 
individual species. The RVE and TVE obser of dolphin contained
estimates of the porportlons of variou P 
within a school.

The findings of this study t™^**™*result^ from 

efficacy of shipboard P°P“Ja uncertainties concerning shipboard
research and tuna vessels. £e ng potential errors 1n est1j"at1"~|
sighting survey methods, ^tance of schools, possible movement of 
sighting angle and radial distance d1fferences 1n the searching
animals9 In response to the vessel, ™s*"lre the subjects of further
1*nvestlgat*1 ons/6^When ^ res u 1 ts^^ ^ui at'tf a «-

^llM^^rthodolo'gV0^ dolphin abundance estimation by s P oar 

sighting surveys.
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Table 1. Classification of sun lomio. Horizontal __and ^
Vertical positions were ^ecoraeu t 3 o'clocknumber. Horizontal: 12 o clock -tracknne,^ ^
= abeam on the starboard sid , * . 60 degrees
n’rlock = directly overhead, 1 o clock ou aeyrt
above the horizon, 2 o'clock - 30 degrees, and 3

_ I J-1------U^.1/*-.

Sun Position

Category Horizontal Vertical

Bow

Port

Starboard

Aft

12

9-11

1- 3

4- 8
1-12

1- 3

1- 3

1- 3

1- 3 
12

Cloudy 0 0
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Table 8. Mean detection rates (sightings per hour of search effort) Plu?
or minus one standard deviation (sample sizes in parentheses) y 
watch category, team, and sea state, 1982 cruise. Calm sea state
is absence of white caps; rough sea state is vessel
caps. RVE: research-vessel experienced, TVE. tuna-vesse 
experienced. Short watches were less than 30 minutes long.

Watch Team

Calm

Sea State

Rough

RVE1-hour

TVE

0.66 + 1.47 (30)

0.60 ± 1.16 (42)

0.41 ± 0.84 (151)

0.18 + 0.47 (125)

RVE2-hour

TVE

0.73 ± 1.20 (ID

0.27 ± 0.45 (16)

0.40 ± 0.67 (37)

0.14 ± 0.39 (34)

RVE3-hour

TVE

0.14 + 0.28 (4)

0.10 + 0.21 (4)

0.53 ± 0.59 (12)

0.26 ± 0.39 (13)

RVEShort

TVE

0.62 ± 1.31 (15)

0.77 ± 1.46 (16)

0.84 ± 1.72 (39)

0.44 ± 1.22 (51)

Sum of SquaresSource

5.14Watch (W)
2.18Team (T)
0.44Sea state (S)

0.76W-T interaction 
2.92W-S interaction 
0.49T-S interaction

W-S-T interaction 1.47

Mean Squared.f.

3 1.71
1 2.18

0.441

3 0.25
3 0.97

0.491

3 0.49

F P

1.86 0.136
2.36 0.125
0.48 0.488

0.28 0.843
1.05 0.368
0.53 0.466

0.53 0.662

538.82Error 584 0.92



Table 9. Mean detection rates (sightings per hour of search effort) 
plus or minus one standard deviation (sample sizes in 
parentheses) by watch category and team, first third of 
1983 cruise. RVE: research-vessel experienced; TVE: 
tuna-vessel experienced. Short watches were less than 30 
minutes long.

Watch Team

RVE TVE

1-hour 1.48 ± 1.94 (46) 0.62 ± 1.17 (54)

2-hour 0.97 ± 1.32 (17) 0.52 + 1.01 (18)

3-hour 0.65 ± 0.81 (3) 0.13 ± 0.18 (5)

Short 1.73 + 3.50 (20) 0.79 ± 1.73 (15)

Source Sum of Squares d..f. Mean Square F P

Watch 7.73 3 2.58 0.78 0.507
Team 9.54 1 9.54 2.89 0.091

Interaction 1.44 3 0.48 0.15 0.932

Error 562.20 170 3.31



Table 10. Mean detection rates (sightings per hour of search 
effort) plus or minus one standard deviation 
(sample sizes in parentheses) by team and sea 
state, 1983 cruise. Calm sea state is absence 
of white caps; rough sea state is presence of 
white caps. RVE: research-vessel experienced; 
TVE: tuna-vessel experienced.

