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Abstract 

In the eastern tropical Pacific Ocean, yellowfin tuna (Thunnus albacares) are often found in as-

sociation with spotted (Stenella attenuata) and spinner (S. longirostris) dolphins. Purse-seine 

vessels use this co-occurrence to locate the tuna by searching for dolphins and associated birds. 

Data collected by onboard observers since the late 1970s were used to develop indices of relative 

abundance for dolphins, based on line-transect methodology, when the primary method of detec-

tion of dolphin herds was with binoculars. However, trend estimation was subsequently discon-

tinued in 2000 due to concerns about changes in reporting rates of dolphin herd detections with 

increased use of helicopter and radar search. At present, as a result of a hiatus in fishery-

independent surveys since 2006, fisheries observer data are the only source of information with 

which to monitor the status of eastern tropical Pacific Ocean dolphin populations. In this paper, 

trend estimation with the onboard observer data is revisited using a sightings-per-unit-effort ap-

proach. Despite different assumptions and model structure, the results indicate a lack of inde-

pendence between the distribution of search effort and the search methods used, and the abun-

dance of dolphin herds associated with tunas, on several spatial and temporal scales. This lack of 

independence poses a considerable challenge to the development of a reliable index of relative 

abundance for dolphins with these data. Given these results, alternatives for dolphin abundance 

estimation are discussed. One alternative is the use of purse-seine vessels for line-transect sur-

veys during fishery closure periods. Another alternative is the use of purse-seine vessels during 

normal fishing operations as platforms for the collection of mark-recapture data (e.g., passive 

integrated transponder tags or genetics sampling). Life-history data collection, as a supplement to 

the collection of other data types, is also discussed. Further research and development is needed 

to assess whether these alternative methods will be useful.  
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1. Introduction 

Mortality of dolphins in the eastern tropical Pacific Ocean (ETP) purse-seine tuna fishery is an 

iconic conservation issue. In the ETP, yellowfin tuna (Thunnus albacares) are often found in 

association with spotted (Stenella attenuata) and spinner (S. longirostris) dolphins (NRC, 1992). 
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Since at least the 1960s, purse-seine vessels have used this co-occurrence to locate the tuna by 

searching for dolphins, and associated birds, with high-power binoculars, and more recently, 

high-resolution radar and helicopters (NRC, 1992; Lennert-Cody et al., 2001). Historically, this 

fishing method resulted in significant bycatch of dolphins, which has since been greatly reduced 

through fishermen’s ingenuity and implementation of management measures (MMPA, 1972; Lo 

and Smith, 1986; NRC, 1992; Joseph, 1994; Wade, 1995; Hall, 1998; IATTC, 2013). 

 

Population dynamics modeling of dolphins in the ETP has historically been one of the primary 

means of evaluating the efficacy of bycatch reduction measures for these species (Gerrodette and 

Forcada, 2005; Reilly et al., 2005; IATTC, 2006; Wade et al., 2007, Gerrodette et al., 2008).  

Dolphin population assessments require an index of either relative or absolute abundance from 

which inferences are made about trends in population size through time. Indices of dolphin 

abundance have been developed from both fishery-dependent and fishery-independent data. In 

the case of fishery-dependent data, information on dolphin herd sightings is available because 

fishermen in the ETP use the presence of dolphins, as well as birds and splashes, to locate tunas 

(NRC, 1992). In the early years of the fishery, fishermen would search for these cues primarily 

using high-powered binoculars. Observers aboard the tuna vessels recorded information about 

the dolphin herd encounters and position information for the purse-seine vessel. Indices of 

relative abundance were developed from these data in the 1980s based on line-transect 

methodology (Buckland and Anganuzzi, 1988; Anganuzzi and Buckland, 1989; Buckland et al., 

1992). However, trend estimation was discontinued in 2000 due to concerns about changes in 

reporting rates of dolphin herd detections with the increased use of helicopter and radar, in 

addition to binoculars, to search for dolphins and tunas (Lennert-Cody et al., 2001). Additional 

concerns have been raised about potential issues associated with herd size estimation (Ward, 

2005). Between 1979 and 2006, the US National Marine Fisheries Service (NMFS) conducted 

periodic fishery-independent surveys in the ETP for the purpose of estimating dolphin absolute 

abundance (Gerrodette et al., 2008, and references therein). While such surveys can have the 

advantage of avoiding time-varying biases due to changes in fishing behavior, they are costly 

and, as a result, obtaining adequate coverage and precision for monitoring widely distributed 

marine species is difficult. 

 

One of the advantages of data collection by observers during normal fishing operations onboard 

tuna purse-seine vessels is that large amounts of data are obtained, with generally good spatial 

and temporal coverage. However, fishery-dependent data come with the potential for biases 

when used to develop indices of relative abundance (Maunder et al., 2006). At present, as a 

result of a hiatus in fishery-independent surveys since 2006, purse-seine observer data are the 

only source of information with which to monitor ETP dolphin population status. In the first part 

of this paper, the challenge of estimating dolphin trends with the purse-seine observer data for 

the offshore spotted dolphin is revisited and the reliability of estimates computed from these data 

are discussed. To address problems related to sighting data quality and biases caused by changes 

in the use of different search methods through time (Lennert-Cody et al., 2001), a catch-per-unit-

effort-type approach to trend estimation was adopted based on generalized additive models. This 

methodology for trend estimation does not require sighting bearing and distance information, and 

can be used to control for covariate affects, such as changes in searching behavior. In the second 

part of this paper, other options for obtaining dolphin abundance indices from different data 

types that may be collected aboard purse-seine vessels are discussed. Issues associated with herd 
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size estimation, such as those raised by Ward (2005) and Buckland and Anganuzzi (1988), are 

not addressed. 

 

2. Trends from fishery-dependent data 

2.1 Data 

During the course of daily fishing operations, observers of the Inter-American Tropical Tuna 

Commission (IATTC) aboard large
1
 purse-seine vessels recorded data on vessel activities (e.g., 

running, searching, drifting, setting), fishing operations, and dolphin sightings. These data were 

used to obtain estimates of distance travelled while searching, species and number of dolphins in 

each dolphin herd sighted, and information on other factors that may affect dolphin herd sighting 

rates and herd size (e.g., fishing location and season). 

 

Purse-seine vessel searching behavior  is complex and not all details of searching activities were 

recorded by onboard observers. Large purse-seine vessels that fish for tunas associated with 

dolphins use three methods to search for the dolphins and tunas: binoculars (typically 25X 

mounted binoculars, from one or several locations on the vessel), radar, and helicopter. The radar 

is operated by the crew from the bridge of the vessel. The helicopter is piloted by a special crew 

member, and due to space constraints and safety concerns, observers are not allowed in the 

helicopter. Unfortunately, observers did not record which search methods were in use during 

each searching event, and thus, it is not possible to assign periods of search to particular search 

methods. Moreover, the helicopter may have searched well away from the purse-seine vessel and 

its position information was not available to the observer. Therefore, it is only possible to 

compute a rough measure of searching effort from time and position data for the purse-seine 

vessel itself. 

