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EXECUTIVE SUMMARY

The Southern California Coastal Pelagic Species Survey (SCCPSS) is a joint aerial survey between the
California Department of Fish and Wildlife (CDFW) and the California Wetfish Producers Association
(CWPA) that provides data on nearshore abundance of Pacific sardine (Sardinops sagax) and northern
anchovy (Engraulis mordax). Information used for management of these commercially valuable stocks is
largely provided by research methods that do not adequately sample nearshore areas where significant
biomass has been observed. The SCCPSS conducts daytime visual surveys biannually over waters of the
Southern California Bight (SCB) in coastal areas of the mainland and the islands.

The SCCPSS proposes two projects that can inform sardine and anchovy stock assessments. Survey data
collected since 2012 are applied to Project 1, a nearshore index of relative abundance based on density,
defined as observed tons per area surveyed. Initiated in September 2016, Project 2 provides an inshore
correction factor for the acoustic-trawl method (ATM) survey to account for nearshore areas not
surveyed by ships due to operational constraints. In addition, boat sampling is conducted simultaneously
with aerial observers to validate species identifications and obtain biological data from collected
samples.

Survey results show decreases in observed biomass and density for both sardine and anchovy between
2012-2013 and 2015, with some signs of increase for both in 2016. Data collected to date for Project 2
have not been sufficient to calculate an inshore correction factor, as fish of the same species were not
observed in both offshore and inshore areas. Boat sampling has shown strong survey observer accuracy
in species identification, and has produced limited biological information.

Project 1 data from the SCCPSS can be used as an index of relative abundance, or as an estimate of
nearshore minimum absolute abundance to be combined with ATM estimates. If sufficient data across
area and replication are collected for Project 2, the results can be used to determine nearshore biomass
and, combined with ATM estimates, produce a minimum estimate of abundance for the SCB area.
Biological sampling can be enhanced and timed with aircraft and ship surveys to complement indices of
abundance. Boat sampling efforts will continue with attempts to expand the range of operations and to
improve sampling efficiency with trawl nets, which will help inform selectivity for integrated stock
assessment models.



Results from this survey are subject to several assumptions associated with the methods employed. Fish
that are detectable from this method are assumed to be representative of the stock. Further studies can
provide information on depth distribution and behavioral characteristics such as vertical and latitudinal
movements, as well as environmental conditions affecting these patterns. Weather significantly impacts
survey operations with unknown effects on the timing and location of transects. Use of habitat models
to apportion results to the correct subpopulation of sardine is also an important consideration.

[Note: Project 2 was evaluated and not recommended by the review panel as a viable method for
calculating nearshore abundance. For the purposes of this report, it will be described as it was
presented at the review meeting.]

INTRODUCTION

The current stock assessment methods for coastal pelagic species (CPS) managed by the Pacific Fishery
Management Council (PFMC) do not account for the abundance of the portion of the stock in the
nearshore due to constraints on the ability of research vessels to access these shallow waters. Anecdotal
information provided by industry and past research (MacCall 1990) indicate that a substantial portion of
juvenile abundance and non-negligible portions of adult biomass reside in these waters, resulting in
biased low estimates of abundance and potential under-projection of future abundance. The CDFW and
CWPA have been jointly conducting a pilot aerial survey intended to provide data required to account
for the biomass of CPS shoreward of the existing ATM survey transects conducted by the National
Marine Fisheries Service (NMFS), Southwest Fisheries Science Center (SWFSC). Herein we provide
background information for context, the methods employed in the aerial survey and results of the pilot
study for consideration by the PFMC and Science and Statistical Committee (SSC) in this methodology
review. These methods were applied to investigating abundance of two commercially important species
off the U.S. Pacific Coast, the northern subpopulation of Pacific sardine (sardine) and the central
subpopulation of northern anchovy (anchovy).

Once the largest fishery in North America, the sardine stock collapsed beginning in the late 1940s
(Murphy 1966), but rebounded to rank among the top fisheries in California since the early 1990s (CDFG
2001). Two seasonally migrating subpopulations inhabit the waters of the California Current: a northern
subpopulation ranges from Punta Eugenia, Mexico to southern Alaska, and a southern subpopulation is
distributed from southern Baja California, Mexico to Point Conception, California (Félix-Uraga et al.
2004, 2005; Smith 2005). Sardine stock assessments are conducted annually, the results of which form
the basis for management measures for the following fishing season in U.S. waters off Washington,
Oregon, and California.

Northern anchovy ranges from Punta Baja, Mexico to San Francisco, California (PFMC 2016a), and has
also been a major fishery in California, with historical peak landings dating from the late 1960s to the
early 1980s (CDFG 2001). Anchovy reside in nearshore waters under both low and high population levles
(MacCall 1990). The last stock assessment completed for the central subpopulation was two decades
ago (Jacobson et al. 1995). Anchovy landings have recently increased since 2013 (CDFW 2015), due to
the decline of sardine and the availability of other CPS fisheries. The lack of recent assessment



information combined with increased landings has resulted in renewed interest in anchovy research and
management.

The sardine and anchovy fisheries have been federally managed since 2000 by the PFMC under the
Coastal Pelagic Species Fishery Management Plan (PFMC 2016a). The sardine stock assessment develops
a population model that incorporates various data sources, such as age, other biological information,
and multiple research surveys. Surveys have included: daily/total egg production (DEPM/TEP) surveys
conducted in the Spring by the SWFSC -NMFS in offshore waters within and around the SCB and off the
central coast of California (Lasker 1985, Lo et al. 2011); SWFSC coastwide ATM surveys (Zwolinski et al.
2016); and an aerial survey in the Pacific Northwest conducted from 2009 -2012 by the northwest
sardine fishing industry (NWSS, Jagielo et al. 2012). The sardine stock assessment has previously used
aerial survey results from a spotter pilot logbook survey, which was flown from 1985-2005 and covered
the area from central California to Baja California, Mexico; however, this survey was removed from the
assessment in 2007 (Lo et al. 1992, Hill et al. 2007).

Recent fishery-independent data inputs for CPS assessments, including the seasonal DEP/TEP and ATM
surveys, are focused only on offshore waters (>approximately two nautical miles [nm] from shore).
Survey information from nearshore waters (<approximately two nm from shore) in existing CPS surveys
is lacking — yet these areas are known habitat for CPS. As there has been ongoing PFMC interest in a
current assessment of the abundance of the central subpopulation of northern anchovy, nearshore
survey information may serve as a valuable data stream. It has been recognized that additional sampling
efforts are needed to supplement current surveys to provide more data on the abundance of both
species in nearshore waters (PFMC 2016b).

In 2012, the CDFW and CWPA began collaborating on the SCCPSS aerial survey project which includes
nearshore areas, adapting recent aerial survey methods for use over Southern California waters (Jagielo
et al. 2012). Since its inception and through the Summer 2016 field season, we have conducted daytime
nearshore surveys off the SCB mainland and Channel Islands coastlines, from Point Conception to the
U.S. — Mexico border (Figure 1). Past studies have shown professional fish spotters to be extremely
accurate in tonnage estimates (Williams 1981, Squire 1993) and in their expertise in species
identification (Taylor 2015). This has been corroborated by spotter pilot data used in this study
compared with both landed tonnage and boat sampling. Squire (1993) found slightly more correlation
between aerial index and anchovy biomass estimates than with acoustic survey estimates, and noted
that given the nature of pelagic fish populations, the use of several approaches is important to reaching
“...consensus for management action.”

An informal review and workshop of the SCCPSS was held at the SWFSC in La Jolla, CA on April 23, 2014.
At that time,the survey was primarily focused on collecting data for sardine assessments. Attendees
included members of the SSC, CSP stock assessment team, and SWFSC staff familiar with CPS research
and other survey methods. Some of the recommendations from this meeting included: a focus on Spring
surveys to capture recruitment of northern sardine stock, and on coastal areas, given that open water
areas were problematic (detectability of fish at depth, expansion of data to estimates). Other
suggestions that have subsequently been implemented include: (1) adding layers (bands) from the coast



to survey more nearshore area; (2) evaluation of transect widths (they seemed too wide); and (3)
addressing species selectivity when using sabiki rigs for boat sampling.
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Figure 1. Survey design for Project 1 consisting of mainland and island coastal transects for nearshore areas within 2 nm
(orange lines).