Team Sea state

RoughCalm

RVE

TVE

2.99 (35) 0.39 + 0.982.26 +

0.16 + 0.521.06 + 1.50 (46)

(235)

(229)

Source Sum 

Team
Sea state

Interaction

F Pd.f. Mean Squareof Squares
27.18 <0.0011 34.7634.76 100.66 <0.0011 128.77128.77
12.58 <0.0011 16.0916.09

Error 541 1.28692.09



24

Table 11. Mean detection rates (sightings per hour of search effort) 
in the early part of 1-, 2-, and 3-hour watches combined 
versus the remainder of the watch. Mean detection rates 
were compared by a paired t-test.

Year First 15 Minutes Remainder of Watch t d.f. P

Mean S.D. Mean S.D.

1982 0.37 1.39 0.34 0.86 0.33 478 0.74

1983 0.68 3.49 0.44 1.12 1.56 450 0.12

Year Fi rst 30 Minutes Remainder of Watch t d.f. P

Mean S.D. Mean S.D.

1982 0.38 1.23 0.40 1.18 -0.21 472 0.83

1983 0.72 3.32 0.46 1.53 1.68 443 0.094
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Mean school size estimates plus or minus <one :standaird Table 12. deviation (sample sizes in parentheses) by observer and 
sea state, 1982 cruise. Analysis of variance was per­
formed on log-transformed school size. Calm sea state 
is absence of white caps; rough sea state is presence of 
white caps. RVE: research-vessel experienced, TVE. 
tuna-vessel experienced.

Team Observer Sea State

Calm Rough

RVE 1

4

316 ± 464 (14)

201 + 236 (16)

195 

169 

± 220 

+ 185 

(44)

(45)

5 314 + 379 (8) 219 + 210 (23)

TVE 2

3

230 t 

280 ± 

207 (14)

298 (15)

164 

247 

t 

± 

188 

258 

(29)

(34)

6 179 ± 173 (15) 262 ± 302 (30)

Sum Source

Observer
Sea State

Interaction

of Squares

0.947
0.389

0.452

d. f •

5
1

5

Mean Square

0.189
0.389

0.090

F 

0.71 
1.45 

0.34 

P

0.618
0.229

0.890

Error 73.643 275
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Table 13. Mean school size estimates plus or minus one standard
deviation (sample sizes in parentheses) by observer and sea 
state, 1983 cruise. Analysis of variance was performed on 
log-transformed school size. Calm sea state is absence of 
white caps; rough sea state is presence of white caps.
RVE: research-vessel experienced; TVE: tuna-vessel 
experienced.

Team Observer Sea State

Calm Rough

RVE 4 109 ± 130 (31) 113 ± 147 (50)

7 115 ± 127 (31) 77 ± 106 (42)

9 116 ± 133 (29) 89 ± 82 (42)

TVE 8 140 ± 157 (36) 144 ± 284 (45)

10 127 + 145 (36) 113 + 172 (50)

11 116 ± 139 (35) 118 ± 164 (42)

Source Sum of Squares d.f. Mean Square F P

Observer
Sea State

0.958
0.378

5 0.192
1 0.378

1.09 0.364
2.15 0.143

Interaction 0.381 5 0.076 0.43 0.825

Error 80.251 457 0.176
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Table 14. Mean standardized differences between team school size
estimates. Significance was determined with a one-sample 
t-test. Calm sea state is absence of white caps; rough sea 
state is presence of white caps. RVE: research-vessel 
experienced; TVE: tuna-vessel experienced.

Year Sea State Mean Std. Dev. t d.f. P

1982 Calm

Rough

0.010

0.216

0.409

0.715

0.09

1.71

12

31

0.932

0.097

1983 Calm

Rough

0.193

-0.008

0.562

0.515

2.14

-0.11

38

47

0.038

0.910
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Table 15. Number of previous cruise trips made by the observers
selected for this study. RVE: research-vessel experienced; 
TVE: tuna-vessel experienced. Observer 4 (RVE team) was 
present on both the 1982 and 1983 cruises, and had therefore 
made 7 trips prior to the 1983 cruise.