 

Observers recorded all dolphin sightings of which they were aware. An initial estimate of 

dolphin herd size and species composition was recorded by the observer as soon as he became 

aware of the sighting. This may have been a crew member’s initial estimate, or the observer’s 

own initial estimate, if he was able to see the dolphins. A dolphin herd sighting may have begun 

with the visual cue of the mammal themselves or it may have begun with other cues, such as 

splashes or birds associated with the dolphins. The association of birds with dolphins enables 

sightings to be made at much greater distances from the vessel because birds can be visible over 

the horizon. If the dolphin herd was later involved in a purse-seine set, the observer would have 

continued to revise his estimate of herd size and species composition, producing a “best” 

estimate. This best estimate is the observer’s estimate of the size of the entire herd, and includes 

an estimate of the number of dolphins that were in the original herd but evaded encirclement 

with the purse-seine net or were intentionally cut-out of the encircled portion of the herd (NRC, 

1992; Lennert-Cody and Scott, 2005). With possible exception of evasion, a dolphin herd 

sighting leading to a purse-seine set is similar to a survey vessel entering ‘closing mode’ in a 

fishery-independent line-transect survey (e.g., Strindberg and Buckland, 2004). Additional 

information recorded for each sighting includes the distance and bearing to the sighting from the 

vessel.  

                                      
1
 Defined as those with carrying capacities greater than 363 metric tons (IATTC Class 6), all of which are required 

to carry observers. 
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For this analysis, to try to standardize searching practices among vessels and trips through time, 

data were limited by the following criteria:  

1. To ensure homogeneity of searching techniques, data collected prior to 1990 were excluded, 

because information on radar use did not become available until the late 1980s (Lennert-

Cody et al., 2001).  

2. To ensure that vessel crew were actively searching for dolphins, and that the vessel was not 

switching fishing modes, depending on availability of tunas as free schools or as schools 

associated with dolphins, trips making fewer than 50% of their sets on tunas associated with 

dolphins were excluded (but see Section 2.5).  

3. Days when the vessel was not actively searching with the observer on duty, days without at 

least two valid positions, days where the vessel was at or near full fish-carrying capacity (≥ 

90% capacity; to remove periods of lower-intensity search), and days with rough sea state 

(Beaufort > 4) (to exclude periods when detection might be impeded by weather) were 

excluded.   

4. If one or more sets were made during a day, any recorded search and sightings between the 

sighting that led to a set and the set itself were excluded to remove periods of lower-intensity 

search. 

5. To minimize the effects of the sundown prohibition (AIDCP Annex VIII page 22 3(e) 

http://iattc.org/PDFFiles2/AIDCP-amended-Jul-2014.pdf ) which took effect in 1993 and 

which may result in lower-intensity search at the end of the day, search and sightings made 

after 17:00 h were excluded.  

 

Further restrictions were applied to the dolphin sightings data. Sightings recorded as detected by 

“other” methods (most likely made by the observer) were excluded, as were sightings with 

incomplete information (missing herd size, missing or unknown species composition). For the 

most part, sightings with incomplete information were made by the helicopter too far from the 

vessel for any information on herd characteristics to be obtained. Sightings behind the vessel 

(bearings between 90°‒ 270°) were also excluded; it was assumed that all searching effort took 

place in the direction of travel of the vessel. Sightings of herds that did not include offshore 

spotted dolphins were excluded. 

 

2.2 Search effort 

Search effort was computed in kilometers. A vessel was considered to be searching if the vessel 

was in active search mode (i.e., not running, drifting, chasing or setting) and the observer was on 

duty. All events recorded by the observer during these active, on-duty search periods for each 

trip-day were processed to define searching ‘segments.’ A search segment was defined as any 

consecutive pair of events recorded by the observer. Search segment start and end positions were 

estimated if no positions were available. Positions were estimated from known positions as close 

in time as possible to the segment without position information. Search segments were mostly 

short in duration; about 70% were of less than one hour, and about 99% were of less than 2 

hours. Search effort was stratified by 1°areas; if a search segment crossed a 1°area boundary, 

effort was distributed between the 1°areas, assuming a linear path between the segment start and 

end positions. Because of the way search segments were defined, sightings were always 

associated with segment end positions. It is assumed that on such small spatial scales, search 

http://iattc.org/PDFFiles2/AIDCP-amended-Jul-2014.pdf
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effort was randomly distributed with respect to dolphin abundance. The spatial distribution of 

search effort is shown in Figure 1, and is generally similar to the spatial distribution of sets on 

tunas associated with dolphins within the ETP (e.g., Watters, 1999).  

 

2.3 Search behavior 

The three different search methods do not appear to have operated independently. As inferred 

from the distance to sightings from the purse-seine vessel (Figure 2), the three search methods 

operated at overlapping distances, with helicopters operating the furthest from the vessel. 

Sightings by all three methods were made close to the vessel, which is consistent with the 

reported use of helicopters to investigate binocular and radar sightings for the presence of tuna. 

The overlap in sighting distances means that sightings reported by binocular search could have 

been detected by the helicopter and/or on radar further from the vessel, but not reported, 

although the potential evasive response of dolphins (e.g., Pryor and Norris, 1978; Lennert-Cody 

and Scott, 2005) means this would not be guaranteed. The observer recorded the search method 

that he believed to have first sighted the dolphin herd; no data were collected by the observer as 

to when (or if) the same herd is seen by other search methods. To avoid confusion, hereafter the 

search method recorded by the observer will be referred to as the ‘detection type’ because search 

method-specific estimates of effort are not available. 

 

Although the search effort associated with each of binoculars, radar, and helicopter, is unknown 

(as explained above), changes in the sighting reporting rates by the three detection types suggest 

that searching techniques evolved over the 1990-2013 period. The percentage of sightings by 

detection type changed from mostly binocular sightings to mostly radar and helicopter sightings 

(Figure 3a). Helicopters had the highest percentage of sightings that led to purse-seine sets and 

binoculars the lowest (Figure 3b). Differences in percentages of radar and helicopter sightings 

that resulted in sets, as compared to the percentage of binoculars sightings that resulted in sets, 

are believed to be indicative of an underreporting of sighting information associated with 

helicopter and radar (Lennert-Cody et al., 2001). In particular, it is believed that helicopter crew 

only reported dolphin sightings to the vessel that were worth considering for a set. 

 

To capture any trend in changes in searching practices and sighting data availability through time 

by helicopter and radar, relative to binoculars, a trip-specific detection variable, r, was defined. 