Sampling nearshore waters is important for four principal reasons: (1) in contrast to sardine
aggregations typically observed in offshore, or open, waters of Washington and Oregon, sardine in
California waters are more often seen in aggregations along the coast where a significant portion of the
commercial CPS fishery in Southern California occurs (Diane Pleschner-Steele, CWPA, personal
communication); (2) the population center and recruitment of sardine is usually concentrated off
California, although in recent warm water years spawning has shifted northward (Hill et al. 2016); (3)
similar to sardine, young anchovy congregate in nearshore waters, suggesting that nearshore areas may
provide important information on recent recruitment, and (4) no other survey that is used in a CPS stock
assessment adequately covers the coastal nearshore area within the two nautical mile range from shore.
By covering nearshore areas, this survey can supply otherwise unavailable information about nearshore
sardine and anchovy abundance critical for accurate stock assessments.

The survey provides data on both species to develop a nearshore index of relative abundance and
minimum estimates of absolute abundance (Project 1), and to calculate an inshore correction factor for
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SCB ATM biomass estimates (Project 2). The SCCPSS work since 2012 has contributed to Project 1. The
Project 1 goal of a nearshore index of relative abundance in Southern California waters based on an
aerial survey provides information to corroborate and complement the estimates of sardine and
anchovy biomass generated from other surveys conducted offshore. SCCPSS work towards Project 2
began in September 2016 during the fall ATM survey in SCB waters, and results supplement survey data
from offshore ATM surveys. Project 2 addressed recommendations from the May 2016 CPS data-limited
stock assessment workshop to: (1) use aerial surveys to estimate abundance and/or calculate inshore
correction factors applicable to anchovy, and (2) collaborate between aerial and ATM surveys to
estimate inshore correction factors (PFMC 2016b). Both projects should improve total stock biomass
estimates for use in management of these species.

Nearshore CPS sampling from small boats is also an important part of the SCCPSS. Boat-based sampling
in SCCPSS aerial survey areas has been conducted during the aerial survey flights each season, with
sampling effort based on availability of staff and sampling vessels. Boat sampling methods have sought
to validate aerial species identification and collect data on size and age composition of CPS observed, as
well as environmental conditions including sea-surface temperature (SST), salinity, and temperature at
depth.

METHODS

Project 1: Provide a nearshore index of relative abundance for sardine and anchovy within the SCB
survey area.

Field Methods

The survey area covers coastal waters from Point Conception to the U.S. - Mexico border, as well as
around each of the eight islands within the SCB. The area is surveyed by transects tracking the coastlines
of the mainland and each of the islands within the SCB to visually estimate biomass of encountered
schools extending out a few nm from shore (Figure 1). Surveys began in Summer 2012 and have
continued with Spring and Summer field work in subsequent years, to roughly coincide with SWFSC CPS
ship surveys. In Spring 2014, three bands were flown for each coastal transect, at 1, 2 and 3 nm from
shore. This was a result of a recommendation from the April 2014 workshop to cover more area
radiating outward from the shoreline. In Summer 2014, the outer bands were discontinued in the
interest of efficient use of resources and because few observations were made in the outer bands.
However, since the Summer 2015 season, an adjacent inshore and offshore band have been flown for
the survey, each 1200 meters wide (0.65 nm). This was a result of again attempting to survey more area,
and based on analysis of the effective detection distance of the observer (Appendix 1).

Survey dates and areas flown during a field season were dependent on weather conditions and
availability of staff and aircraft. For a chosen flight day, the determination of which specific transects
were flown was contingent on local weather conditions, military operations, and other airspace
restrictions that day. For any specific area, acceptable conditions for conducting a survey were



maximum wind speed of 10-12 knots, and at least ~ 90% sunshine / clear of cloud cover. Strip transects
were flown using a CDFW Partenavia P.68 aircraft with an experienced industry spotter pilot serving as
observer looking to the right. For survey seasons through Spring 2014, transects were flown at 1000 feet
altitude to maximize observer identification while still being able to detect smaller schools. Since the
Summer 2014 season, surveys have been flown at 1500 feet. This change was made to standardize
altitude of these coastal surveys with open water surveys that were flown at that time as part of this
study. A summary of survey design and methods changes is shown in Table 1.

Table 1. Summary of SCCPSS design and methods changes by season.

Year Season Transect Altitude (ft) Coastal
Types Bands
Coastal
2012 Summer 2o 1000 1
Open Water 2000 1
. Coastal 1000 1
Spring Open Water 2000 1
2013 P
Coastal 1000 1
Summer
Open Water 2000 1
Spring Coastal 1000 3
2014 Coastal 1500 1
Summer
Open Water 1500 1
i NO SURVEY
2015 |—Pring
Summer Coastal 1500 2
2016 Spring Coastal 1500 2
Summer Coastal 1500 2

When sardine (and other CPS including anchovy, beginning Summer 2013) were identified along the
transect, the aircraft diverted from the transect to more closely examine the sighting to confirm
identification and obtain species composition and tonnage estimates of schools. The aircraft then made
passes directly overhead to take photographs using a Forward Motion Compensated (FMC, Aerial
Imaging Solutions) Nikon D700 camera system oriented downward through the open belly port of the
aircraft. Photographs were taken at 60 percent overlap during the Summer 2012 and Spring 2013
seasons, and at 80 percent overlap beginning with the Summer 2013 season. The camera system
software was interfaced with a GPS unit to record time, location, speed, altitude and other information
with each image taken.

We recorded the time and frame number of fish photographs, the observer-estimated number of
schools and metric tonnage (including percent species composition of mixed schools), and other
relevant comments such as weather, viewing conditions and aircraft actions (Figure 2). Photographs
were used to supplement field notes for school location, size and count. After observed schools were
documented and photographed, the aircraft returned to the transect flight line path and resumed the
survey. Beginning in Summer 2013, at the conclusion of each flight day on which fish were observed, the
photos were reviewed and matched with log sheet information based on time, location, and estimated



tonnages and numbers of schools (Figure 2). Additional schools seen on photos were added to field-
collected data and included in analyses if verified by the observer. The FMC system software generates a
datalog file for each flight day that includes system settings (% photo overlap) and GPS data (location,
altitude, speed) for each photo taken (Figure 3).
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Figure 2. Sample logsheet (L) completed during survey transects, and post-flight review sheet (R). These examples are for
Project 1 from the Spring 2016 season.
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29 X 12:52:46 33.6731 118.0363 1649.1 3500 120 24 4 1 17.26 17154 5250 3500 678 WAAS 7 118.4% 128.1
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39 X 12:55:23 33.6193 117.9575 1649.1 3500 120 24 4 1 17.26 17163 5250 3500 688 WAAS 8 117.3 131.1
40 X 12:55:40 33.6132 117.349 24599.99 3500 120 24 4 1 17.26 17164 5250 3500 695 WAAS 8 117.59 129.8
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43 X 12:58:15 33.558 117.8731 2499.99 3500 120 24 4 1 17.26 17173 5250 3500 710 WAAS 8 116.78 131.5
50 X 12:58:33 33.5518 117.8647 1649.1 3500 120 24 4 1 17.26 17174 5250 3500 714 WAAS 8 116.65 131.5
51 X 12:58:50 33.5457 117.8563 1649.1 3500 120 24 4 1 17.26 17175 5250 3500 707 WAAS 8 116.33 131.3
52 X 12:59:07 33.5395 117.848 1649.1 3500 120 24 4 1 17.26 17176 5250 3500 704 WAAS 10 115.86 131.8
53 X 12:59:25 33.5333 117.8397 1649.1 3500 120 24 4 1 17.26 17177 5250 3500 709 WAAS 10 115.88 130.6
54 X 12:59:42 33.5272 117.8313 1649.1 3500 120 24 4 1 17.26 17178 5230 35300 698 WAAS 10 116.6 128.2
55 X 12:59:59 33.5217 117.8222 1649.1 3500 120 24 4 1 17.26 17179 52530 3500 650 WAAS 10 119.24 128
56 X 13:00:16 32.5153 117.8139 1649.1 3500 120 24 4 1 17.26 17180 5230 3500 671 WAAS 9 116.33 134.6
57 X 13:00:34 33,509 117.8058 1649.1 3500 120 24 4 1 17.26 17181 5250 3500 664 WAAS 10 116.321 132.1
58 X 13:00:51 32.5027 117.7976 1649.1 3500 120 24 4 1 17.26 17182 5230 3500 673 WAAS 10 115.72 132.7
59 X 13:01:08 32.4962 117.7895 1649.1 3500 120 24 4 1 17.26 17183 5230 3500 674 WAAS 9 116.27 134.2
60 X 13:01:25 32.4891 117.7833 1649.1 3500 120 24 4 1 17.26 17184 52530 3500 698 WAAS 10 109.79 183.2
61 X 13:01:43 32.4872 117.7301 1649.1 3500 120 24 4 1 17.26 17185 52530 35300 610 WAAS 10 112.74 3444
62 X 13:02:00 32.4954 117.7864 2499.99 3500 120 24 4 1 17.26 17186 52530 3500 631 WAAS 9 113.74 49.9
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Figure 3. Sample datalog spreadsheet from 6/23/16 (Project 1) survey flight. Each row represents photo taken (Type “X”) or
comment noted (“C”). Information recorded includes position (columns C, D), frame ID# (L), speed (R), and altitude (O).
System settings to control camera fire interval and photo overlap code are listed in columns F, G, and I. Resulting fire interval
in seconds is denoted by column K.

