Webinar Report: Vaquita Survey Final Design
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1. INTRODUCTORY ITEMS

A Webinar requested by SEMARNAT (Annex A) took place on 17 June 2015 for the specific purpose of reviewing
and reaching final agreement on the design and other aspects of the vaquita abundance survey planned for
September-December 2015. The Webinar was hosted by Barbara Taylor at NOAA’s Southwest Fisheries Science
Center. Greg Donovan, Head of Science, International Whaling Commission, chaired the Webinar and was assisted
in preparation of the report by Randall Reeves, Chairman of the SSC/Cetacean Specialist Group of the International
Union for Conservation of Nature.

1.1 Chair’s opening remarks

After welcoming participants, Donovan emphasised that he would ensure that the primary focus of the Webinar
would be to follow the Terms of Reference (ToR) provided by SEMARNAT for the upcoming 2015 survey, the aim
of which is to obtain ‘the most precise abundance estimate possible given the anticipated low number of [vaquita]
encounters’.

In particular, he noted that several of the documents available (see Annex B) addressed, in addition to the primary
topic, important issues related, for example, to fishery closures, economic interests etc., that are beyond the ToR,
especially given the limited time available. He apologised that the meeting would be held in English and urged
participants to speak slowly and to indicate promptly if anything was said that they did not understand or agree with.

Donovan acknowledged the extensive efforts by management authorities and scientists in Mexico, the United States,
the United Kingdom and elsewhere to help ensure a successful planning process for the survey. In particular, he
thanked the cruise steering committee (Rojas-Bracho, Taylor, Jaramillo-Legorreta, Barlow, Gerrodette, Henry,
Nieto-Garcia and Cérdenas-Hinojosa) for their hard work as well as the numerous scientists within Mexico and
internationally who have invested their time in providing comments and advice on the various draft planning
documents. He particularly thanked those who were unable to participate in the webinar but had sent written
comments. The full list of documents that served as background and the basis for discussions is given as Annex B
and the documents themselves are given as Annex E, Appendices E1-E11.

In conclusion, he stressed that the discussion would centre on “Responses to reviewers” (Annex E, Appendix E1)
and on ‘Research design to estimate vaquita abundance: with Addendum to optimize design given new results on
2013-2014 rate of decline’ (Annex E, Appendix E2). He noted that the report below was not intended to include all
of the responses to the reviewers given in Annex E, Appendix E3-E11 but rather those that had been judged by
participants to require additional discussion. He explained that at the end of the discussion of each agenda item, he
would provide a suggested summary based upon discussions and available documents and invite participants to
comment on this. His objective was for the report to contain agreed conclusions or suggestions, and if there were
disagreements, a concise summary of the different views expressed.

1.2 Appointment of rapporteur
Reeves was appointed as rapporteur.

1.3 Adoption of agenda
The draft agenda was adopted without change (Annex C).

Participants in the Webinar, including those who were unable to join directly either due to prior commitments or for
technical reasons but submitted comments for consideration during the discussions, are listed in Annex D.

1.4 Process for development of report
A full draft of the report was circulated to all participants on 07 July 2015, with a request for responses by 14 July
2015. The report was finalised on 17 July 2015.

2. PRACTICAL SURVEY ISSUES

2.1 Survey areas and timing

2.1.1 Survey areas

The survey area was defined by the cruise steering committee primarily as the known range of the vaquita based on
sightings from previous surveys in 1993, 1997 and 2008 plus portions of the northern Gulf of California that are



considered to contain potentially suitable habitat for vaquitas based on what is known about their biology and

ecology.

The survey area was stratified for practical and safety reasons into two primary strata: an acoustic area (green in Fig.
1) and a visual area (blue in Fig. 1). It was also revised in response to the initial round of reviewers’ comments
(Annex E, Appendices E1 & E2) especially with respect to the proposed low coverage area outside the believed
known area of distribution. The visual area includes a sub-area (‘joint visual and acoustic area’ used for calibration,
red in Fig 1.), whose boundaries include most of the Vaquita Refuge which has been monitored acoustically since
2011. The entire visual area will be covered in one half of the survey period, and a more central ‘core’ area will be
surveyed more intensively (‘saturation’ sampling is anticipated) in the other. The acoustic area will be monitored

acoustically throughout the survey period.
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Fig. 1. Survey stratification scheme and
suggested tracklines from the Steering
Committee after consideration of the initial
round of reviewers’ comments — see Annex
E, Appendix E1.

Key —
Green: acoustic only area

Red: both acoustic and visual area (existing
acoustic monitoring zone and Vaquita
Refuge — see Annex E, Appendix E1)

Dotted gray line: eastern and southern
border of gillnet exclusion zone

Solid gray line: Vaquita Refuge Area
Blue: visual only area
Black crosses: acoustic sampling sites

Red crosses: raw sightings positions from
the 1997 and 2008 cruises (information on
coverage and tracklines can be found in
Jaramillo-Legorreta et al. (1999) and
Gerodette et al. (2011)

Large black triangle: Consag Rocks

There was some discussion about the areas to be covered, including why the visual ship component will not cover
the entire gillnet exclusion zone. It was agreed that the boundaries are reasonable, responded to reviewers’
comments and had been chosen for both biological and practical reasons, as follows:




(1) based upon sightings and the literature, vaquitas have never been observed in waters deeper than 50m —
most sightings from surveys have been in waters 20-35m and there have been acoustic and visual
detections in the northern waters shallower than 20m;

(2) the boundaries of the gillnet exclusion zone had been set to follow lines of latitude and longitude to
facilitate enforcement even though they covered areas deeper than 50m;

(3) it was not considered appropriate to survey waters deeper than 50m — the level of effort required to obtain
an estimate with a reasonable CV (assuming any animals at all were found there) would be far too great and
reduce coverage in the primary areas (and see Item 2.2 below);

(4) the Ocean Starr (the proposed survey vessel — see Item 2.4.2 below) can navigate safely and effectively
only in waters 20m or deeper (during the survey the exact position of that contour line will vary slightly
according to tidal phases and states) — hence it was appropriate to cover shallower portions of the vaquita’s
known or suspected range acoustically;

(5) the overlap zone (i.e. with both acoustic and visual coverage) was appropriate to calibrate the acoustic
information (see Item 3.4 below).

2.1.2 Timing of survey

As stated in the Terms of Reference (Annex A), the survey is expected to be conducted as soon as possible i.e. in the
second half of 2015. The current plan is for the survey to begin on 15 September and end on 6 December. The visual
shipboard component will be conducted as two 32-day legs with one refuelling and re-provisioning stop in Guaymas
between them.