For the j
th

 trip, rj was defined as the proportion of sightings by helicopter and radar in trip j 

(equal to the sum of sightings reported by either helicopter or radar in the j
th

 trip, divided by the 

total number of sightings for the j
th

 trip). If the proportion of sightings by detection type is 

positively correlated with search method-specific effort, then values of r near 0 would imply low 

helicopter/radar effort, while values of r near 1 would imply high helicopter/radar effort. An 

important aspect of r that may allow for identification of the effects of changes in searching 

behavior through time from other temporal trends, such as trends in dolphin abundance, is that 

much of the range of values spanned by r can be found in most years (Figure 4). The annual 

median values of r increase through time as would be expected given the temporal trends in 

sightings by detection type (Figure 3). 

 

2.4 Trends model 

In contrast to previous analyses where a line-transect approach for trend estimation was used 

(Buckland and Anganuzzi, 1988; Anganuzzi and Buckland, 1989; Buckland et al., 1992; 
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Lennert-Cody et al., 2001), a catch-per-unit-effort (CPUE) approach to trend estimation was 

taken in this analysis, in part because of concerns about the quality of the bearing data (Lennert-

Cody et al., 2001) and the potential effects that could have on estimated abundance (Barlow, 

2015). The index of relative abundance was based on the number of dolphins per kilometer 

searching per trip-day-1°area. A trip-day was the minimum time unit for the analysis because 

searching was a day-time activity, and it was not possible to unequivocally associate periods of 

search with individual sightings within a trip-day. This analysis used all offshore spotted dolphin 

sightings out to 20 nm from the vessel for which there was an observer’s estimate of herd size 

and species composition (initial or best) (2.4% of sightings were excluded with the 20 nm 

restriction). The 20-nm restriction had the greatest effect on helicopter sightings (Figure 2); 

almost all binocular sightings and most radar sightings were made within 20 nm of the vessel. 

Therefore, the analysis included all the dolphin herds that might have been recorded as binocular 

sightings, if they had not been recorded as sightings by the other search methods. A total of 

362,180 trip-day-1°area “observations” and 99,598 dolphin sightings were used in the analysis, 

representing 3,888 trips of 153 vessels. Most trip-day-1°areas had no herd sightings (78%), 18% 

had one herd sighting, with a maximum of 6 herd sightings per observation. Crew-only sightings 

were excluded because vessel crew usually did not distinguish between the offshore spotted 

dolphin and the coastal spotted dolphin, and because crew estimates of group size have been 

shown to differ from those made by observers (Buckland and Anganuzzi, 1988). However, it is 

noted that a preliminary analysis of encounter rate that also included crew-only sightings 

produced very similar results, most likely because crew-only sightings amounted to only a 7% 

increase in the number of sightings.  

 

Herd size estimates were used “as is” in this analysis without any adjustments. The observer’s 

best estimate of offshore spotted dolphin herd size was used, if available; otherwise, the 

observer’s initial estimate was used. Herd size estimates ranged from 1 to 9,999 dolphins with a 

median value of 412 dolphins (inter-quartile range: 218-700). An estimate of 9,999 indicates that 

there were at least that many animals; there were only two observations with a herd size of 9,999 

in the data set used in this analysis. For sightings with both an observer’s best and an observer’s 

initial estimate of the number of offshore spotted dolphins, the Spearman rank correlation 

between the two estimates was 0.96 for pure herds of spotted dolphins and 0.90 for mixed-

species herds
2
. Therefore, in this analysis, the initial estimates of herd size were not adjusted (c.f. 

Buckland and Anganuzzi, 1988). Set-sightings, those sightings that led to a set, and for which an 

observer’s best estimate of herd size was available, accounted for 83.3% of the sightings used in 

this analysis.  

 

It was assumed that the number of dolphins seen while searching arises from a two-stage 

process: encountering dolphin herds and dolphin herd size. In addition, for the formulation of the 

CPUE-type model, it was assumed that, having accounted for covariate effects (described 

below), the spatial distribution of search effort, and the search methods being used, were 

independent of dolphin abundance and density of dolphin herds associated with tunas.   

 

For N = number of herds encountered, W = herd size, and 𝑁 ~ 𝐹𝑁(𝑛) and 𝑊𝑖 ~ 𝐹𝑊(𝑤), i =1,2,… 

                                      
2
 The estimated slopes of the regression lines were 0.952 (s.e. = 0.0014) and 0.920 (s.e. = 0.0022), respectively. 
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(where Wi  is only observable if i ≤N), the number dolphins encountered, Y, was defined as 

 

  𝑌 =  

{
 
 

 
 
∑ 𝑊𝑖
𝑁
𝑖=1     𝑖𝑓 𝑁 > 0

 

 

0                𝑖𝑓 𝑁 = 0

 

 

 

Assuming the summation above is zero if N is zero, the mean of Y is given by (Wald, 1944)  

 

E(Y) = 𝐸(𝐸(𝑌|𝑁)) = 𝐸 (𝐸 (∑𝑊𝑖

𝑁

𝑖=1

|𝑁)) = 𝐸(𝑁𝐸(𝑊)) = 𝐸(𝑁)𝐸(𝑊) 

 

E(N) and E(W) were modeled separately, and from these components a standardized trend was 

computed. The approach taken to select covariates to model encounter rate and herd size was to 

include those covariates believed to be important based on our understanding of the fishing 

process. A statistically-based model selection procedure was not implemented because, in our 

experience, with this much data and a high percentage of zero-valued observations, many 

covariates may be statistically significant even if they are not sensible from a process point of 

view. 

 

A zero-inflated Poisson (ZIP; e.g., Minami et al., 2007; Zuur et al., 2009) generalized additive 

model (GAM; Wood, 2006) was used to model N as a function of covariates. A ZIP distribution 

is a mixture distribution that can be used to model data with an excess of zero-valued 

observations. In a ZIP distribution, zeros can arise from either the binomial process or the 

Poisson count process. A ZIP model was selected here because of the possibility that the data 

were zero-inflated due to under-reporting of sightings, and because preliminary analyses with a 

Poisson model did not adequately capture the non-zero counts. The same covariates were used in 

each part of the ZIP regression model: 

 

log (
𝑝𝑖

1 − 𝑝𝑖
) = 𝑦𝑒𝑎𝑟 + 𝑐(𝑚𝑜𝑛𝑡ℎ) + 𝑓(1°latitude, 1°𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒) + 𝑓(𝑘𝑚 𝑠𝑒𝑎𝑟𝑐ℎ) + 𝑓(𝑟) 

 

𝑙𝑜𝑔(𝜇𝑖) =  𝑦𝑒𝑎𝑟 + 𝑐(𝑚𝑜𝑛𝑡ℎ) + 𝑓(1°latitude, 1°𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒) + 𝑓(𝑘𝑚 𝑠𝑒𝑎𝑟𝑐ℎ) + 𝑓(𝑟)  
 

where pi is the probability that the i
th

 observation was in the zero state, μi is the mean of the i
th

 

observation for the count (Poisson) state, year is categorical (a factor), c represents a cyclic cubic 

spline smooth, and f indicates a smooth term or surface based on thin plate regression splines 

(subscripts on the right-hand side of the equations are supressed for simplicity). Based on the 

assumption that the smooth terms for km search (kilometers searching) and r should be 

monotonic, the number of basis functions for these two terms was set to 4. The ZIP GAM was 

fitted by an EM algorithm (e.g., Dempster et al., 1977; Minami et al., 2007) and the mgcv library 

(Wood, 2006) in R (R Development Core Team, 2012). The EM algorithm was run for 600 
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iterations, with the smoothing parameters fixed at the values obtained at the 200
th

 iteration. A 

zero-inflated negative binomial (ZINB) was not fitted to these data because preliminary analyses 

indicated that the added variance component in the ZINB (e.g., Minami et al., 2007) would be 

very small and the trade-off in terms of model complexity was not warranted. 