Analyses

The field surveys provide estimates of tonnage for observed CPS schools. Seasonal abundance estimates
were then standardized by combining with data on total area surveyed. The resulting fish density (D) is
used as an index of relative abundance.

_ ZXTops
D= —= (1)

Each value for D is calculated by summing tons by species as estimated by the observer (T,) and
dividing by total area surveyed (A). Spotter tonnage estimates from survey flights were then adjusted for



observer bias based on SCB point set data collected in 2010 by our current spotter as part of the NWSS
effort (Jagielo et al. 2010, see below - Uncertainty for Biomass Estimates derived from 2010 Point Sets).

Actual area surveyed (A) is determined by GIS analyses of the survey transect flight paths multiplied by
transect width (Appendix 2). A transect width of 1200 meters was determined in mid-2015 by examining
plots of observed tonnage at a given distance from the plane for each altitude (Appendix 1). Plotting
number of detections versus distance from transect line revealed 1200 meters as a reasonable average
distance at which observer sightability was consistent for previous seasons flown at both 1000 and 1500
feet.

The area able to be searched varies, depending on conditions; the outer limit can be affected by glare
from the sun or sea conditions. If the water is glassy, visibility is extended further, and the observer can
see “breezers” further away (disturbances on surface indicative of fish schools); if it is windy, the
whitecaps will obscure the view. Our observer noted that there is a blind spot of approximately 20
degrees angled from a line straight down from the plane to a distance off the transect line (equivalent to
166 meters @ 1500 feet altitude and 111 meters at 1000 feet). Since blind spot areas under the plane
fuselage were not actively searched while on transect, they were subtracted from the 1200 m detection
distance area.

In the case of schools straddling survey area boundaries (inside and outside of transect width), we
included the estimated tons but not the additional area in our index calculations. We define T, as total
tons observed and A as area effort (only the area surveyed).

Second replicate surveys were conducted for some seasons based on weather conditions and availability
of resources. All replicates were treated as separate indices of abundance. Some replicates were not
complete surveys, as specific areas may not have been surveyed due to persistent inclement weather
conditions.

Index values (D) are calculated for each survey flown during a season. For each index, nearshore island
observations are combined with mainland observations to obtain total nearshore estimates of
abundance.

Uncertainty for Biomass Estimates derived from 2010 Point Sets

The West Coast Aerial Sardine Survey in 2010 included efforts to collect data in Southern California.
Included in the protocol was at-sea point set sampling used to determine the relationship between
individual school surface area and the biomass of individual fish schools (Jagielo et al. 2010). This
sampling involved spotter aircraft working closely with fishing vessels to locate and completely wrap
sardine schools. The lead spotter involved in identifying and quantifying sardine schools was the same
individual as the sole observer for the SCCPSS.

This data set included spotter estimates from the air as well as landed tonnage, allowing for validation of
tonnage estimate accuracy. School sizes (2.9 — 84.9 landed metric tons) encompassed the range of



individual-sized schools seen on SCCPSS surveys. SCCPSS raw tonnage estimates were adjusted with a
correction factor (r = 2 Tons landed / 2 Tons observed) derived from the 2010 data.

Data from 29 of the point sets from the 2010 survey were used to determine observer accuracy and
variance (Table 2). These point sets were chosen because data were available (observer-estimated tons,
observer-estimated % wrap of the school, and actual landed tons) that would allow comparison of
observer-estimated tons with landed tons. The observer estimates were adjusted for % wrap of the
schools by multiplying observer-estimated tons by the % wrap of schools to get adjusted estimated tons
(x), and then compared to landed tons (y).

Table 2. 2010 point set data (n=29) used to determine biomass estimate correction factor and variance for observer-
estimated tonnage.

Adjusted Plane-
Estimated Tons Landed Tons
i x y y/x 1o w; [w;(r;-10)]12
1 5 4.8 0.97 -0.133  0.00568 0.0000006
2 27 40.2 1.49 0.385  0.03069 0.0001396
3 22.5 25.7 1.14 0.041 0.02558 0.0000011
4 30 38.5 1.28 0.181 0.0341 0.0000382
5 5 10.1 2.02 0.919  0.00568 0.0000273
6 15 10.9 0.73 -0.377  0.01705 0.0000414
7 15 15.4 1.02 -0.079  0.01705 0.0000018
8 9.5 15.0 1.57 0.472 0.0108 0.0000259
9 5 6.7 1.35 0.242  0.00568 0.0000019
10 10.8 17.9 1.66 0.556  0.01228 0.0000466
11 10 2.8 0.28 -0.819  0.01137 0.0000867
12 10 9.6 0.96 -0.142  0.01137 0.0000026
13 9.5 14.9 1.56 0.460 0.0108 0.0000247
14 25 20.0 0.80 -0.302  0.02842 0.0000737
15 11.4 10.7 0.94 -0.161  0.01296 0.0000044
16 47.5 58.7 1.24 0.133 0.054 0.0000513
17 25 31.3 1.25 0.150  0.02842 0.0000181
18 35 44.0 1.26 0.153  0.03979 0.0000368
19 61.75 67.4 1.09 -0.012  0.07019 0.0000007
20 45 45.0 1.00 -0.103  0.05115 0.0000275
21 49.5 38.8 0.78 -0.319  0.05627 0.0003220
22 52.25 23.9 0.46 -0.645 0.0594 0.0014673
23 42.75 46.8 1.10 -0.008 0.0486 0.0000002
24 80 84.9 1.06 -0.042  0.09094 0.0000146
25 23.75 20.2 0.85 -0.253 0.027 0.0000468
26 50 64.2 1.28 0.181 0.05684 0.0001053
27 31.5 40.5 1.29 0.182  0.03581 0.0000423
28 50 76.8 1.54 0.433  0.05684 0.0006049
29 75 84.6 1.13 0.025  0.08526 0.0000044
Sum 879.70 970.55 1 0.0032586
= Zy/Xx = 1.1033 V() = [wj(ri—r())]z [n/n-1] = 0.003374998
SE = 0.058094732
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From these data, we determined:
1) A correction ry, where
ro = Ztons landed/Ztons estimated = 2y/5x= X (w;r;) = 1.103.

The term ry was applied to the survey observer tonnage estimates (C) to get adjusted biomass estimates.

2) Variance C**V(r,), where

C = observer-estimated tons,

V(ro) = 2 (wj (rro)?) - (n/n-1) = 0.00337, where

w; = weight (each estimate of adjusted tons/total adjusted estimated tons),

r; = each jth value of y/x.

This variance formula (see Cochran 1977) used weighted values of y/x and was applied to each adjusted
biomass estimate from 1) above to determine variances of the biomass estimates. The tonnages and
variances of individual observations were then summed to obtain total tonnage and relative error for
each season’s survey(s).