It was clarified during the discussion of some reviewers’ comments regarding the option of carrying out the survey
in spring (when weather may be better) that the steering committee had investigated the available information on
prevailing weather conditions throughout the year. In particular, Jaramillo-Legorreta noted that two years ago when
the SEMARNAT team had been asked to investigate the design of a vaquita survey, they found that there are, on
average, more days with good sighting conditions in the spring than in the autumn but that the difference with
autumn was not so great as to preclude the autumn option. Indeed the successful 1997 and 2008 vaquita surveys had
been conducted in the autumn and that experience had been used in calculating the number of days that would be
required for a successful survey with low CVs. Finally it was concluded that holding the survey in autumn was in
accord with the funding body’s desire to have it take place as soon as possible.

2.1.3 Summary and conclusions
Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the revised plans were acceptable with respect to survey area and timing.

2.2 Trackline design for visual survey

The revised survey design includes transects totalling approximately 600n.miles and it is reasonable to expect that
this can be covered during the first leg of the survey, assuming an average of around 19n.miles per day; the survey
in 1997 covered ~ 17n.miles per day and the survey in 2008, ~ 34n.miles per day. It was also clarified that if
conditions were to allow early completion of the full transect grid, the intention would be to attempt to repeat as
much of the area as possible in any remaining ‘spare’ time.

The participants recognised that there are a number of competing factors involved when designing appropriate
tracklines e.g. relating to maximising time spent on effort; obtaining equal coverage probability; practical
considerations with respect to glare etc. Extensive constructive input had been received from reviewers and the
steering committee explained how these had been taken into account in the revised design. Some additional
comments had also been received in light of the revised design in written submissions (Annex E, Appendix E4 &
E10) as well as during the Webinar discussions, although those making the suggestions had also agreed that the
proposed revised design was acceptable.

These comments can be summarised as follows:

(1) given a fixed amount of survey effort, variance estimation is optimised by having more shorter lines rather
than fewer longer lines;
(2) running transect lines parallel to the coast is not usually ideal.

It was suggested that consideration be given to modifying the design by running lines at, say, 30-45 degrees SW-NE.
This would generate more lines and avoid their being parallel to the coast (and avoid most of the glare). Whilst
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theoretically more robust, it was also noted that this may (a) conflict with survey logistics and (b) not be important
in practice. Determining the best pragmatic approach can also be complex. For example on good weather days, a
long S to N line that can be surveyed in a single day maximises the use of those good conditions (although it may be
problematic when there are two good weather days in a row) whereas with shorter lines, more time would be lost
moving between the end of one line and the beginning of the next. If lines are mostly broken because of variation in
sea conditions then there will effectively be more replicates for variance estimation, which is good, but this contrasts
with the advantages of surveying a long line in a single day.

It was confirmed that the steering committee had considered the question of transect line design at some length,
recognising that a zigzag design is more efficient in that there is no need to go off-effort in good conditions.
However, they stressed that the survey area is a small one and only a small amount of time is required for changing
lines. There is also a benefit with parallel lines that they provide equal probability coverage within a non-squared
polygon. With respect to glare (experience has shown this to be an important issue), use of N-S lines works best. It
was also noted that it has proved relatively rare that long lines are completed at one time. Most of them end up being
‘composites’ of effort on different days, in addition to being of variable length. For that reason, variance estimation
on previous vaquita surveys has not been based on replicate lines.

2.2.1 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the revised plans were acceptable with respect to trackline design and effort. However, the
steering committee was also encouraged to continue to examine the design in light of the considerations above by
continued informal discussions with reviewers.

2.3 Placement and number of acoustic sampling sites

Participants were informed that with the funds available, it is possible to establish and maintain a maximum of 136
acoustic sampling sites. There had been a number of valuable suggestions made by reviewers with respect to the
acoustic component of the initial plan and these had been taken into account in the revised plans (and see Fig. 1).

The sampling strategy within the calibration area (joint acoustic and visual area, red-bordered polygon in Fig. 1) is
unchanged from the long-term grid. A similar design will now be used within the purely acoustic area.

2.3.1 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the revised plans were acceptable with respect to placement and number of acoustic buoys within
the approved budget.

2.4 Visual methods — personnel, equipment including vessel choice, independent observer mode and tracking
With respect to the practical undertaking of the survey, participants noted that the number of sightings is likely to be
small, particularly given the recent acoustic data showing a large decline in vaquita abundance over the last three
years. There is thus considerable value in the survey being as similar as possible to the successful surveys in 1997
and 2008 (in terms of vessel, observers, searching strategy and equipment) to allow data from previous surveys to be
incorporated into estimation of parameters such as the detection function, thereby reducing an important component
of the CV. This general point was relevant to the discussions of the individual factors below.

2.4.1 Personnel

The steering committee had focussed on identifying sufficient, experienced and trained observers to undertake the
survey in the proposed Independent Observer (I0) mode allowing for sufficient rest periods. Several reviewers had
commented on the excellent team that had been put together. Highest priority had been given to individuals with
experience in vessel surveys specifically targeting vaquitas, followed by those with shipboard experience surveying
for harbor porpoises. The rationale behind this was twofold:

(1) having a ‘sighting or search image’ enabling the person to detect porpoises that are found in low numbers and
often as singles or small school sizes with short periods at the surface; and

(2) ability to reliably identify vaquitas — and especially to distinguish them from bottlenose dolphins, which are
encountered relatively frequently in the same waters.



It was noted that two of the best observers in the 2008 survey were Mexican and that they would be present again in
2015. There was agreement on the importance of building up Mexican expertise for vaquita surveys in the future.
This had been raised by some reviewers, and there was considerable discussion of how such build-up might best be
achieved. Some participants noted that attempts to train new observers during the 2008 vaquita cruise, when the
densities of vaquitas were almost certainly higher than is likely for the 2015 survey, had not been particularly
successful. In this regard, it was noted that training of observers for harbour porpoise surveys had proved most
successful when undertaken in higher-density areas. Others noted that the Mexican tuna-dolphin program has many
well-trained and experienced observers with experience in sighting and identifying small cetaceans, even though
turbidity, cues and school sizes were often quite different to what is experienced when surveying for vaquitas.