 

The rationale behind the covariates included in the ZIP model for encounter rate was as follows. 

The predictors latitude, longitude and month were included in the model because fishery activity 

varies both spatially and seasonally (e.g., IATTC, 2013; Hall et al., 1999; Watters, 1999), and 

the response of dolphins to tuna vessels has been shown to have a spatial component (Lennert-

Cody and Scott, 2005). Effort was included because it was expected that the encounter rate 

should be a monotonically increasing function of the distance covered while in search mode. In 

this analysis it was assumed that herd size does not affect detection in the typical sense. Lack of 

reporting, as opposed to lack of detection, was believed to be a greater problem, and for this 

reason a zero-inflated model was used (assuming some percentage of herd detections go 

unreported) and the covariate r was included as a predictor. Future analyses might instead 

attempt to model individual herd sightings and consider herd size as a covariate, as well as other 

herd-specific factors and factors describing sighting conditions, such as Beaufort sea state. 

However, separating reporting effects from detection effects may not be possible with these data 

because of a correlation of dolphin herd size with tuna catch (Hall et al., 1999) could lead to a 

confounding of the two effects. Instead of including a random effect for vessel in the model, the 

data used in the analysis were limited to trips with more similar searching practices (see Section 

2.1). 

 

Because herd size was a count, and strongly right-skewed, a negative binomial (NB) GAM was 

used to model W as a function of covariates: 

 

log(𝑣𝑘) =  𝑦𝑒𝑎𝑟 + 𝑐(𝑚𝑜𝑛𝑡ℎ) + 𝑓(1°latitude, 1°longitude) + 𝑠𝑒𝑡 𝑠𝑖𝑔ℎ𝑡𝑖𝑛𝑔 ∗ 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑦𝑝𝑒
+ 𝑚𝑖𝑥𝑒𝑑 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 

 

where 𝑣𝑘 was the mean number of offshore spotted dolphins in the k
th

 herd, set sighting was a 

two-level factor indicating whether the sighting led to a set, mixed species was a two-level factor 

indicating whether the herd was pure offshore spotted dolphins or a mix of species, detection 

type was a three-level factor (levels: binoculars, helicopter, radar), and “*” denoted main effects 

and the first-order interaction (subscripts on the right-hand side of the equation are supressed for 

simplicity). The model was fitted with the mgcv library in R. A negative binomial likelihood was 

used here even though W cannot take the value 0 because although there are 0-truncated NB 

GAM options in R (e.g., the library VGAM, Yee, 2014), that we are aware, these options do not 

offer two-dimensional smooth surfaces, and it was believe the two-dimensional spatial effects on 

the mean structure were important to capture. It is not expected that using the full NB likelihood 

versus a 0-truncated NB likelihood would have much effect on the estimated mean structure 

because the overall distribution of herd size was distributed well away from zero; 90% of the 

observations were between 65-1500 animals, and less than 0.1% of the observations were less 

than 5 animals. 

 

The rationale behind the covariates included in the NB model for herd size was as follows. The 

predictors latitude, longitude and month were included in the model for the same reasons as 
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noted above for the ZIP. The predictors set sighting and detection type were included in the 

model because herd size was found to vary depending on the detection type of the sighting and 

whether the sighting led to a set (Figure 5). Overall, dolphin herd size and tuna catch have been 

shown to be positively correlated (Hall et al., 1999), and thus, it would be expected that dolphin 

herds that were not set upon, i.e., were not associated with tuna or were not associated with 

enough tuna to be worth the vessel making a set (‘non-set-sightings’) were smaller herds. One 

possible reason herds reported by helicopters may have been larger than those reported by radar 

and binoculars is that helicopter sightings were more often associated with enough tuna to 

warrrant a set (Figure 3b). A factor for herds of mixed species was included because it was 

assumed that mixed-species herds could have a different mean number of offshore spotted 

dolphins; in general, mixed species herds have been shown to be larger than pure herds of 

offshore spotted dolphins (Hall et al., 1999).  

 

To control for covariate effects on the estimated trend (e.g., Maunder and Punt, 2004), an index 

of relative abundance was computed by predicting the mean number of dolphins, based on the 

fitted ZIP and NB GAMs, on the same fixed spatial grid for each year, at fixed values of the 

other covariates. Covariates other than year, latitude, and longitude were fixed at the median for 

continuous variables, and at the most common value for categorical variables. All 

median/common covariate values were represented in all years. The fixed spatial grid was the 

collection of 1° areas with any search effort in any of the 24 years. In each year, for each 1° area, 

the estimated CPUE was the product of the estimated encounter rate and the estimated group 

size:   

 [(1 − �̂�) ∙ �̂�] ∙ 𝑣 
 

The index for a given year was the sum of these 1° area estimates. 

 

2.5 Standardized trend 

In spite of some shortcomings in terms of model fit, the results of this analysis have provided 

useful insights into the structure of the dolphin data that will be important to address before 

better trend models could be developed. With exception of the km search term in the logistic 

component of the ZIP regression model, all model terms for both components of the ZIP, and for 

the NB model, were significant (term-specific p-values < 0.01). However, model diagnostics 

suggested that there is room for model improvement. The ZIP regression model for encounter 

rate performed better (AIC
3
 = 449,118) than a Poisson regression model (AIC = 456,808), but 

still did not adequately fit the data. The percent deviance explained by the logistic component of 

the ZIP resgression model was 91%, but the percent deviance explained by the loglinear 

(Poisson) component was only 7%. The percent deviance explained by the NB regression model 

for herd size was 23%. In addition, convergence of the EM algorithm for the ZIP was slow; at 

600 iterations, the maximum difference in the latent variable was 0.015. Extensions to the EM 

algorithm (e.g., McLachlan and Krishnan, 2008) would need to be considered in the future to 

achieve better convergence. Future models also might include asymmetric smoothing for 2-D 

terms (i.e., the latitude-longitude surface), although in a preliminary analysis, a ZIP with a tensor 

                                      
3
 For the ZIP, the AIC statistic (e.g., Burnham and Anderson, 2002) was defined as: -2*log likelihood + 

2*sum(trace(influence matrices)). 
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product basis (Wood, 2006) for the 2-D spatial term produced unstable results for the Poisson 

component. Despite this, the current model results provide information on the extent to which 

that data violate the primary assumptions about independence of effort and the abundance of 

dolphin herds associated with tunas, on a range of spatial and temporal scales, and illustrate that 

the processes behind the trends in the percentage of sightings by detection method (Figure 3) are 

likely more complex than had been assumed. Three points are described below in detail. 