Boat Sampling

Boat sampling was conducted to validate observer identification of species, and provide information on
size and age structure of the observed fish. To date, boat sampling has been conducted for Project 1
work only. Separate flights from the transect flights were paired with boat-based sampling of CPS
schools observed from the air. Boat surveys were guided to specific areas for sampling by aircraft
observations of CPS. Waters off Santa Catalina Island and off the northern Orange County coast have
been sampled (Figure 4). Underwater video and hook-and-line sampling methods were used to validate
aerial observer identification of species, and collect samples to provide information on size, maturity
and age of the observed fish. The 2012 sampling used a Deep Blue Pro Color tow camera and hook-and-
line gear. Due to challenges from the tow camera disrupting fish behaviors and poor image quality,
beginning in 2013 video sampling was conducted by divers. Hook-and-line samples were collected using
sabiki rigs.
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SCCPSS Boat Sampling
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Figure 4. Locations of successful boat sampling efforts, 2012 — 2015.

In 2015, net sampling methods were first employed in an effort to increase sampling efficiency. The
hook-and-line gear remained as an alternate method. A 50-foot length monofilament gill net with a
mixed mesh of 1 % to 2 J-inches that was manually deployed and retrieved. This method was ineffective
on moving schools of fish, and our sample size remained lower than with hook-and-line. In 2016, we
attempted to manually deploy and retrieve a 200-foot variable mesh purse seine net off. This method
proved ineffective as deployment was slow and cumbersome allowing the fish to avoid the net. No
samples were collected with the purse seine net. With all methods, sampled fish were bagged, tagged
according to school, and preserved on ice for lab work. Once in the lab, samples were processed and
weight, length, sex, maturity and age data were recorded using methods consistent with CDFW CPS
wetfish port sampling and ageing protocols (CDFW 2014, Yaremko 1996). Aerial species identifications
were noted and compared with results of boat sampling (Table 3).
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Table 3. Boat sampling results. Aerial identifications from observer (blue shading) were compared to boat sampling results.
Matches defined as consistent with aerial observations, but may not include all species identified from the observer.

Aerial ID Boat ID # Samples Taken
Season - - = Match
Dive Tow Video Hook and Line Net* PS (PM| JM | NA
PM, PS UNID PM, JM 5 v
PM, PS PM, JM PM, PS 1] 2 v
v
Summer 2012 |-2M. PS (mostly PM) UNID PM, JM 5 1
PM, PS PM?, PS? PM, JM, Blacksmith 9 1 v
PS, PM? (mostly PS) PM, PS PM v
PS, NA No video - turbid [ lizardfish, croaker, smelt
Mackerel (mixed?) PM, PS PS, PM PM, JM, Blacksmith v
Spring 2013 PM, PS PS? PM, PS, IM v
PM, PS PM, PS PS? PM, PS, IM 2 4 1 v
i v
Summer 2013 PM, PS (mostly PM) PM, JM, PS PM, possibly JM PM, IM 2
Mostly PM PM, JM PM, possibly JIM PM, JM 20 v
PS, PM PS, PM 2 | 4 v
NA NA 2 v
NA or PM PM, JM, smelt 3 | 2 v
Spring 2014 PM, NA PM, JM, NA 2 | 2| 1 v
NA NA 36 v
NA PM, JM 10 | 7
NA PM 7
Summer 2014 | PM, PS (mostly PM) PM 14 v
JM, PS PM 3
Summer 2015 v
o PS, PM PM, JM 7 1
gill net
PM PM 14 v
PS, NA, M
Summer 2016
N ) PS, M
purse seine net
Mix

Species: PS = Pacific Sardine; PM = Pacific Mackerel; JM = Jack Mackerel; NA = Northern Anchovy

A Secchi disk was used to determine water clarity, and a Bio Marine model ABMTC refractometer was
used to measure water specific gravity and salinity. Data on SST, school density depth, and water depth
were collected from a Furuno® Nav-net display and DFF1 digital network echosounder (2,500-foot range
with dual-frequency 50/200 kHz), and data on temperature and light intensity at depth obtained using
an Onset HOBO Pendant Temperature/Light Data Logger.

Project 2: Develop an inshore correction factor to account for sardine and anchovy not sampled in
offshore acoustic surveys

Since 2006, ATM surveys have provided information on CPS abundance off the Pacific coast of North
America. Due to operational restrictions, these surveys have operated in waters deeper than
approximately 40 meters in depth. This has led to concerns over CPS abundance missed in waters
inshore of ATM transect lines. The May 2016 PFMC workshop recommendation led to SCCPSS initiating a
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pilot study in September 2016 to attempt to fly directly over ATM transects and continue to shore, with
the goal of deriving inshore correction factors (PFMC 2016b).

Field Methods

The methods described above for Project 1 regarding fish sighting, identification, documentation, and
tonnage estimate adjustment also apply to Project 2. In September 2016, the SCCPSS flew overflights of
5 acoustic trawl transect lines in the SCB (Figure 5). The survey aircraft conducted overflights of existing
ship transects within the SCB to collect data to compare sightings between aircraft and ship while the
ship ran its SCB survey. The study area was based on the 17 transect lines currently used by the ATM
survey in the SCB (J. Zwolinski, pers. comm., Figure 5). SCCPSS staff coordinated with the ATM survey to
conduct survey flights over the innermost 20-nautical mile segment of the ship transects on the same
day as the ship surveys. The aircraft then continued from the most inshore point of the transect line all
the way to shore to survey fish schools not surveyed by the ATM. Efforts were made to fly as many of
these transects as possible while the ship surveyed the SCB. The 2016 flights flew three replicates for
each line, but this will be reduced to a single replicate for future surveys to avoid potential double
counting. Observed fish species and tonnages from the areas covered by both aircraft and ship can be
compared to evaluate what was detected by each survey method. A correction factor (see Analyses
below) can be developed from these data to account for fish in the nearshore area not sampled by the
ATM survey. These results can be used to adjust ATM survey estimates to account for biomass inshore
of the transect lines.

SCCPSS Observations from Overflights of Summer 2016 NOAA Acoustic Trawl Survey
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Figure 5. Project 2 ATM transect lines and overflight observations, September 2016.
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Analyses

For Project 2, the goal is to provide an inshore correction factor for estimating total CPS abundance
within the SCB. This can be done through development of an adjustment for the negative bias of ATM
survey biomass estimate to account for fish shoreward of ATM transects. The correction is determined
using proportionality of fish observed by the aircraft in both inshore and offshore areas; this ratio is
applied to offshore estimates from the ATM survey in the SCB to obtain biomass estimates that account
for nearshore fish. Figure 6 is a schematic of the areas around an ATM transect line pertinent to the
calculation of the inshore correction factor.

Transect line

Figure 6. Diagram of areas included in inshore correction factor calculation (see text for formula and explanation).
Representative ATM transect line extends from label (“Transect line”), bounded by red vertical lines.

T = Tao + (Z Tc/Z TBp) * Tgs (2)
T = total absolute biomass estimate within SCB (metric tons)

T, = metric tonnage represented by area A (A = total SCB area within ATM transect lines)

Tc = metric tonnage represented by area C (C = area the aircraft surveyed on the transect line from the
inshore end to beach

Ts, = metric tonnage represented by area Bp (Bp = area of overlap on transect line where ship and
aircraft both surveyed)

Tss = metric tonnage represented by area Bs for the expanded estimate of biomass for the area covered
by the ATM survey (Bs = total area within ship-aircraft overlap for which ATM biomass estimates are
produced in the SCB)

Alternatively, the SCCPSS data from Project 1 can be used as a minimum absolute abundance estimate
for SCB nearshore waters, and added to ATM biomass estimates to obtain a total SCB minimum absolute
estimate for the SCB.
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RESULTS
Project 1

Sardine density indices of abundance for both summer and spring surveys have shown increases in
recent years (Table 4, Figure 7). Summer indices were at the highest levels in 2012-2013, but sharply
decreased for 2014-2015, and increased in 2016. Spring survey densities were low in 2013-2014, but the
two most recent years have been the highest yet. The highest frequency and largest aggregations of
sardine have been observed along the mainland coast with a smaller number of sightings off the islands
(Figure 8). Large concentrations were observed off the Santa Barbara-Ventura, Pacific Palisades, and
Orange County coastlines.

Table 4. Sardine and anchovy density indices by season. Note: anchovy included in survey beginning with the Summer 2013
season, and no survey was conducted in Spring 2015. Replicate surveys numbered.