After careful consideration, there was agreement that this pool of observers was a valuable potential source of
observers for vaquita surveys and therefore that a concerted effort should be made to enable some of the Mexican
tuna-dolphin observers to participate in harbor porpoise surveys in Europe or the United States in order to gain
experience detecting porpoises, particularly in highly turbid conditions similar to those of the northern Gulf; whether
this is possible before the 2015 survey is unclear at this stage but it will certainly be valuable for the future. There
was also agreement that the 2015 survey itself was not an appropriate training opportunity given that the objective
was to obtain as precise an estimate as possible.

2.4.2 Equipment including vessel choice

The Terms of Reference (Annex A), indicated that the Ocean Starr, that had been used in the two previous surveys,
will be used for the visual component of the 2015 survey. It was also noted in the discussion that this could be the
last time that this vessel would be available.

Some reviewers had commented on the possibility of using alternative vessels for the 2015 survey, and in particular
the new INAPESCA ship (R/v BIPO), which was said to have several good features including a high bridge, ability
to sail in shallower waters than the Ocean Starr and much quieter engines. The last feature led to discussion of the
relatively noisy running of the Ocean Starr and the possibility that this could compromise the acoustic data during
the survey, especially in the ‘calibration’ area.

In discussion, it was noted that the noise from the Ocean Starr would not mask the vaquita’s sounds, given the large
mismatch between the peak frequencies of the vessel noise versus vaquita clicks. Indeed, the northern Gulf can be
an extremely noisy underwater environment even in the absence of ship noise because of intense biological activity,
but the acoustics team stated that they are well-equipped and accustomed to dealing with the implications of this.

This being said, it was agreed that the INAPESCA vessel was certainly a candidate for future surveys.

2.4.3 Independent observer and tracking

Two fully independent teams of observers are part of the basic survey design. The teams will be situated on separate
levels of the ship and wear headphones to help ensure their independence. Observer data will be captured by
continuous audio recording as a supplement to entry of the data into a computer. This will aid the process of
differentiating duplicate from non-duplicate sightings for post-survey analyses.

Participants agreed on the importance of the 10 approach and supported it fully as planned.

2.4.4 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments. In particular, and taking into account the importance of being able to pool data from previous surveys
when estimating parameters such as the detection function, it was agreed that:

(1) all observers should have prior experience in shipboard surveys for porpoises, with priority being given to
those that have participated in previous vaquita surveys (the proposed teams are acceptable);

(2) efforts should be made to find opportunities for additional Mexican observers (e.g. those experienced in the
tuna-dolphin programme) to participate in harbour porpoise surveys in the U.S. or Europe, particularly in
areas with similar conditions (e.g. turbid waters) to increase the pool of Mexican observers, especially for
future surveys;

(3) the already-chosen vessel for 2015, the Ocean Starr (that had successfully been used before for vaquita
surveys), is appropriate for the survey in terms of characteristics and equipment;

(4) for future vaquita surveys beyond 2015, when an alternative platform will probably be necessary, serious
consideration should be given to the new INAPESCA ship; and
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(5) the 10 component of the cruise was well thought out and appropriate.

2.5 Acoustic methods — personnel, equipment

The primary acoustic team for the 2015 survey, led by Jaramillo-Legorreta, involves people who have been part of
the acoustic monitoring programme for many years and so are greatly experienced. The primary monitoring tool (the
C-POD) was tested in 2008 and has been employed in the acoustic monitoring programme since 2011. Jaramillo-
Legorreta reported that the standard monitoring grid of C-PODs was already in place for the 2015 season, and that
the primary task for September will be for the grid to be extended into the shallow ‘acoustic area’ to the north and
west. He noted that the existing budget is adequate to cover all anticipated personnel and equipment costs; a total of
136 C-PODs will be deployed. It is planned to retrieve all C-PODs at monthly intervals to ensure that they are
functioning properly. In order to accomplish the expanded work in September, three additional acoustic field teams
will be hired (making six teams all told). Data are expected to be recovered monthly so that by the end of the survey
in December, the initial analyses of 50-70% of the data will be complete and the rest by sometime in January 2016.

There was some discussion about whether the steering committee had adequately considered the possibility of the
loss of C-PODS, as had occurred during the existing acoustic monitoring programme, and whether such losses
would compromise the acoustic component of the 2015 survey programme.

Jaramillo-Legorreta explained that the greatest loss prior to 2014 was of buoys marking the boundaries of the
Vaquita Refuge. Sensors deployed inside the Refuge with unmarked moorings were generally undisturbed. The
exceptional loss of detectors in 2014 was thought to have been due to an increase in illegal fishing in the Refuge.
There is reason to expect that with the increased surveillance and enforcement as a result of the gillnet ban, there
will be less risk of losing acoustic equipment. In fact, if (a) throughout the summer the periodic retrieval of
equipment already deployed confirms the expected decline in losses and (b) surveillance and enforcement remain
strong through the summer and into September, buoys may be used to mark sampling sites to facilitate retrieval and
checking functionality. It was acknowledged, however, that this issue of equipment loss (and damage) is a matter
that requires constant attention and monitoring.

2.5.1 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the revised plans were acceptable with respect to personnel and equipment. The importance of
regular checking of the acoustic equipment to make sure it is present and functioning as intended was emphasised.

2.6 Consideration of supplementary methods e.g. drones, land-based observers, small boats in shallow waters
Several reviewers had commented on the possibility of using different approaches and technologies to those
proposed by the steering committee whilst others had expressed their view that the present survey was not the
appropriate place to test new methods and equipment. The suggested supplementary methods were considered and
are discussed below.

2.6.1 Drones

Barlow noted that the use of aerial surveys for vaquitas had been evaluated several years ago when it had been
considered impractical because of the extreme turbidity of the northern Gulf. Under such conditions, vaquitas
(which spend only around 2% of their time at the surface) are visible at the surface for only about a second and are
not visible at all underwater. He stated that no practical method has been proposed to estimate the fraction of
animals missed in such conditions. He noted that no photographs of a vaquita (or other porpoise) have been taken
from a drone.

Fleischer acknowledged that the use of drones would require a new experimental design and evaluation of different
kinds of high-definition cameras and urged that their potential use in the future not be discouraged. He noted that
drones have a number of advantages over aircraft for surveys of marine life, e.g. slower speeds and capability of
remaining in one area; they have been used successfully for detecting sharks near public beaches; and the resolution
of images has been found to be adequate in certain contexts.

Participants agreed that given the priority of the survey (see Item 1.1), the use of drones should not be integrated
into the planning for 2015. However, it was also agreed that experimentation in other contexts (e.g. harbour porpoise
surveys) is worth pursuing such that the possibility can be re-evaluated in future years.