 

First, on the scale of a trip-day-1°area, the maximum amount of search effort that took place 

appears to have depended on whether any sets were made (i.e., on fishing success), producing a 

non-monotonic relationship between encounter rate and effort. The shape of the smooth term for 

km search estimated from the loglinear (Poisson) component of the ZIP regression model at 

distances less than about 120 km (the range over which confidence intervals are very small) 

(Figure 6a) illustrates this point; the smooth term for km search from the logistic component of 

the ZIP regression model was flat and not significant (p-value = 0.61). The shape of the smooth 

term from the loglinear part shows an initial increase with increasing effort up to about 50 km, 

which would have contributed to an increase in the estimated mean number of sightings over that 

distance. This increase is followed by a decrease out to roughly 120 km. It is hypothesized that 

this shape is consistent with a decrease in time available for searching on days when one or more 

sets were made, and thus, a decrease in the maximum distance that could have been covered in 

search mode on days when sets were made. Making a set is a time-consuming process; in 2013, 

the median time spent by a vessel from the start of the chase to the end of the set was 3 hours. To 

further explore this hypothesis, the quantiles of km search were comuted as a function of the 

number of set-sightings that occurred during the day (Figure 6b). The full range of search 

distances were associated with trip-day-1°areas with no set-sightings. However, the range of 

search distances shrinks, particularly the extent to which larger distances occurred, as the number 

of set-sightings increases, consistent with the hypothesis. It is noted that the data selection 

criterion (4) of Section 2.1 also would have contributed to reduced effort on days when sets were 

made (about 11% of effort was eliminated with this restriction). Although a day is a natural unit 

for the encounter rate data because search cannot take place at night, the data could be further 

aggregated in time and space. However, it is not clear what temporal and spatial scales should be 

selected, given the other processes occurring at larger spatial-temporal scales (see below). 

 

Second, the types of search methods used at different times during a trip appear to have 

depended on the vessel’s perception of the local abundance of dolphins associated with tunas or 

the local abundance of dolphins. The shape of the smooth term for the detection variable, r, from 

the logistic component of the ZIP regression model illustrates this point; the smooth term for r in 

the loglinear (Poisson) component of the ZIP regression model was fairly flat (Figure 7). A 

monotonically increasing trend for r from the logistic component was expected because it had 

been assumed that the proportion of sightings by detection type for a trip reflects the proportion 

of search method-specific effort, and that sightings would be more likely to be reported during 

search dominated by use of binoculars. (A monotonically increasing trend for r would have 

indicated an increasing probability of being in the zero state with an increasing proportion of 

helicopter and radar sightings.) However, this would only be true if the search methods used 

were independent of abundance. The estimated smooth term for r shows exactly the opposite 

trend than expected at small values of r, i.e., at high proportions of binocular sightings (Figure 

7a). It is hypothesized that this pattern reflects use of different search strategies within a trip, 
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depending on perceived abundance. ‘Transit’ and ‘area’ search are two examples of different 

types of searching strategies that could have taken place during a trip. The term transit search 

refers to search that occurred while in transit to a predetermined fishing area, and is characterized 

by mostly linear movement (at the resolution of our data) through a larger area, while the term 

area search refers to search that occurred within a predetermined fishing area, and is 

characterized by multiple passes of the vessel through a relatively small region (Figure 8). 

Helicopters may not have been as likely to be used during transit search because of the 

preception that encountering dolphins with tunas, or encountering dolphins, was less likely. 

Within a trip, therefore, an increase in binocular sightings, relative to helicopter sightings, could 

have occurred simply because the vessel was transiting through an area of low density of dolphin 

herds associated with tunas and/or an area of low dolphin abundance. Disentangling within-trip 

searching strategies, and quantifing their relative importance, will be difficult and subjective 

because different search strategies would have to be inferred from features such as search path 

characteristics. In order to better address this issue in the future, it would be important that, for at 

least a subset of vessel trips, helicopter position information were available for analysis, detailed 

helicopter activities were recorded by observers, and all sightings by the crew in the helicopter 

were recorded and made available for analysis. 

 

Finally, search in general does not appear to have been independent of the abundance of dolphins 

associated with tunas. The ZIP-NB index and a nominal CPUE index for yellowfin tuna, 

computed from the same general data set, show a similar saw-toothed pattern (Figure 9), despite 

the different life histories of the two species. Given that the percentage of sightings leading to 

sets was fairly constant through time for each detection type (Figure 3b), and high overall 

(83.3%), the ZIP-NB index may actually be an index of the tuna-dolphin association, largely 

reflecting fishermen’s ability to locate areas where dolphins were associated with tunas, instead 

of indexing changes in the absolute abundance of dolphins. During periods when tuna abundance 

was high, most dolphin herds may have been associated with tunas and fishing would have been 

more efficient in areas with high dolphin density where less effort would have been expended to 

find dolphin herds. On the other hand, when tuna abundance was low, fishermen would have had 

to work harder to find areas where dolphins were associated with tunas, which may have 

included areas of low dolphin abundance, increasing effort and decreasing the index. The 

agreement between dolphin and tuna indices transcends model types fitted to the dolphin data, 

and subsets of the data. There is agreement between the ZIP-NB index and an index for the 

northeastern
4
 stock of offshore spotted dolphin (Lennert-Cody et al., 2001) (Figure 9), which 

was based on line-transect analysis of data from trips with 5% or more of their sets on tunas 

associated with dolphins and that used only those sightings within 5 nm of the vessel. And, there 

is aggrement between the ZIP-NB index and a preliminary index for the northeastern offshore 

spotted dolphin based on delta-lognormal model and trips with 5% or more of sets on tunas 

associated with dolphins (Lennert-Cody and Maunder, 2014) (Figure 9). The dolphin tuna-vessel 

indices show some similiarity to the NMFS survey estimates, but the temporal sparseness of the 

NMFS survey points makes detailed comparison impossible, and errors on the survey estimates 

are large (Gerrodette et al., 2008). This problem of non-random search with respect to the tuna-

dolphin association is not likely to be remedied by collection of additional sighting and effort 

                                      
4
 The northeastern stock of offshore spotted dolphin is defined geographically as occurring north of 5°N and east of 

120°W. 
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data in the vicinity of the tuna vessel. 

 

It is noted that an alternative interpretation could be taken with regard to the longer time scale 

similarity of dolphin and tuna indices. On long time scales and over large spatial scales, both 

species might be expected to be affected similarly by environmental change because both species 

are large pelagics inhabiting the same ecosystem. Changes in yellowfin tuna diet in the ETP on 

decadal scales (Olson et al., 2014), and in icthyoplankton assemblages of upwelling areas of the 

ETP during El Niño events and warm periods (Vilchis et al., 2009), suggest that large-scale 

spatial-temporal effects of climate change in the ETP have the potential to affect pelagic species 

by way of changes to the food web. Thus, on certain spatial and temporal scales, some degree of 

correlation between indices for the two species might be expected because of environmental 

forcing. Similarities between the two indices, therefore, likely reflect a combination of factors. 