Year Season Dates Area Surveyed Sardine Anchovy
(km?) B(mt) D(mt/km®) RE(%) | B(mt) D(mt/km’) RE (%)
2012 | Summer 7/30-8/17 880 7225 8.21 2.8 - - -
2013 Spring 4/22-5/21 831 1543 1.86 3.3 - - -
Summer 8/1-10/4 945 6278 6.64 3.3 15199 16.08 5.2
2014 Spring 5/13-6/20 2074 3859 1.86 4.2 7612 3.67 10.8
Summer1 8/4-8/18 832 62 0.07 3.2 386 0.88 5.3
Summer?2| 8/25-8/26 370 0 0 - 568 1.54 5.1
2015 Spring NO SURVEY
Summer1 8/7-8/29 1736 116 0.07 1.8 0 0 -
Summer 2 10/1-10/6 1650 375 0.23 2.6 0 0 -
2016 | Spring1l 4/16-5/2 1290 3364 2.61 1.5 1052 0.82 2.0
Spring 2 5/23-6/23 798 7050 8.83 2.0 4224 5.29 3.9
Summer 8/11-9/6 1679 7560 4.50 4.8 29 0.02 4.8
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Figure 7. Density (D) indices of relative abundance by species and mean date of survey dates within summer and dpring
seasons (see Table 3 for D values).
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Pacific Sardine Observations
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Figure 8. Sardine observations for seasons Summer 2012 — Summer 2016. Note these are field estimates of tons.

Anchovy densities have generally decreased in both Spring and Summer from the start of the SCCPSS,
with one notable exception being the second survey from Spring 2016 (Table 4, Figure 7). Anchovy were
observed during the first three field seasons after being formally documented in the survey beginning
with Summer 2013. For seasons Summer 2013 through Summer 2014, large numbers were seen off the
Santa Barbara — Ventura coast (Figure 9). None were sighted in 2015, with no survey in Spring and none
observed in the Summer. Both Spring 2016 surveys saw the highest abundance seen since Spring 2014
(again with large numbers seen off Santa Barbara-Ventura), and observed abundance declined again in

Summer 2016.
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Northern Anchovy Observations
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Figure 9. Anchovy observations for seasons Summer 2013 — Summer 2016. Note these are field estimates of tons.

Boat Sampling

Samples were collected off the northern Orange County coastline and Santa Catalina Island (Figure 4).
During the time periods of our study, more single-species and mixed schools of Pacific mackerel and
northern anchovy were observed relative to sardine. Each season’s boat sampling results indicated
accurate aerial identification of CPS. No samples were collected in 2016 due to logistical challenges with
weather and boat/personnel availability, and unsuccessful testing of new gears.

Results from the boat sampling were generally consistent with CPS schools identified from the aircraft
(Table 3). In some cases, positive identification of species was difficult due to poor video quality, or
possibly insufficient sampling by hook-and-line and net methods.
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Collected CPS samples for 2012-2015 seasons were heavily weighted towards mackerel species,

especially Pacific mackerel (Table 5). This may be primarily due to use of sabiki rigs (hook and line) for

capture, as Pacific mackerel may have outcompeted other CPS for hooks. The few (n=3) sardine samples

collected in 2012 and 2013 were mature females, and anchovy samples from 2014 (n=39) were males

and females of intermediate maturity. In the future tow nets or midwater nets may be deployed in

attempts to improve the sample size.

Table 5. Biological data from collected boat samples, 2012-2015.

Species # of Fish Weight Length Sex Count Maturity Stage Age in Years
(n) Avg (9) SD  |Avg (mm)| SD M F u Avg SD Avg SD
PS 1 108 - 198 - 0 1 0 8 0 4 0
Summer PM 21 61 29.3 176 18.5 1 0 20 1 0 0 0.3
2012 JM 2 62 7.5 184 6.4 0 2 0 1 0
NA - - - - - - -
ES 2 127 3.2 208 4.2 1 1 2 0 25 0.7
Spring PM 4 270 101 266 50.9 2 2 2 0.8 1 0.8
2013 JM 1 60 - 173 0 1 0
NA - - - - - - -
PS - - - - - - -
Summer PM 22 131 67.3 222 26.6 2 6 14 1 0 0 0.3
2013 IM 5 83 29.3 251 112.8 2 1 2 1.5 0.5
NA - - - - - - -
PS 2 126 20.4 198 11.3 0 2 0 35 0.7 8 1.4
Spring PM 26 121 20 219 10.5 6 18 2 1.9 0.05 0
2014 IM 11 97 258 202 14.9 0 4 7 1.3 0.07
NA 39 14 4.2 103 11.3 23 15 1 2 0.3 1.4 1
PS - - - - - - -
Summer PM 14 207 44.7 255 18.8 5 9 0 1.6 0.5 1 0.4
2014 IM o = - -
NA - - - - - - -
PS - - - - - - -
Summer PM 24 117 42.3 216 22.1 7 10 7 2 0.9 0 0.5
2015 IM 1 88 - 195 0 0 1 0
NA - - - - - - -

Species: PS = Pacific Sardine; PM = Pacific Mackerel; JM = Jack Mackerel; NA = Northern Anchowy

Sex: M = Male; F = Female; U = Unknown

Maturity Stages - anatomical classification system based on 3 stages for males and 4 stages for females:
1 = Clearly immature; 2 = Intermediate; 3 = Milt (M) or yolked oocytes (F) present; 4 = Hydrated oocytes present.

Project 2

Three Project 2 overflights were flown in conjunction with the ATM survey on 9/7/16, 9/14/16 and
9/15/2016 (Table 6, Figure 5).
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Table 6. Project 2 results from September 2016 flights. ATM transect lines 112 and 113 were also flown but no fish were
observed. Offshore refers to areas on ATM transect line, inshore refers to areas shoreward of the shoreward endpoint of
ATM line. Observations on 9/14/16 (shaded yellow) were from an opportunistic survey extending transect line 111 due to
sighting of R/V Reuben Lasker. The only inshore survey observations were sardine, and the only offshore observations were
anchovy.

. Biomass (mt) Location

Date Line - Offshore | Inshore - -
Sardine | Anchovy Latitude |Longitude
9/7/2016| 103 6 X 34.2798( -119.5077
9/14/2016 111 3 X 33.315| -118.2408
9/14/2016 111 7.2 X 33.3318| -118.236
9/15/2016| 114 4 X 33.1452( -117.3728
9/15/2016| 114 4 X 33.1581( -117.3794
9/15/2016 114 4.5 X 33.1485( -117.3725
9/15/2016| 114 11 X 33.0379( -117.5873
9/15/2016| 114 3.5 X 33.133| -117.3618
9/15/2016 114 3.5 X 33.128( -117.355
9/15/2016| 114 3 X 33.1419( -117.3523
9/15/2016 114 2.5 X 33.1358( -117.3632
9/15/2016| 114 0.5 X 33.0486( -117.5793

On 9/7/16 the survey flew over transect 103; low clouds caused a delay in the plane’s departure and
necessitated flying below 1000 feet to see the water. One school of anchovy was seen on line 103.

For 9/14/16, the aircraft flew lines 111 and 112. Three schools of sardine ranging from 0.2 to 7 tons
were seen about 20 nm offshore on the transect. The R/V was spotted as the last replicate was flown
and an additional survey area starting at the vessel and about 5 nm in length was flown.

The flight on 9/15/16 covered lines 113 and 114. Anchovy were spotted on the overlap on line 114 and
sardine near the coast. Similar to the flight on 9/14, conditions were favorable to begin the day, but
winds picked up to 10 knots later on, making conditions less than ideal for the second lines flown those
days (lines 112 and 114, respectively).