Team Observer

1976 1977 1978 

Year

1979 1980 1981 1982

Total 
(prior to 

1982 cruise)

RVE 1 1 1 0 1 0 0 0 3

4 1 1 0 1 1 2 (1) 6

5 0 0 0 0 3 0 0 3

7 0 0 0 1 1 0 0 2

9 0 0 0 0 1 0 0 1

TVE 2 0 0 1 1 2 2 1 7

3 0 0 0 0 3 1 2 6

6 0 0 1 1 1 2 1 6

8 0 0 2 2 2 0 1 7

10 0 0 0 0 1 1 0 2

11 0 0 0 0 1 1 0 2
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Mean school size estimates made aboard commercial tuna Table 16. vessels by the tuna-vessel experienced (TVE) observers 
selected for this study and all other tuna-vessel observers, 
1978-1982. A one-sample t-test was performed on log-trans- 
formed school size.

Observer Group Number of 
Sightings

Mean School 
Size

Standard
Deviation

t (log 
size)

P

All non-TVE observers 14,358 634 998

1982 TVE team 816 513 799 -3.95 <0.001

1983 TVE team 426 292 410 -9.71 <0.001
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Table 17. Number of species identifications by team and sea state, 
1982 cruise. Calm sea state is absence of white caps; 
rough sea state is presence of white caps. RVE: 
research-vessel experienced; TVE: tuna-vessel 
experienced.

Team Sea State Species Identification?

No Yes Total

RVE Calm 2 (4.3%) 44 (95.7%) 46

Rough 1 (0.7%) 138 (99.3%) 139

Total 3 (1.6%) 182 (98.4%) 185

TVE Calm 4 (8.2%) 45 (91.8%) 49

Rough 12 (11.5%) 92 C
O oo • cn 104

Total

LT)•
ot-H16 137 O

D • cn 153

Tests of Fit by Order of Model

Order d.f. Chi-square P

0
1
2
3

7 410.36
4 18.01
1 2.78
0 0.

<0.001
0.001
0.095
1.

Tests of Partial Association

Source d.f. Chi-square P

Identification 
Sea State
Team

(ID) 1
1
1

322.27
67.05
3.03

<0.001
<0.001
0.082

ID by Sea State
ID by Team
Sea State by Team

1
1
1

0.00
12.99
2.01

0.95
<0.001
0.16
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Table 18. Number of species identifications by team and sea state,
1983 cruise. Calm sea state is absence of white caps; rough 
sea state is presence of white caps. RVE: research-vessel 
experienced; TVE: tuna-vessel experienced.

Team Sea State Species Identification?

No Yes Total

RVE Calm 4 (3.6%) 107 (96.4%) 111

Rough 13 (8.0%) 150 (92.0%) 163

Total 17 (6.2%) 257 (93.8%) 274

TVE Calm 8 (6.7%) 112 (93.3%) 120

Rough 19 (12.7%) 131 (87.3%) 150

Total 27 (10.0%) 243 (90.0%) 270

Tests of Fit by Order of Model

Order d.f. Chi-square __£

0
1
2
3

7 469.54
4 8.59
1 0.003
0 0.

<0.001
0.072
0.86
1.

Tests of Partial Association

Source d.f. Chi-square P

Identification
Sea State
Team

1 448.50
1 12.41
1 0.03

<0.001
<0.001
0.86
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Figure 1. Cruise tracks for 1982 (triangles) and 1983 (circles) research cruises, 
The lines adjoining symbols represent searching effort, while spaces 
between lines represent no effort (usually distance covered at night).
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Figure 4. Sections of searching arc used for searching pattern analyses. The 5° 
sectors were grouped into 0°-15°, 15°-45°, 45°-90°, and 90°-180° from 
the trackline on each side of the ship.
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Figure 5. Frequency distributions of searching effort by sun position for all obser­
vers with port and starboard effort combined. Aft Sun/Cloudy is sun over­
head, behind, or obscured by clouds; Bow Sun is sun directly in front of 
the ship; Port Sun is sun to the port side of the bow; Starboard Sun is sun 
to the starboard side of the bow.
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