Unfortunately, not enough is known about the tuna-dolphin association, or its relationship to 

absolute abundance of dolphins, to be able to quantify environmental effects on the association. 

 

This analysis has highlighted one of the disadvantages of fishery-dependent observer data in the 

case of associated bycatch species: unless it is known how abundance of the population varies 

with the strength of the target species-bycatch species association, and with the abundance of the 

target species, the index of relative abundance for associated animals is difficult to interpret. In 

the case of dolphins in the ETP, development of an index is particularly problematic. Typically, 

in stock assessment modeling, a questionable index can be identified by its lack of agreement 

with other inputs to the assessment model, such as catch amounts and biological parameters. In 

the case of ETP dolphins, however, both the historical catch and the population growth rate are 

subject to much debate (NRC, 1992; Wade, 1995; Punt, 2013). Thus, alternatives to indices from 

fishery-dependent observer data need to be considered, such as those proposed below. 

 

3. Alternatives to fishery-dependent trends 

3.1 Line-transect surveys using purse-seine vessels 

The use of large purse-seine vessels from the international tuna fleet as dedicated fishery-

independent survey platforms for conducting dolphin line-transect surveys is one alternative to 

the use of fishery-dependent data. It is not clear, however, that this option would be any more 

cost-effective than using dedicated research vessels. The single largest cost component of line-

tranect surveys in the ETP has been the cost of the vessel (IATTC, 2014 and references therein). 

The estimated daily cost of a NOAA research vessel in 2013 (including crew) was US$ 15,000, 

or, including 25 days in port per vessel, US$ 4.35 million for a 240-sea day, 2-vessel survey 

(which was the survey period used in the latest NMFS ETP survey). For large purse-seine 

vessels, exact costs will depend on the size and age of the vessel, on country-specific costs of 

fuel and insurance, and on helicopter costs (for vessels with helicopters). As an example, it is 

estimated that a large purse-seiner could cost between about US$ 15,500 and 25,200 per day. 

Because the vessels would need to follow strict survey protocols and use pre-determined track 

lines, just as is done by research vessels (Gerrodette et al., 2008), there would be no opportunity 

to offset vessel costs with tuna-fishing activities, unless the surveys were conducted in the closed 

season (see below) and fishing was explicitly built into the survey design to avoid biasing the 

survey results. 
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There is the possibility of conducting dolphin surveys during fishery closures, which might 

provide a cost savings. Fishery closures for the ETP purse-seine fishery take place between about 

July and December (IATTC, 2013), around the same time of year as the NOAA surveys were 

previously conducted. The fishery closures currently consist of two approximately 2-month 

closure periods, and each vessel participates in only one of those closures per year. A very rough 

estimate of the potential of fishing to offset survey costs can be obtained as follows. Based on a 

price of roughly US$ 2,000 per ton of yellowfin tuna (FAO, 2014; 2015; tuna prices are highly 

variable), and the most recent fishery statistics (IATTC, 2015), which indicate an overall catch 

per set of yellowfin tuna of about 15 mt in sets on tunas associated with dolphins, it is clear that 

allowing fishing during a dedicated survey trip would have the potential to offset survey costs. 

On the other hand, it must be considered whether surveys conducted during a fishery closure, even 

without allowing limited fishing, would result in sufficient numbers of sightings per purse-seine 

vessel to allow for standardization of differences among vessels. Roughly 200 sightings of offshore 

spotted dolphins and eastern spinner dolphins were obtained from the 2006 NMFS survey, with 

two research vessels operating for a 4-month period (Gerrodette et al., 2008). All else being equal, 

this number of sightings is at most twice the number of sightings per vessel recommended to be 

able to standardize for differences in survey platform characteristics and in environmental 

conditions, although it may be possible to standardize with somewhat fewer sightings using a 

multiple-covariate distance sampling method (Thomas et al., 2010). This suggests that perhaps 3‒4 

purse-seine vessels operating for less than 4 months might be feasible, but this is far from certain 

without a detailed study of previous survey variability. Because purse-seine vessels that fish on 

tunas associated with dolphins carry helicopters, the use of helicopters as a survey platform could 

be built into the survey design, perhaps increasing survey effort. Using the same vessels each year 

would help with issues related to standardization. If, on the other hand, large numbers of purse-

seine vessels were to survey for short periods of time during a closure, it is unlikely that the 

number of sightings per vessel would be sufficient to make standardizing for differences among 

vessels possible, and these differences would result in greater uncertainty in the estimates of 

abundance. Regardless, there is no guarantee that an index based on tuna vessel line-transect 

survey data could be delevoped, no matter the cost. 

 

In addition to cost, large-scale line-transect surveys involve considerable logistical and technical 

overhead. For the NMFS ETP dolphin surveys (e.g., Gerrodette et al., 2008) each vessel carried a 

seven-person search team, comprised of a scientific coordinator and two teams of three observers, 

highly skilled and experienced at sighting and identifying marine mammal species. Data for each 

sighting were entered into a customized computer database in real time, with the position recorded 

automatically from the survey vessel’s Global Positioning System. Observer estimates of dolphin 

herd size were individually calibrated using aerial  photographs collected during the surveys. While 

it may be possible, after additional training, to use tuna vessel observers as survey observers, most 

fisheries observer programs are unlikely to be equipped a priori with resources to provide the 

additional support that large-scale line-transect surveys require.  

 

An important consideration is whether indices of dolphin abundance based on purse-seine vessel 

surveys should stand alone or could be used to extend the previous research vessel survey 

estimates. The NMFS ETP surveys were designed to estimate absolute abundance. In principle, 

if the bias is low, they can be compared with any other low-bias estimates of abundance, while 

taking the estimation uncertainty into consideration. This has the advantage that any new method 
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to estimate absolute abundance does not have to follow the same protocol, only that it is a low-

bias, and preferably a low-variance, estimate of absolute abundance. However, if the estimates 

are biased in the sense that they only provide information on relative abundance, then the same 

protocol should be used or some form of calibration (standardization) should be conducted. 