The proposed inshore correction factor equation can only generate a biomass estimate that accounts for
nearshore fish if schools are observed in both inshore (T¢) and offshore (Tg,) areas. In Summer 2016
there were no transects where schools of the same species were observed both inshore and offshore.
Therefore, a correction factor could not be calculated. The sardine observations made on 9/14/16 were
part of an opportunistic survey that occurred greater than 20 nm offshore as a result of the R/V Reuben
Lasker being spotted.
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DISCUSSION
Proposed use of aerial survey data in CPS stock assessments

Project 1 data can be used to produce an index of abundance in biomass/unit area of transect within
approximately two nautical miles of shore in the SCB that may be used as a measure of relative
abundance in an integrated stock assessment. In addition, if the estimate from the aerial survey is
treated as a census estimate of absolute abundance shoreward of the ATM survey transect lines and
timed to coincide with the ATM survey, the estimate could be added to the estimate of abundance from
the ATM survey to provide a complementary absolute estimate of abundance in the SCB. The latitudinal
distribution of the current SCCPSS sampling program does not include portions of the range of CPS
outside the SCB, which could be added in the future to provide more comprehensive coverage of each
species range.

Project 2 may provide a means of expanding the offshore biomass estimated from the ATM survey to
account for the biomass shoreward of the ATM survey lines within the SCB. The survey data may be
used to calculate a ratio of onshore to offshore abundance along latitudinal transects. If data were
collected at a sufficient interval and replication to provide a suitable precision to expand the ATM survey
estimates to account for abundance shoreward of the ATM survey, the results would provide a total
absolute estimate of abundance for the SCB. Expansion of the sampled range beyond the current pilot
project to include transects northward would allow similar adjustments along the entire range of the
species in question. Collaboration with the ATM survey to focus sampling on the range of focal species
determined by the ecological distribution model in the case of sardine or the full distribution of the
central subpopulation of northern anchovy would allow more comprehensive sampling of the entire
population in the future.

The biological data from specimens collected by the vessels in the vicinity of schools identified in the
course of the Project 1 in nearshore waters can be used to inform sex ratio, length/age composition and
maturity of the schools in the vicinity. The timing of sampling of Project 2 to coincide with the ATM
survey would allow offshore samples collected by the ATM survey to provide opportunistic, but
representative samples of the age composition of the fish identified in the aerial survey. Sampling
shoreward of the ATM transects during Project 2 can provide representative sampling along the
remainder of the transect line. The biological data collected can be used to complement indices of
abundance in an integrated assessment.

Assumptions

There are several assumptions concerning the use of the collected data. One is that the survey method
(including detection and range coverage) results in data that accurately and consistently represents the
abundance of the sardine and anchovy stocks. The survey is a daytime visual survey that assumes fish
within approximately the upper 10 meters of the water column are detected. The fish that inhabit those
depths during the day serve as the index for the entire stock; additional studies of depth-dependent
abundance in these waters would need to be undertaken to verify this. Thus, the index value may be
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affected by variation in the detection probability given environmental conditions should they prevent
schools from being observed over the course of a transect.

Some of the schools may not be visible given their depth distribution or environmental conditions, thus
use of the results from Project 1 as a census of abundance inshore of the ATM survey should be treated
as estimates of minimum abundance. For Project 2 that is less the case, as the depths increase and the
chances of missing fish at depth may increase if they are distributed in deeper depths than are
observable by the spotter. Even though the specific transects and study areas are chosen for each
survey day according to weather and ocean conditions, such factors may affect the results of both
surveys. Survey flights were conducted only when skies were clear and winds calm; this serves to
standardize to a large extent variations in sighting conditions. However, there were still occasions where
conditions were not ideal, as the aircraft passed through localized weather patterns, or conditions
changed as the survey proceeded.

The Project 2 method and formula to determine inshore abundance assumes that an equal proportion
of the biomass that is present offshore and nearshore is visible to the spotter. The proportion of the
biomass visible in each area may vary based on depth distribution of the school and visibility. If the
proportion visible is greater offshore, the ratio will be biased low. If the proportion visible is greater
inshore it will be biased high. If the proportion of the biomass in each area that is visible to the spotter is
equal, it should be unbiased, all other things being equal. More field studies are necessary to collect
sufficient data to adequately evaluate the effects of differences in detection probability in each area on
the results of this method.

Weather was a primary factor behind SCCPSS seasons ultimately surveying different parts of the study
area. The density indices calculations included all data for all survey seasons without regard to specific
areas actually surveyed for each survey season. The assumption was that the density across all areas,
either mainland or island, would be unbiased. An alternative method would standardize these
calculations for area type, perhaps by only considering survey data from commonly surveyed areas (i.e.,
mainland areas). In addition, the chance of double counting the same fish on separate sampling days or
surveys is not accounted for in the index calculations.

During the spring, the southern range of the northern subpopulation of sardine includes the SCB, but
with summer and warmer waters is shifted northward out of the SCB, while the southern subpopulation
also shifts north into the SCB (Felix-Uraga et al. 2004, 2005). Therefore, spring survey estimates are
believed to belong to the northern subpopulation, and data from the spring sampling period would be
the pertinent dataset on which to base an index for management. Habitat models can provide detailed
information on differentiation of subpopulations at specific locations and time periods. For both sardine
and anchovy, the complete range of these stocks extends north (for both species) and south (for
anchovy) of the study area.

Boat Sampling

Aerial and boat-based species identification of fish were consistent (Table 4). Additional sampling for
single-species sardine and anchovy schools would be useful to validate aerial identification accuracy for
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these species. Along with exploration of other methods to increase sample size, a more varied range of
geographical boat sampling, such as off the SCB north coast or the northern Channel Islands, as logistics
allow, would provide improved validation of species identification and data on representative
length/age composition. Further attempts to collect sardine and anchovy samples across the study area
would better describe the demographics of these stocks at the time of the survey, and inform size and
age selectivity within assessment models used for management.

Biological information from CPS samples was also limited by the relative inefficiency of collection
methods (Tables 5 and 6). Attempts to increase sample size using gill and purse seine nets were difficult
and inefficient given the lack of experience with methods and equipment. In our efforts, gill nets were
more manageable than the purse seine net, but it is not the preferred method for capturing CPS in the
SCB. A small midwater trawl net is being considered for the next season that could be more effective in
collecting samples. There is a trade-off required, where the boat needs to be fast and maneuverable
enough to set on schools located by the aircraft, as well as being capable of safely operating in ocean
waters and hauling gear. Video and hook-and-line gear remain the simplest alternative methods to help
validate species identification while different net options continue to be explored to provide biological
samples for length and age composition data.
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Responses to April 17-18, 2017 Review Panel Requests

The following are from the review panel report, with additional COFW comments in bold.

A. Request: Update Tables 1 and 2 from the report of the June 2009 Methodology Panel on the
Northwest Aerial Survey (PFMC: Agenda Item H.2.A. Attachment 3, June 2009).

Rationale: The Panel wished to have a single summary of the key sources of uncertainty, how the
estimates of biomass were likely to be impacted by each source, and whether it would be possible to
address each uncertainty, and estimate its magnitude.

Response: Table 1 lists the sources of uncertainty associated with species identification, school
detection and biomass estimation. It also lists the likely direction of bias and data / methods to
overcome each source of uncertainty.

The primary sources of uncertainty/bias in Table 1 not currently addressed by the survey are schools
too deep and surveyor bias (with regard to both species misidentification and biomass estimation).
One way to address schools deeper than visual detection limits is to compare total nearshore biomass
from acoustic studies with observed biomass from aerial observations. Currently the survey uses one
surveyor. CDFW will be considering using alternate surveyors and appropriate calibration studies to
account for multiple surveyor observations.

B. Request: Show the variance estimates and how they are calculated. Ideally, quantified uncertainty
would account for within-transect error (replicate sampling) that might indicate depth variation and
movement in schools plus surveyor error. Between-transect variance and the variance estimator for the
biomass estimate were requested. There also appears to be rounding since there appears to be an
improbable set of numbers divisible by five given the numbers presented. Would that contribute to the
variance? Is there an estimate of surveyor bias or survey condition bias? A table listing the sources of
variance, how they are calculated, and how they are combined to estimate biomass estimation error
would be helpful.

Rationale: The estimates of variance of total Coastal Pelagic Species (CPS) biomass included in the
documentation accounted only for survey bias error derived from the point set data.

Response: The Panel and proponents agreed that the current approach to quantifying uncertainty is
inadequate. Appendix 2 outlines a generic approach for quantifying uncertainty for Project 1 estimates.
Variance estimation is discussed further in Section 6.2.

See Appendices 2 and 3, and Table 5 of panel report. CDFW aerial survey staff will work with internal
statistical staff to develop a variance estimator that is appropriate to the survey.