2.6.2 Land-based observers

It had been suggested that an observation platform could be constructed on Rocas Consag (see Fig. 1) to allow for
land-based observations of vaquitas. Rojas-Bracho noted that he and his team had investigated the possibility some
years ago but had found it to be impractical given safety concerns, high cost and uncertainty of obtaining sufficient
sightings. With respect to the priority of the 2015 survey, it was agreed that the area that could be effectively
searched would be far too small to contribute significantly to obtaining a precise estimate of abundance.

2.6.3 Small boats in shallow waters

Water conditions and the behaviour of vaquitas mean that they present an inconspicuous visual cue (see Item 2.6.1).
Previous experience with small-boat surveys of vaquitas has demonstrated the difficulty of detecting and counting
them and confirming identification from small boats, probably due to a combination of the relatively low platform
height (and thus narrow effective search width), the tendency of the animals to move away from approaching vessels
(avoidance), and low density. These factors are not conducive to the objective of obtaining a precise estimate in
2015.

For these reasons the steering committee had decided that acoustic monitoring was the most efficient and practical
way to survey shallow (<20m) waters.

2.6.4 Summary and conclusions
Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that:

(1) the objective of the 2015 survey meant that in general it was not appropriate for experimental work (and
see Item 2.4);

(2) the supplementary methods considered above, either singly or in combination, would not improve the
proposed plans for 2015;

(3) additional methodological and technological approaches should continue to be evaluated, including in the
broader context of vaquita research (i.e. not simply in terms of obtaining a precise abundance estimate).

2.7 Other
In response to an invitation by the Chair, no other issues were raised by participants.

3. ANALYTICAL APPROACHES

The Chair noted that, particularly given the time available, this section of the agenda was not intended to resolve all
analytical issues but rather to ensure that, in terms of potentially productive approaches, none would be precluded by
the chosen data collection methods and protocols. Many of the reviewers had made valuable contributions to the
discussions of analytical methods and these had been appreciated and taken into account to a large extent in the
steering committee’s responses (Annex E, Appendix E1)

3.1 Design-based and model-based

This matter was not discussed in detail during the Webinar although it had been discussed extensively in comments
on the proposal. All agreed that there were advantages and disadvantages in both approaches and that both should be
considered either individually or in combination in the final analyses and report from the surveys. Most importantly,
all agreed with the Chair’s summary that the data collection methods (see Item 2) did not preclude any potentially
useful post-survey analytical approaches.

3.2 Biases — availability, detection, responsive movement

3.2.1 Availability and detection bias

Participants agreed that both these types of bias would need to be considered in obtaining a robust and precise
abundance estimate. Present data collection methods will allow this to be achieved to the extent possible.

3.2.2 Responsive movement
Vaquitas are known to exhibit responsive movement (avoidance) at the approach of noisy vessels, including the
Ocean Starr. Again all participants agreed that it will therefore be necessary to account for this in the analysis.



3.2.3 Summary and conclusions

Participants concurred with the Chair’s summary that the above biases should and could be addressed in the analysis
given sufficient data and that the data collection methods were appropriate. Participants noted that the revised
proposal addressed these issues in an adequate manner and also encouraged further collaboration with Mexican and
international experts with respect to analytical techniques.

3.3 Acoustics — detection area and calibration

Jaramillo-Legorreta noted that a small-scale playback experiment is planned to determine the variability in acoustic
detection between shallow and deep areas, as such variability could bias the extrapolation of densities from one
acoustic sampling device to another. In terms of the objectives, the overall intention is to obtain acoustic detection
rates at the same time as visual detection rates in the overlap area such that appropriate correction factors can be
applied to the acoustic data obtained in shallow areas.

In discussion, reference was made to the recent Static Acoustic Monitoring of the Baltic Sea Harbour Porpoise
(SAMBAMH). Researchers had calibrated each monitoring site using an artificial playback device. Strong differences
in detection probabilities had been obtained for different parts of the Baltic, probably due to the exceptionally
stratified water column in that sea. Experience there and in other areas has demonstrated the value of including
playbacks at different depths and with different substrates.

Participants recognised that the situation in the much larger Baltic Sea was quite different to that in the portion of
the northern Gulf of California to be surveyed for vaquitas. However, it emphasised the importance of carrying out
appropriate calibration work under various conditions, especially depth, which might affect detection of vaquita
signals.

3.3.1 Summary and conclusions
Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the existing plans are satisfactory but also that:

(1) the steering committee should continue to work to refine the playback work based on additional input from
relevant experts; and

(2) factors to consider should include: the nature of the source (e.g. recorded clicks versus synthesised clicks, use of
a directional transducer) and what comprises a sufficient range of depths and habitat types.

3.4 Calibration of acoustic and visual data

The objective of this exercise is to obtain the data needed to develop appropriate correction factors that will allow
visual and acoustic data to be combined. This will include estimation of density of vaquitas from sightings and of
relative density of vaquitas from daily click rates. The ratio of these will be adjusted in light of the calibration work
undertaken described under Item 3.3. Considerable discussion of the approach to be used is contained in the
reviewers’ comments and the response of the steering committee.

3.4.1 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the existing plans are satisfactory but also that the steering committee should continue to consult
with outside experts (e.g. L. Thomas, D. Borchers) on the best ways to capture uncertainties associated with the
calibration results.

3.5 Accounting for uncertainty

All participants recognised the importance of capturing uncertainty in order to obtain a robust and precise estimate
of abundance of vaquitas from the survey. A considerable amount of effort had been expended by the steering
committee and reviewers on this topic.

3.5.1 Summary and conclusions

Participants concurred with the Chair’s summary that the steering committee had carefully considered the reviewers’
comments and that the existing plans, including data collection, are satisfactory. It was stressed that extensive
collaboration has taken place among institutions and experts and that this pattern should be maintained through all
phases of post-survey analysis and publication of results.


http://www.sambah.org/

3.6 Other

Partly in response to some of the reviewers’ comments with respect to data being available for alternative analyses,
the Webinar considered issues related to data availability, reporting of results and ultimate peer-reviewed
publication of the abundance estimate. Initial plans for post-survey analysis and presentation of results are specified
in the “Research Design to estimate vaquita abundance. With addendum to optimize design given new results on
2013-2014 rate of decline” document (Annex E, Appendix E2).

Participants were informed that the steering committee intends to follow a standard process of scientific peer review
and publication, and that in addition, following Mexican policy, data collected at government expense will be made
publicly available.