Importantly, if there is no overlap in time between the two survey types (research versus tuna 

vessel), it will not be possible to standardize for any indirect (or direct) differences in effects of 

the two survey platforms; any differences attributable to vessel types cannot be unequivocally 

separated from changes over time in dolphin abundance. This could be an important 

consideration if, for example, dolphin herds respond differently to tuna vessels (e.g., level of 

evasive response) compared to research vessels (Pryor and Norris, 1978; Au and Perryman, 

1982; Hewitt, 1985; Lennert-Cody and Scott, 2005).  Also, although there is overlap between the 

area covered by the NMFS survey (Gerrodette et al., 2008) and the area covered by the fishery 

(Figure 1), with considerable overlap between the area of most intense fishing effort and the 

primary area of focus of the NMFS surveys (north of 5°N and east of 120°W, which corresponds 

to the northeastern stock of offshore spotted dolphin), the mean spotted dolphin herd size 

reported by tuna vessels is about 4 times larger than that reported by research vessels. This 

difference may be due to differences in how the two types of vessels operate but also in how 

observers on the two types of vessels approach the difficult problem of estimating dolphin herd 

size (Ward, 2005). It is also worth noting that since the main goal of any survey is to detect 

changes in abundance and these changes occur slowly over time, creating a new index of relative 

abundance will not be beneficial in the short term. 

 

3.2 Alternatives to line-transect surveys 

3.2.1 Mark-recapture methods 

Abundance can also be estimated using mark-recapture techniques, although large population 

size, combined with heterogeneous and non-independent probabilities of capture, will make this 

challenging. Marking individuals with visual tags requires an initial capture to attach the tag to 

the animal, and subsequent visual “recaptures” of tagged individuals by observers or vessel crew. 

Tagging and tracking studies of dolphins using radio tags and visual tags (see tag descriptions: 

White et al., 1981; Scott et al., 1990; Scott and Chivers, 2009) have been conducted previously 

in the ETP (Perrin et al., 1979; Leatherwood and Ljungblad, 1979; Butler and Jennings, 1980; 

Scott et al., 1990; Scott and Chivers, 2009), and while much was learned about behavior, 

movements, and migration patterns, the number of tag returns was not large enough to estimate 

abundance. Tagging methodology has improved, but further discussion and investigation is 

needed to determine how radio and visual tagging methods could be applied on a large scale to 

ETP dolphins for the purpose of monitoring abundance. Also, there is the need to accurately 

estimate the level of tag losses and heterogeneity of sighting probabilities to help determine the 

required sample size, and to correct for biases in the population estimate. 

 

Passive Integrated Transponder (PIT) tags are another tagging option to estimate population size 

(Smyth and Nebel, 2013, and references therein), and have been proposed previously for studying 

ETP dolphin movement (IATTC, 2005). An animal is “marked” when the PIT tag is implanted 

internally (thus reducing tag loss) and “resighted” when a receiver detects the presence of the PIT tag 

during a purse-seine set. Research would be required to determine the viability and practicality of 

PIT tags for estimating population size using mark-recapture methods, and of using PIT tags in the 
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marine environment where tag detection would need to occur over a distance of several meters. 

However, PIT tags have a potential advantage because the dectector could be located in the cork line 

of the purse-seine net, over which dolphins pass when they are released during the “backdown” 

procedure prior to brailing the tuna (NRC, 1992). This would allow for recaptures that did not 

interfere with fishing operations nor require time of vessel crew and fisheries observers. Thus, the 

use of PIT tags could take direct advantage of the fishing process to obtain recaptures. Spatially-

explicit capture-recapture models (Borchers, 2012) might perform well with this type of data. 

 

Genetic mark-recapture techniques (e.g., Pearse et al., 2001) and “close-kin analysis” methods 

(e.g., Skaug, 2001; Bravington et al., 2014), use genetic information to estimate abundance. 

Mark-recapture methods require an initial sample for marking and a subsequent recapture sam-

ple.  Close-kin methods require sampling of both adults and calves, and the tendency of cows 

and calves to associate (Scott and Perryman, 1998) may pose a challenge to the use of this meth-

od unless the association can be modelled. Based on the 2006 estimates of dolphin abundance of 

about 1.3 million offshore spotted dolphins (Gerrodette et al., 2008), tissue samples from rough-

ly 17,000 offshore spotted dolphins (per Robson and Regier, 1964) would need to be collected 

during each phase for the mark-recapture study. For close-kin analysis, using the abundance and 

coefficient of variation from the 2006 surveys (Gerrodette et al., 2008) and the sample size for-

mula of Bravington et al. (2014), samples from about 9,000 animals would be required in the 

first year, but perhaps fewer samples in subsequent years. Using the maximum number of ani-

mals biopsied during the NMFS CHESS cruises (27 animals in one dolphin-set; Forney et al., 

2002), and assuming 1 dolphin-set per day, genetics sampling using the close-kin method would 

require over 330 dedicated sea-days, and more for the genetics mark-recapture method; the num-

ber of sea days may be greater if non-independence of captures from the same set cannot be ad-

dressed analytically. This number of sea days is greater than the 240 sea-days estimated for the 

NMFS line-transect surveys. For close-kin methods, and for recaptures for the mark-recapture 

method, it may be possible to obtain samples from dead animals only, but at the current annual 

mortality level of about 1,000 animals (IATTC, 2013), it would take a decade or more to obtain 

sufficient samples. Nonetheless, these samples could still be valuable in the long run. Alterna-

tively, recaptures for the genetics mark-recapture method might be obtained from tissue samples 

collected by vessel crew or fisheries observers from live animals at the time that dolphins are re-

leased from the purse-seine net in the backdown procedure during normal fishing operations. 

Vessel crew are in the water at the time of backdown, in rafts and as swimmers, to help release 

dolphins from the net (NRC, 1992). The median number of spotted dolphins encircled with the 

purse-seine net in a set during 1994‒2013 was 230 animals (IATTC, unpublished data). If even a 

small fraction of those animals could be successfully sampled, at the current level of about 

10,000 dolphin sets per year (IATTC, 2015), reaching the required number of recaptures in sev-

eral years may be feasible. Thus, for ETP dolphins, genetic mark-recapture may be more advan-

tageous than close-kin genetic methods because marks and recaptures can be for any individuals, 

and therefore the sampling could make direct use of the fishing process. 

 

Mark-recapture methods that take advantage of the fishing process, such as PIT tags and genetics 

mark-recapture, would seem most promising from the point of view of maximizing data 

collection with minimal interruption to daily fishing activities. For all these mark-recapture 

methods, however, there are research costs that have yet to be determined, as well as costs for 

logistics and technical support, and analysis, and so it is not presently clear how mark-recapture 
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methods compare to line-transect methods in terms of cost. Moreover, genetics markers for 

dolphin species would need to be developed.  

 

For all mark-recapture methods, if implemented during normal fishing operations, it would be 

essential to establish that animals encountered by fishery are representative of the population; 

i.e., that it is not just a specific subset of the dolphin population that gets encircled by purse-

seines. Because the purpose of fishing is to catch fish, fishermen attempt to encircle dolphins that 

are associated with tuna, which may not be the entire dolphin herd (NRC, 1992). Prior to 

encirclement with the purse-seine net, fishermen attempt to exclude dolphins not associated with 

tunas and some dolphins actively evade capture. Spatial structure in dolphin evasive response 

(e.g., Lennert-Cody and Scott, 2005), for example, implies that recapture probabilities would not 

be expected a priori to be spatially invariant.  