C. Request: Define the standard for “synoptic” needed to reduce the risk of double counting schools
from the ATM survey or vice versa. Optimally, it would be good to see comparisons (aerial to aerial and
aerial to acoustic) for overlapping data with increasing time gaps between results. If the comparisons
between methods worsen over time, that information might be useful for estimating method error.
Rationale: The effect of fish movement, whether lateral or vertical, has not been accounted for in the
survey analysis. Schools of sardine or anchovy can travel 10 nm during 24 hours, which can bias
estimates from combined aerial-acoustic survey data. The probability of counting the same schools
twice may increase with the time interval between the aerial and ATM surveys.
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Response: The proponents highlighted that aerial surveys are generally conducted very quickly (1-2
days), and attempts are made to conduct aerial surveys synoptically with the ATM survey. The Panel
supports the strategy adopted by the proponents.

The degree to which the timing between sampling segments of the coast covered in the aerial survey
and the acoustic trawl survey transect coverage are sufficiently synoptic to mitigate the potential for
double counting depends on the rate of lateral movement of schools between sampled areas.
Mobility of the species, strength of currents and potential for overlap in sampling efforts between
sampled areas will all contribute to the potential for schools to move between sampling areas and be
observed twice. Some degree of double counting would result in error that falls within the variance
generated by other aspects of sampling error from observation error (unobserved fish deeper than are
visible or shallower than are detectable in the ATM survey) and measurement error (backscatter or
spotter estimates/rounding vs actual abundance). Given sufficient time, large schools could move
from one sampling frame to another and enough of them counted twice across areas to result in a
significant overestimate of biomass.

Fish residing in nearshore areas are generally thought to be subject to less movement due to currents
as a result of the friction presented by bottom structure (referred to as “sticky water” by Wolanski
(1994)). These areas also offer the opportunity for fish to use vertical migrations to maintain their
position. Smaller fish may be less capable of making directed movements than larger fish and
northern anchovy are not as strong of swimmers as Pacific sardine, which can move more rapidly
(Blaxter and Hunter 1982). As a result, the time frame over which movement between sampling areas
becomes a factor depends on a combination of considerations. The time frame over which stationarity
in the pattern of distribution can degrade depends on a combination of circumstances, making it
unpredictable.

Examination of repeated sampling over the same transect can provide some indication of the time
over which stationarity in the pattern of observed distribution degrades. This may not relate directly
to the potential for double counting, but rather differences in depth distribution resulting in the
school residing in depths greater than are observable by the spotter as well as lateral movement to
outside the transect area. Optimally, it would be good to see comparisons (aerial to aerial and aerial
to acoustic) for overlapping data with increasing time gaps between results. If the comparisons
between methods worsen over time, that information might be useful in estimating method error.
Unfortunately, only limited data from replicates conducted offshore with a lag of only a few minutes
are available, which is an insufficient duration to provide a meaningful analysis. Additional research
examining lags of minutes, hours and one or more days between replicates would be more
informative.

In the absence of definitive time frames over which the potential for double counting increases,
timing between sampling of separate areas during the course of the aerial survey or ATM survey
should be minimized to mitigate the possibility. The forecasts for the next few days can be reviewed
to ensure that sampling of the entire survey area can be completed before beginning sampling. In
addition, if the direction of movement of the species is known, sampling against the direction of
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movement will minimize the potential for double counting. Such consideration should be borne in
mind when coordinating and conducting sampling.

D. Request: Explain the relationship between the estimates obtained during the Spring and Summer
surveys and which subpopulations of anchovy and sardine are observed during those surveys.

Rationale: The Panel was concerned that the Summer estimates of biomass likely pertain to the
Southern Subpopulation of Pacific sardine.

Response: Table 2 suggests that most of the Summer surveys were not conducted in environmental
conditions consistent with the presence of the Northern Subpopulation of Pacific sardine. The Southern
California Bight is an area of overlap for the two subpopulations, and the Summer data would not
provide usable information on the northern subpopulation. Sampling could, however, be shifted
northward according to the distribution of the northern subpopulation from the model of Demer and
Zwolinski to focus minimum abundance estimates away from the region of sympatry in the summer
months. Northern anchovy may occur in the Southern California Bight in summer, thus surveying in the
Bight is still worthwhile to provide an estimate of minimum abundance therein, but estimation of Pacific
sardine could not be used for management purposes until the latitude of distribution of the northern
population is reached.

[CDFW comment included in Response]

E. Request: Plot (a) the point set data and (b) the ratio data vs. pilot-estimated tons (Table 2 of the
survey report). Assess the variance structure of the ratio data to determine whether it matches the
assumptions of the analyses or whether another analysis provides a better match. Update the analysis
based on most appropriate approach for representing variance.

Rationale: The estimate of “r” (and its variance) depends on how the ratio data are weighted.

Response: An initial regression suggested that variance is independent of the pilot estimate of biomass.
However, it was noticed that the observer biomass estimates rather than the boat-based biomass
estimates were corrected, i.e. the observer estimates of school biomass were reduced to better match
the actual portion of the school captured, but the relationship which should be explored is that of the
observer estimates to the true size of the school, as measured by capture, so the capture amounts
should be scaled up instead. See Request K.

See plots included in panel report and comment for Request K.

F. Request: Consider and analyze potential stratifications (e.g., coastal vs. island) to reduce bias in the
index/estimate when areas are missed during the survey.

Rationale: The Panel was interested in knowing whether densities differed spatially.

Response: Results indicate that the nearshore (<40m depth) densities around the islands are
substantially smaller than those by the coast. No anchovy were seen in any of the surveys around the
islands. This indicates that conducting the aerial survey around the islands is unlikely to yield useful
results in Summer. In Spring, when the Northern Subpopulation of Pacific sardine is present, the island
areas could be surveyed and treated as a separate stratum from the coastal areas.

CDFW is considering the relative benefits of surveying island areas, given the relative lack of
observations and data. Resources may be better used towards replicates of mainland areas.
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G. Request: Describe how a recruitment index would be developed given (the lack of) compositional
data?

Rationale: There is very little age-composition data for Pacific sardines and northern anchovy. However,
young-of-year anchovy, as opposed to sardine, do aggregate in the nearshore or other areas, and a
coast-wide nearshore aerial survey with directed net sampling may be able to provide an index.
Response: The proponents agree that it is currently infeasible to construct an index of recruitment.

The nearshore areas are nursery grounds for young of year Pacific sardine and northern anchovy thus
the aerial survey was considered as a source of data informing a recruitment index. Complicating
direct use of the data from the aerial survey for this purpose is the utilization of the nearshore areas
sampled by the survey as foraging grounds for older age classes. Parsing the biomass estimated from
the aerial survey to age classes requires biological sampling from the boat-based aspect of the survey
to provide length or age composition data. The boat-based survey has not yet developed a sampling
method that can efficiently provide an adequate number of samples with which to represent the age
composition of fish encountered in the aerial survey. In addition, the selectivity of the gear would
need to be determined in order to adjust the sampled catch to better reflect the composition of the
sampled school. The sampling frequency and stratification to which the sampled schools could be
applied, if only a subset of schools can be sampled, would need to be determined.

While use of the aerial survey to provide a recruitment index may be a possibility in the future, the
efficiency of sampling methods, frequency of boat based sampling, selectivity and stratification would
need to be considered and addressed before a representative index is derived from the survey. The
SWFSC YOY rockfish survey provides useful information regarding recruitment and adult abundance
using bongo and midwater trawl sampling, sampling closer to shore than the ATM survey. Given the
challenges facing the current survey and cost considerations, as well as the availability of this
alternative data source, intensified boat based sampling in pursuit of a recruitment index from the
aerial survey may be forgone to focus efforts on expansion of the survey area to cover a larger portion
of the coast.

There is still value in pursuing boat-based biological sampling providing data on the size/age
composition of the catch to inform composition of schools encountered during the course of the
survey. The sample sizes provided by the ATM survey offshore are lower than may be desirable and
may not provide data representative of the composition of fish in the nearshore waters given the
greater prevalence of younger year classes. Even without development of a recruitment index,
intensified boat based sampling in the nearshore with more efficient sampling methods may be
worthwhile for the purpose of biomass projections.