There was considerable discussion of the value of collaboration at all stages of the analytical process and the
openness of the steering committee in requesting outside reviews up to the present stage of the project was
acknowledged. The pattern, as for previous surveys, was intended to be collaborative in principle and in practice. In
addition to the data becoming available, results will be presented for critical review at various fora including the
IWC Scientific Committee and CIRVA.

Taylor drew attention to the model provided by the panel of independent international experts used to conduct the
analysis of vaquita acoustic monitoring data (see appendix to CIRVA-5 report). Experts from related disciplines met
at a workshop at which the data were available, to reach a common understanding of how the data were collected,
potential biases etc. and to exchange ideas on approaches to analyse the data and interpret the results.

3.6.1 Summary and conclusions
Participants concurred with the Chair’s summary that:

(1) it is important to continue the process of openness and collaboration with respect to data availability,
analyses and presentation of results;

(2) the approach outlined by the steering committee, including the need to present initial results in a timely
manner, is appropriate; and

(3) the expert panel and workshop approach outlined above should be followed to develop an authoritative
final analysis for submission to appropriate fora and ultimately for a peer-reviewed scientific publication.

4. OTHER SCIENTIFIC MATTERS

Following from the above discussions, especially Item 2, the Chair stressed the importance of starting to plan as
soon as possible for future vaquita surveys (beyond 2015). Those plans should take into account any lessons learned
from the 2015 survey (including the ability to detect trends) as well as being able to evaluate the effectiveness of
existing and future protection and mitigation measures.

5. CONCLUSIONS AND RECOMMENDATIONS

The Chair referred to the inclusive nature of the discussions during the Webinar and the constructive approach of all
participants to follow the Terms of Reference (Annex A) in trying to ensure that the 2015 survey and subsequent
analyses result in the best possible estimate of vaquita abundance.

Whilst each section in the above report includes a summary and conclusions, the following summarises some of the
key conclusions and recommendations:

(1) the open approach by the steering committee and the generous allocation of time by reviewers and Webinar
participants has resulted in an excellent proposal for the 2015 survey, recognising the Terms of Reference
provided — this approach should be extended to the analytical phase;

(2) specific recommendations for additional considerations in experimental design and implementation through
collaboration with outside experts have been made in this report, including those related to final tracklines
and playback experiments;

(3) it is essential to begin to consider aspects of any future surveys, including the possible use of the new
INAPESCA vessel and investigation of ways to expand the pool of trained Mexican observers (e.g. by
enabling participation in harbour porpoise surveys in the USA and Europe);

(4) the model of holding an expert workshop at which data are available and alternative analyses can be
undertaken is recommended.
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ANNEX A

L ELT
TR

SEMARNAT| 88 octomsn i o

TERMS OF REFERENCE FOR THE VAQUITA SURVEY-2015 WEBINAR

Wednesday 17 June, 2015
8:30 am, Pacific Daylight Tima (GMT minus 7 hours)

The Department of the Environment (SEMARNAT] & funding a new vagquita abundance survey in the second
haif of 2015. The design includ es both a traditional lne-transect ship-based survey and use of passive aCoustics
{CPODs) to detect vaquitas in shallow waters that are inaccessible to the ship. Given the dramatic decline in
vaquita numbers, which is expected to greatly reduce the frequency of sightings compared o previous surveys,
the visual survey component will concentrate effort in areas of known (or expected) relatnely high density.

SEMARNAT has concluded that the approach proposed (and as recommended by several experis), using the
same vessel as was used in 19597 and 2008 and covering the shallow-water area with a grid of passive acoustic
monitoring devices, will provide the most precise abundance estimate possible given the anticipated low
number of encounters.

The webmar should focus on the proposal from the survey steering committee and cover the following topics:

({1} Abundance estimation for deep waters |oore area)
{2} Abundance estimation for shallow waters Uusng passive acoustic methods
(3) Calibration of acoustic and visual data.

All participants are expected to be familiar with the materials drculated by Annette Henry on 11 June 2015,
These incude the original proposal, comments from mternational and Mexican reviewers and the response to
those comments by the proposers.

It is the |ast document, called "Response to reviewers™ that will form the primary basis for the diecussion.
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ANNEX B
WEBINAR DOCUMENTS

Primary Documents (Annex E, Appendices E1 & E?2)

Vaquita 2015 Survey Steering Committee. 2015. Responses to reviewers’ comments on “Research design to estimate vaquita
abundance™. 11th June. 5p (Appendix E1)

Vaquita 2015 Survey Steering Committee. 2015. Research design to estimate vaquita abundance. With Addendum to optimize
design given new results on 2013-2014 rate of decline. 15th May. 29p (Appendix E2)

Reviews (Annex E, Appendices E3-E11)

Borchers, D., Hammond, P. and Thomas, L. 2015. Review of Research Design to Estimate Vaquita Abundance. University of St
Andrews, St Andrews, UK. 14th May. 5p (Appendix E3)

Borchers, D. email on Jun 17, 2015 at 8:39 AM (Appendix E4)

Cisneros, M.A. 2015. Comments on Research Design to Estimate Vaquita Abundance. Instituto Nacional de la Pesca
(INAPESCA). 14th May. 3p (Appendix E5)

Del Monte, P. 2015. Review Observation to the Manuscript "Research design to estimate vaquita abundance”. Instituto
Politécnico Nacional — CICIMAR, La Paz, BCS. 11th June. 5p (Appendix E6)

Dawson, S. and Slooten, E. 2015. Review of "Research design to estimate vaquita abundance”. Marine Science. University of
Otago. 15th May. 1p (Appendix E7)

Fleischer, L. 2015. Comments on Research Design to Estimate VVaquita Abundance. Comision Nacional de Acuacultura y Pesca
(CONAPESCA). 14th May. 2p (Appendix E8)

Pérez-Cortés Moreno, H. 2015. Comments to the proposed research to estimate visual and acoustic abundance of the vaquita.
Sub-delegacion de la SEMARNAT, La Paz, BCS. 14th May. 1p (Appendix E9)

Thomas, L. 2015. Letter to the Vaquita Survey Design Steering Committee. Comments on the document "Response to
reviewers’comments on research design to estimate vaquita abundance”. University of St Andrews. 17th June. 3p (Appendix
E10)

Ulloa, P. 2015. Comments on Research Design to Estimate Vaquita Abundance. Instituto Nacional de la Pesca (INAPESCA).
14th May. 2p (Appendix E11)

Published Documents
Gerrodette, T., Taylor, B.L., Swift, R., Rankin, Sh., Jaramillo-Legorreta, M.A. and L, Rojas-Bracho. 2011. A combined visual

and acoustic estimate of 2008 abundance, and change in abundance since 1997, for the vaquita, Phocoena sinus. Marine
Mammal Science 27(2):E79-E100

Jaramillo-Legorreta, M.A., Rojas-Bracho, L. and T. Gerrodette. 1999. A new abundance estimate for vaquitas: first step for
recovery. Marine Mammal Science 15(4):957-973

Unpublished Background Document

Report on Vaquita Rate of Change Between 2011 and 2013 Using Passive Acoustic Date by the expert Panel on Spatial Models. CIRVA-V:
Annex 9. June 24-26, 2014. Meeting held at Southwest Fisheries Science Center, La Jolla, CA, USA. 50p.