 

3.2.2 Life history sampling 

Life history data were collected by NMFS and IATTC observers from the 1970s to the mid-

1990s (e.g., Perrin et al., 1973; Perrin et al., 1976; Perrin and Henderson, 1984; Perrin and Reil-

ly, 1984; Hohn and Hammond, 1985; Hohn et al., 1985; Myrick et al., 1986; Perrin and Hohn, 

1994; Galván-Magaña, 1999; Olson and Watters, 2003; Scott et al., 2012). Observers recorded 

information on length, sex, and color phase in spotted dolphins (an indicator of age class: Perrin, 

1970) from dolphins that died in purse-seine sets, and collected reproductive organs, stomach 

contents, and teeth (for estimating age). Although observers continue to collect data on color 

phase, routine collection of other life history data ended due to insufficient funding. The IATTC 

has approved resumption of a complete life history sampling program (IATTC, 2005), but fund-

ing has yet to be procured.  

 

Life history data, without ongoing surveys, cannot provide an estimate of relative abundance, but 

over time, such data can offer qualitative information on population status, and life history data 

have been used extensively in studies of ETP dolphin stock status. Reilly and Barlow (1986) 

used survivorship and fecundity data (calving interval, age at first birth, adult and juvenile survi-

vorships) to calculate maximum population growth rates, which have been used for stock as-

sessment and management of marine mammals under the U.S. Marine Mammal Protection Act 

(Wade, 1998; MMPA, 2004). Age structure information has been used to make inference about 

population status, including evaluation of whether there are “holes” in the age distribution in-

dicative of age-biased take (Chivers, 2002; Archer and Chivers, 2002; Reilly et al., 2005). Age-

structured models, which incorporate life history information, have been used to assess ETP dol-

phin populations (Wade, 1994; Hoyle and Maunder, 2004; Reilly et al., 2005). Moreover, exist-

ing estimates of historical reproductive rates, survival rates, and age distributions (e.g., Perrin et 

al., 1973; Perrin et al., 1976; Perrin and Henderson, 1984; Perrin and Reilly, 1984; Hohn and 

Hammond, 1985; Hohn et al., 1985; Myrick et al., 1986; Perrin and Hohn, 1994; Perrin and Gil-

patrick, 1994) could be compared with similar estimates from future life history sampling pro-

grams.      

 

As with any data source, collection of life history data has both advantages and disadvantages. 

One advantage of life history data is that the cost of data collection is relatively low. The 

approximate cost of life history sampling for ETP dolphins would be US$ 255,000 for the first 

few years, but would likely decrease in subsequent years. And, the sampling can be done by 
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observers already aboard tuna vessels. Life history sampling would therefore directly take 

advantage of the fishing process. One disadvantage is that, because current dolphin mortality is 

so low, the data collection would need to be long-term and continuous to 1) gather a sample size 

adequate to compare with older data, and 2) provide ongoing monitoring of population 

parameters in the future. Another disadvantage, as noted above, is that life history data alone can 

only provide qualitative information on population status. 

 

4. Conclusions 

Indices of relative abundance computed from fishery-dependent observer data for species such as 

ETP dolphins, which are directly associated with the fishing process, are unlikely to be reliable 

indicators of absolute abundance trends. Attempts to develop an index of dolphin relative 

abundance from the current purse-seine data will be handicapped by a lack of independence of 

search effort and searching behavior, and the abundance of dolphin herds associated with tunas, as 

well as a lack of detailed data on activities of helicopter search and sightings. On the other hand, 

purse-seine vessels may serve as useful scientific platforms for estimating abundance based on 

other methods. Although purse-seine vessels may not be any more cost effective than research 

vessels for line-transect surveys, they may offer opportunities for mark-recatpure methods that take 

advantage of the fishing process to obtain recaptures. These mark-recapture methods will require a 

research and development phase, and are thus unlikely to provide information on abundance in the 

short term. The issues raised here with respect to dolphin trend estimation from fishery-dependent 

data underscore the need for basic research on the dynamics of the tuna-dolphin bond and the 

connection between abundance of dolphin associated with tunas and total dolphin population size. 
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Figure 1. Map of search effort by 1° area for the ETP (after all data processing), summed over 

years 1990-2013. Blue: ≤ 576 km; green: 576 km – 4,422 km; gold: 4,422 – 13,830 km; red: > 

13,830 km. 

 

Figure 2. Box-and-whiskers plots of the distance to dolphin sightings from the purse-seine vessel 

(nm), by detection type and year. The red dashed line shows the overall median distance 

(helicopter: 12.8 nm; radar: 8.7 nm; binoculars: 5.0 nm). Each box indicates the middle 50% of 

the data for that year (the black vertical line is the median), circles indicate values beyond 1.5 

times the interquartile range from the box.  

 

Figure 3. (a) Percent sightings by detection type, and (b) percent set-sightings by detection-type. 

The percentage of sightings by detection type is the annual number of sightings by detection type 

divided by the total annual number of sightings, times 100. The percentage of set-sightings by 

detection type is the total number of sightings that led to sets for a given search method divided 

by the annual number of sightings of that detection type, times 100. 

 

Figure 4. Box-and-whisker plots of the change in the detection variable, r, by year. 

 

Figure 5. Box-and-whisker plot of the dolphin herd size by detection type and non-set-sighting 

versus set-sighting. The y-axis has been truncated at 2000 to show detail. 

 

Figure 6. (a) The smooth term for km search from the loglinear (Poisson) component of the ZIP 

regression model, and (b) box-and-whisker plots of km search (trip-day 1° area), grouped by the 

number of set-sightings. The rug at the bottom of figure (a) shows the distribution of values of 

km search. 

 

Figure 7. (a) The smooth term for the change in the detection variable, r, from (a) the logistic 

component of the ZIP regression model, and (b) from the loglinear component of the ZIP regres-

sion model. The ‘rug’ at the bottom of each figure shows the distribution of values of r. 

 

Figure 8. Spatial trajectory of a 50-day fishing trip from 2012. Top panel shows the location of 

effort; black open circles indicate 1° areas with effort, size proportional to the amount of effort, 

and the gray dotted line connects 1° areas through time. Bottom panel shows some sighting char-

acteristics. Regions of the trip trajectory were subjectively labelled as “transit’ and ‘area’ search; 

no quantitative analysis was done of the spatial trajectory for this trip. 

 

Figure 9. Mean-scaled indices of relative abundance for dolphins and tunas. The mean-scaled 

lower and upper 95% confidence interval for the 1998 northeastern offshore spotted dolphin es-

timate (Gerrodette et al., 2008; blue vertical line) is provided to indicate the error associated with 

the survey estimates of abundance. The year 1998 was selected because the coefficient of varia-

tion for the northeastern offshore spotted estimate was the smallest of the period 1990-2006. 

Confidence intervals for the offshore spotted dolphin estimates and the northeastern offshore 

spotted dolphin estimates in other years would be larger.   
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