Auvailable at:
https://archive.iwc.int/pages/view.php?ref=5461&search=%21collection207&order_by=relevance&sort=DESC&offset=0&archive=0&k=&curp
0s=24
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ANNEX C
AGENDA

1. INTRODUCTORY ITEMS
1.1 Chair’s opening remarks
1.2 Appointment of rapporteur
1.3 Adoption of agenda

1.4 Process for development of report

2. PRACTICAL SURVEY ISSUES

2.1 Survey areas and timing

2.2 Trackline design for visual survey

2.3 Placement and number of acoustic sampling sites

2.4 Visual methods — personnel, equipment incl. vessel choice, independent observer and tracking

2.5 Acoustic methods — personnel, equipment

2.6 Consideration of supplementary methods e.g. drones, land-based observers, small boats in shallow water
2.7 Other

3. ANALYTICAL APPROACHES

3.1 Design-based and model-based

3.2 Biases — availability, detection, responsive movement
3.3 Acoustic — detection area and calibration

3.4 Calibration of acoustic and visual data

3.5 Accounting for uncertainty

3.6 Other

4. OTHER SCIENTIFIC MATTERS, IF ANY

5. CONCLUSIONS AND RECOMMENDATIONS
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LIST OF PARTICIPANTS

Name Institution Comments
Ballance, Lisa SWFSC
Barlow, Jay SWFSC

Borchers, David

Cardenas Hinojosa, Gustavo
Cisneros Mata, Miguel Angel
Dawson, Stephen

Del Monte, Pablo

Donovan, Greg

Fleischer, Luis

Gerrodette, Tim

Hammond, Phillip

Henry, Annette

Jaramillo Legorreta, Armando
Nieto Garcia, Edwyna
Pérez-Cortés Moreno Héctor
Reeves, Randall

Rojas Bracho, Lorenzo
Slooten, Liz

Taylor, Barbara

Thomas, Len

Ulloa Ramirez, Pedro

Werner, Cisco

University of St Andrews
INECC

INAPESCA

University of Otago
CICIMAR

IWC

CONAPESCA

SWFSC

University of St Andrews
SWESC

INECC

INECC

SEMARNAT

IUCN SSC

INECC

University of Otago
SWFSC

University of St Andrews
INAPESCA

SWFSC

Sent an email with comments

Sent an email with comments

Sent an email with comments
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Inside refuge the density of sampling stations is about 36 sites per 1000 Km2. Given
the absence of previous acoustic data in shallow waters, it is recommended to
maintain at least the same density of acoustic sampling sites in this area as inside
vaquita refuge. The last has an area of 1262.84 Km?2. For the 1903.61 Km?2 of the
shallow area it is required to deploy 68 acoustic detectors (red and blue dots in
figure above). With the 45 sites inside refuge, we could be sampling in 113 sites per
day, which can result in about 7000 to 10000 days of data depending on the
duration of the survey. It must be noted that as contrary to the 2008 abundance
estimate, based on a sailboat to obtain acoustic data, the acoustic methods in this
proposal will generate data continuously all along shallow area and calibration area
all time.

To accomplish this goal it will be required to assure that all acoustic detectors
(C-PODs) are operational and with memory available all time. To meet this
requirement it is planned to interchange equipment during the survey at least two
times. It will allow downloading data, change memory cards and replace batteries. It
also will allow having raw data to analyze as survey advance, instead to wait until
the end of the whole survey.

Retrieve the acoustic equipment is not a trivial task. Under the methods used inside
vaquita refuge it is needed to move a panga to the sites and locate the mooring using
a hook trawled behind the boat, as there are no sign of the moorings in surface in
order to avoid theft or vandalism. Three methods can be used to retrieve equipment
depending on the expectations of fishing activities in the area during the survey:

a) Ifitcan be assured that no fishing will occur, every mooring can be marked in
surface with a buoy, which would allow a very fast retrieval of equipment,
reducing greatly funds needed to construct more complicated moorings,
personnel and fuel.

b) Ifitis anticipated that fishing could occur, moorings could be deployed using
longlines as in the fishing techniques. A boat like Unicap 16, equipped with a
stern winch could be used to deploy and retrieve the lines. It could reduce
retrieval times, as it will be needed to locate only one extreme of the longline
per time.

c) Ifaboat with a reliable winch is not allocated, the traditional method of
individual moorings would be applied, which would require the hiring of
several field teams, every one composed out of a panga and three operators.
Given past experience, it will be required to have at least 8 teams to assure
effective deployment-retrieval operations, but 10 would be better.

Data analysis would occur as data become available after retrieval periods. It is
planned to assemble a group of four analysts, composed of two experienced ones of
the Mexican team working for the monitoring scheme inside refuge, and other two
coming from SAMBAH program (monitoring of harbor porpoises in Baltic Sea,
http://www.sambah.org/). As many days of data will be generated in a short time
period, analyst will be focused into review a subset of data that can be compared in
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Appendix 6: Number of sea days needed (see Addendum for changes made antipating
fewer than 100 vaquitas remaining)

In order to estimate abundance based on line-transect data reliably, a minimum of 60-80
sightings is recommended (Buckland et al, 1993). The number of days of ship survey
effort required to obtain 60 vaquita sightings in 2015 cannot be predicted exactly, but it
can be estimated probabilistically. We use data from the 2008 vaquita visual survey to
estimate the number of vaquita sightings that will occur in 2015, if the same methods are
used. This exercise calculates recommended sea days for both the Ocean Starr and
another comparable ship that has not been used previously for a vaquita survey and
would require more sightings to make a reliable estimate. The research design for the
main proposal assumes use of the Ocean Starr because it is the only ship where a reliable
estimate can be obtained even if few vaquita are sighted because numbers have declined
further.

We know from past experience that vaquitas can be detected effectively only in calm
wind conditions of Beaufort sea states 0-2. We also know that vaquita sightings do not
occur evenly, but tend to be highly clustered. Figure 1 shows the daily survey distance
on effort and number of sightings during the 1997 and 2008 studies to estimate vaquita
abundance. In both years there were many days during which no effective survey effort
was possible because of wind (Beaufort>2). On days when effective survey effort was
possible, often no vaquitas were seen. The clustered pattern of vaquita sightings was
particularly evident in 1997, when 81% of the sightings occurred during the last 5 days of
the survey, and 53% of the sightings occurred on a single day.

Another consideration is that the number of vaquitas in 2015 is likely to be substantially
less than in 2008. The best estimate of 2008 vaquita abundance, using all available data
in a population model, is 214 vaquitas (Gerrodette and Rojas-Bracho, 2011). The best
current (2014) estimate of vaquita abundance, using the 2011-2013 acoustic data, is 94
animals (CIRVA, 2014). This means that the number of vaquita sightings per day for a
survey in 2015 is likely to be lower than in 2008.

To estimate the number of sightings that could be expected during a survey in 2015, the
2008 data were sampled with replacement by day for various numbers of sea days. The
sighting rate was reduced by the ratio 94/214 to account for the estimated decline in
vaquita abundance since 2008. It was assumed that wind conditions, vaquita group size,
and vaquita spatial distribution in 2015 would be similar to 2008. It was also assumed
that the same data-collection methods (ship speed 6 knots, 3 observers with 25X
binoculars and one recorder at an observation height of 10m) used on previous vaquita
line-transect surveys would be followed.

The results indicate that 85 days in the study area will be required to achieve 60 sightings
with 95% probability (dotted line in Figure 2). This means 85 working days in the study
area, excluding days in transit and days in port. Similarly, 64 days in the study area will
be required to achieve 40 sightings with 95% probability (dashed line in Figure 2).
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If the 2015 vaquita cruise uses a vessel that has not been used for previous vaquita
surveys, such as BIPO INAPESCA or Ocean Rover, a target of at least 60 sightings is
recommended, which will require 85 days of ship time in the study area. On the other
hand, if the 2015 vaquita cruise uses the Ocean Starr, the vessel used for vaquita surveys
in 1997 and 2008, a target of 40 sightings and 64 sea days would be sufficient. Because
the Ocean Starr was used for previous studies, some key parameters are already known,
and fewer sightings and fewer sea days are necessary. In addition, BIPO INAPESCA and
Ocean Rover are both larger than the Ocean Starr, and the draft is greater. In 2008, the
Ocean Starr was able to carry out transects in 59% of the vaquita range (Gerrodette et al,
2011). The rest of the vaquita range was too shallow, and acoustic sampling from a
catamaran was used. If a larger ship is used in 2015, it will be able to cover less than
59% of the vaquita’s range. This means that the 2015 vaquita abundance estimate is
likely to have greater uncertainty if a larger ship is used.

Buckland, S. T., D. R. Anderson, K. P. Burnham, and J. L. Laake. 1993. Distance
Sampling: Estimating Abundance of Biological Populations. Chapman & Hall,
London.

CIRVA. 2014. Report of the Fifth Meeting of the ‘Comité Internacional para la
Recuperacion de la Vaquita’. Ensenada, B.C., México. July 8-10, 2014. 43 pp.

Gerrodette, T., B. L. Taylor, R. Swift, S. Rankin, A. Jaramillo L, and L. Rojas-Bracho.
2011. A combined visual and acoustic estimate of 2008 abundance, and change in
abundance since 1997, for the vaquita, Phocoena sinus. Marine Mammal Science
27:E79-E100.

Gerrodette, T. and L. Rojas-Bracho. 2011. Estimating the success of protected areas for
the vaquita, Phocoena sinus. Marine Mammal Science 27:E101-E125.
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Figure 1. Distance on transect effort in conditions of Beaufort < 2 (gray bars) and

number of vaquita sightings (circles) on each day during cruises in 1997 and 2008. An

asterisk (*) indicates days when the ship was in the study area, but Beaufort sea state was

> 2 for the entire day and no survey effort was possible. In both years the gap in the

middle represents time the ship was in port.
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Figure 2. Number of sea days and number of vaquita sightings expected in 2015, using
the same methods as surveys in 1997 and 2008. The figure shows the number of vaquita
sightings (or more) that is expected with 95% probability for a given number of sea days
in the study area. The dotted line shows that 85 days will be required to achieve 60
vaquita sightings with 95% probability. The dashed line shows that 64 days will be
required to achieve 40 vaquita sightings with 95% probability.
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Appendix 7. Personnel description

With so few vaquita remaining, there will be no opportunity to train observers to be
able to identify vaquitas versus other dolphins present in the area. Also, because
vaquitas are so hard to see, it is imperative that the very best available observers be
used to increase the number of sightings. Similarly, an experienced crew is critical
for deployment and retrieval of CPODs and rapid and accurate analysis of the
acoustic data. Both teams are listed below with a brief account of their
qualifications.

Visual Team (only 12 visual observers needed at one time, but we expect some will
be available for only half of the cruise)

Lorenzo Rojas (Mexico) co-cruise leader 1997, 2008

Barb Taylor (USA) observer 1997, co-cruise leader 2008

Tim Gerrodette (USA) co-cruise leader 1997, analyst 1997, 2008

Ernesto Vazquez (Mexico) vaquita observer 1997, 2008

Juan Carlos Salinas (Mexico) vaquita observer 1997, professional observer on many
cruises with harbor porpoise

Jay Barlow (USA) vaquita observer 1997, 2008

Robert Pitman (USA) vaquita observer 1997, 2008

Dawn Breese (USA) vaquita observer 1997, 2008

Karin Forney (USA) vaquita observer 1997, professional observer on many cruises
with harbor porpoise

Sarah Mesnick (USA) vaquita observer 2008

Paula Olson(USA) vaquita observer 2008, professional observer on many cruises
with harbor porpoise

Lisa Ballance (USA) professional observer on many cruises with harbor porpoise
Suzanne Yin (USA) professional observer on many cruises with harbor porpoise,
expert data recorder

Jeff Moore (USA) professional observer on many cruises with harbor porpoise,
expert panel on acoustic analysis

Anna Hall (Canada) vaquita observer 2008, professional observer on many cruises
with harbor porpoise

Chris Hall (Canada) vaquita observer 2008, professional observer on many cruises
with harbor porpoise

Per Berggren (Sweden) professional observer on many cruises with harbor
porpoise

Susie Calderan (UK) professional observer on many cruises with harbor porpoise
Russell Leaper (UK) professional observer on many cruises with harbor porpoise
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Acoustic Team

Armando Jaramillo-Legorreta (Mexico) acoustic lead for vaquitas 1997-2015
Edwyna Nieto-Garcia (México) field researcher and acoustic analyst 2006-2015
Gustavo Cardenas-Hinojosa (México) field researcher and acoustic analyst 2010-
2015.

Francisco Valverde-Esparza (México) field operations manager

Alan Valverde-Esparza (México) field operations

Javier Valverde-Marquez (México) field operations

Rafael Sanchez-Gastelum (México) field operations

Alejandro Sanchez-Gastelum (México) field operations

Ramén Arozamena-Osuna (México) field operations

Juan Osuna-Romo (México) moorings assembly
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Appendix 8: Budget

The budget presented here is an approximate estimate based on preliminary data on ship costs,
which would need to be negotiated with the company. The costs here are for ships from Stabbart
Maritime and were given in USD and converted using 1USD/15.44MXN (conversion on Apr 22,
2015).

Payment Subtotal
Description Date Amount (MXN) (MXN)
C-PODs, Moorings, and Batteries 01-May-15 $3,137,640
Deposit for vessel 01-May-15 $2,871,840
Storage and Pick-up truck 01-May-15 $524,960
$6,534,440
Contracted observers, travel funds, per diems 01-Jun-15 $4,647,440
Deployment of moorings with C-PODs at 113 sites;
fuel, meals and salaries 01-Jun-15 $105,224
Field coordination, salary, per diem, fuel 01-Jun-15 $62,300
54,814,964
Acoustic data analysis 01-Jul-15 $968,860
$968,860
C-POD retrieval, fuel, meals, and salaries 01-Aug-15 $486,978
$486,978
Supplies/Equipment/Shipping Expenses 15-Aug-15 $216,160
Vessel insurance 15-Aug-15 $386,000
$602,160
Line-transect communications 01-Sep-15 $30,880
Acoustic communications 01-Sep-15 $30,880
Deployment of moorings with C-PODs at 113 sites;
fuel, meals and salaries 01-Sep-15 $105,224
In house observers 01-Sep-15 S404,914
Modifications to shop to meet survey protocols 01-Sep-15 $46,320
Travel to/from ship (government vehicles) 01-Sep-15 $30,880
$649,098
Field coordination, salary, per diem, fuel 15-Sep-15 $62,300
$62,300
1/2 payment for vessel 01-Oct-15 $11,966,000
Ship/equipment contingency expenses 01-Oct-15 $200,720
Supplies/Equipment/Shipping Expenses 01-Oct-15 $77,200
$12,243,920
C-POD retrieval, fuel, meals, and salaries 15-Oct-15 $487,055
Final payment for vessel 01-Nov-15 $15,449,665
Total $42,299,439
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Addendum
Revised Vaquita Visual Survey Design

Appendix 6 assumed that there were 100 vaquitas. Results from the acoustic monitoring
effort analyzing data through 2014 indicated that there was a large decline in the past
year. Consequently, the steering committee decided that a stratified design should be
used to obtain better precision given the expected number of vaquita.

We propose using a stratified systematic survey design to achieve the multiple goals of
broad areal coverage, compatibility with previous surveys, and precise abundance
estimation. The survey will be conducted as two 32-day legs with a refueling and re-
provisioning stop in Guaymas between them. For the visual survey, three strata include
the historical survey area, the outlying area, and the core area (see the acoustic survey
section for additional stratification). Broad areal coverage will be concentrated in the
first leg of survey effort and will include two strata: a historical survey stratum (surveyed
in 1997 and 2008) will be covered by 9 north-south transect lines (gray lines, Figure 1)
and an outlying stratum (red lines, Fig 1) will be covered by coarse zig-zag of transect
lines within the remainder of vaquita habitat in the new gillnet exclusion zone. The
outlying stratum will exclude waters deeper than 100m which are not suitable habitat for
vaquita. Because vaquita abundance has declined since the last survey in 2008, precise
abundance estimation for the remaining population will require a greater concentration
of survey effort in the core vaquita habitat than on previous surveys. The third stratum
will consist of this vaquita core habitat (green polygon, Figure 1) and will primarily be
surveyed on the second leg. Survey effort in the core habitat will consist of a high density
of north-south transect lines that complement the 9 survey lines that were covered
during Leg 1. The boundary of the core stratum in Fig. 1 was determined a priori based
on previous fall surveys and will be re-evaluated by the survey design group after the
first leg determine if the vaquita distribution has changed appreciably. The a priori core
area is 8% of the total ban area and 34% of the historical survey area, but contains 96%
of vaquita sightings during the 2008 survey. We anticipate that saturation sampling
(>100% of surface area surveyed) of the core area can be achieved with a high density of
survey effort during the 32 survey days of Leg 2.
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Figure 1. Visual survey transect lines as described above. The southern and eastern

boundaries shown by black lines correspond to the boundaries of the 2-year gillnet ban.

Although the latitude and longitude roughly correspond to the historical southern and
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eastern extent of vaquita distribution, the boundaries of the ban area were made straight
to facilitate enforcement. However, vaquitas have not been sighted in waters deeper than
100m and therefore these waters are not surveyed (the southeastern portion of the ban
area). Start and end locations for zig-zag outlying transects will be randomly chosen and
avoid waters deeper than 100 m and should be considered approximate in this diagram.

Revised Vaquita Acoustic Survey Design

Map of the Upper Gulf of California showing the acoustic sampling grid for 2015 Vaquita
Survey. Open circles are sites where acoustic and visual data will be gathered in order to
calibrate acoustic information to estimate population density. Closed circles represent
sampling sites in shallow areas (west and north of calibration area) and southern portion
of vaquita distribution, where acoustic data will be used to estimate abundance in
absence or scarce visual data. Polygon with broken line delimits the Vaquita Protection
Refuge, where acoustic data has been gathered since 2011. In the southern portion of this
area an increased number of sampling sites will be used to increase precision, as is the
zone where vaquita acoustic activity is highest. The whole sampling grid has 130 CPOD
sites.
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