H. Request: Provide more information on species/amounts for split schools to estimate the proportion
of schools with mixed species

Rationale: The Panel wished to assess the extent to which it is necessary to estimate the precision
associated with estimates of species composition by school.

Response: Table 3 lists the breakdown of the observations (sampling events that consist of multiple
schools) by whether the observation is of a single species or mixed species. It also shows the number of
schools within the single-species or mixed-species observations and the corresponding biomass that is
from single-species or mixed-species observations. The Panel noted that interpretation of these data is
complicated because of the way mixed species schools and biomass are defined. However, there is
evidence that mixed species cannot be ignored, when computing measures of precision. Row 3 of the
table shows a small number of observations leading to a large number of schools, contributing the
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dominant tonnage of mixed schools. This could indicate anomalous conditions affecting interpretation
of these few observations.

The data suggest that observations with large numbers of schools or tonnage may require different
consideration of uncertainty associated with biomass estimates. Additional boat sampling would help
in acquiring data to be compared with aerial observations to analyze this question. Note that
“observations”, as defined by SCCPSS staff, can also mean single schools; they are sighting events.

I. Request: Exactly how are transects flown? Does the pilot always circle and descend to observe
schools? Document the criteria used by the surveyor to identify species.

Rationale: The Panel wished to better understand the survey protocol.

Response: The technical team noted “Distinguishing CPS schools from the aircraft is based on structure,
color, shine, and movement of schools. For sardine, they’re black-greenish, with a little twinkle. Schools
can be either long and stringy or frequently boomerang-shaped (especially when moving) and also balls;
often hard-edged. Anchovy are a generic brown color without much shine, and schools are dull-shaped
(rounded) of any shape, often blotchy. Mackerel schools are shinier, and individual fish in the school can
be detected (especially with binoculars). The big Pacific or blue mackerels can look silver, the smaller
Spanish or jack mackerels brownish-green. The shapes of schools are similar to sardine. Large Pacific
mackerel are obvious, but it's hard to distinguish between jack and smaller Pacific mackerel. Also,
mackerels break the surface more often than other species, and schools move much faster.”

Yes, the aircraft is directed to suspected schools, and circles to verify species and to make tonnage
estimates. These actions are frequently at lower altitude, but not always. See pp. 5-7 of this report,
under “Field Methods”.

J. Request: Explain where fish are if they are not seen by the surveyor on nearshore transects (to
consider bias). For example, are they (a) too dispersed in nearshore waters shallower than 40 m to be
detected (b) to deep in nearshore waters to be detected, or (c) deeper than 40m (i.e., not in the
nearshore zone, and therefore not in this survey)?

Rationale: The Panel wished to better understand the survey protocol because of the apparent
relationship between the number of schools in a cluster and the percentage of schools identified as
sardine versus anchovy. Species identification should not be density-dependent. As with the
overcounting risk resulting from lateral fish movement, vertical fish movement can lead to
undercounting bias for aerial estimates.

Response: Sampling error can be examined using repeated surveys and by repeating transects. The
magnitude of bias due to dispersed schools and fish deeper than 10m could be consequential (negative
bias), but there are currently no data to estimate the magnitude of this bias. The Panel did not consider
fish deeper than 40m and offshore a major concern because the nearshore is a strip survey.

Agreed; if not observed, the fish are either too dispersed or too deep to be detected. Future surveys
will attempt at least 3 replicates of survey areas to inform magnitude of sampling error.

K. Request: Re-plot (a) the point set data and (b) the ratio data vs. pilot-estimated tons, but adjusting
the boat-based landed tons rather the pilot (observer) based biomass estimates.

Rationale: The data used for analysis should be adjusted landed tons to pilot total school biomass
estimates, as the goal is to quantify the relationship between the surveyor-based estimates of entire
school biomass and the estimates estimated using point sets, accounting for proportion captured.
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Response: The analysts adjusted to the data to reflect the recommendation of the panel. The panel
noted that 3 of the point sets were estimated to have caught only half of the observed school, while all
others were estimated to have caught at least 90% of the school. Since these two points represented
extreme outliers either in the ratio or both in estimated biomass and size of the residual, the panel
ultimately recommended removing them from the data set, leaving 26 data points. Figures 1 and 2,
which plot the remaining 26 data points, confirm the need to conduct a regression through the origin
and also that assuming constant coefficient of variation (CV) is not supported by the data. Constant
variance or a relationship between observer estimated biomass and variance that is intermediate
between constant variance and constant CV should be used when estimating the total variance of the
resultant biomass index or estimate. Appendix 3 [of panel report] outlines one method for estimating
the variance of biomass from the surveys.

The proponents will consider the approach outlined by the panel and will develop a revised variance
estimator to be applied to survey data.

L. Request: Estimate the extent of between-island variance in density

Rationale: The amount of between-islands variance in density is needed to estimate the variance of
density for unsampled areas.

Response: There was insufficient information from previous surveys to evaluate consistency in densities
among the island areas.

See comment for Request F.

M. Request: Provide synoptic, transect-specific acoustic data to compare with the aerial data.

Rationale: There is considerable variation among transects and the overall variance of any correction
factor depends on the variance of the ATM-based estimates of biomass.

Response: Dr. Juan Zwolinski (SWFSC) provided acoustic data for transects that overlap with the aerial
survey. However, direct comparisons are difficult to make because the aerial observations occur in the
upper 10 m while this represents a “dead zone” with no observations for the acoustic survey. Plots of
ATM density and aerial survey biomass for the transects surveyed during 2016 also confirmed that the
variation is very high.

Agreed, the two surveys are not sampling the same vertical areas, and application of this method for
estimating nearshore abundance based on the relative survey abundances from common horizontal
transects would be problematic. The only case where this would be valid would be if the vertical
distributions between aerial and acoustic surveys were the same for both offshore and inshore areas.
This assumption is currently unsupported and would require field studies to validate.
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APPENDICES
Appendix 1 - Detection Distance
Estimation of observer maximum detection distance

The aircraft’s point location is recorded at regular intervals as part of the automated flight data log.
ArcMap software was used to plot point locations that represent the aircraft’s flight path using the
latitude and longitude fields in the flight data log. The SCCPSS procedure is for the aircraft to fly a circle
around a school after the observer has made the initial detection so that photos of the school can be
acquired. Therefore, the point at which the flight path deviates off of the transect line to begin a circle
of the observed school can be used to estimate the location at which the observer detected the school.
The flight path point GIS feature classes for each survey date were visually inspected to determine the
point locations at which the aircraft deviated from the transect line. Then the FMC photos were
inspected to find the photo that captured an image of the fish school or group of schools closest to the
location from which the aircraft’s flight path deviated from the transect. A line feature was created in
GIS that connected the point at which the aircraft deviated from the flight path and the closest point at
which the school was observed. The ArcGIS “Calculate Geometry” functionality was used to determine
the length of this line in meters using the NAD 1983 California Teale Albers projected coordinate system.
Line length results were summarized and plotted to determine an estimate of maximum distance at
which the observer can detect a school. A value of 1200 meters was chosen as the estimate of the
observer’s maximum detection distance for all survey years for both altitudes that were flown for
coastal areas (Figures Al, A2). Note that these analyses could only be performed on observations that
could be paired with a point where it was obvious where the aircraft’s flight path deviated from the
transect.
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Figure Al. Numbers of fish observations (detections) plotted against distance from transect line for coastal surveys flown at
1500 feet altitude (beginning with Summer 2014 season).
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Figure A2. Numbers of fish observations (detections) plotted against distance from transect line for coastal surveys flown at
1000 feet altitude (Summer 2012 - Spring 2014 seasons).
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Appendix 2 — Area Surveyed
Determination of survey area used in relative abundance density values

The aircraft’s point location was recorded at regular intervals as part of the automated flight data log.
ArcMap software was used to plot point locations that represent the aircraft’s flight path for each
survey date using the latitude and longitude fields in the flight data log. The ArcGIS Points to Line tool
creates a linear representation of the flight path. Portions of the flight path line that represent travel to
and from a survey location as opposed to the actual survey transects were identified. Portions of the
flight path line that represent circling of schools to take photos are also identified. Segments of the flight
path line that represent survey transects (i.e., with transit and circling removed) were buffered by 1200
meters using the ArcGIS buffer tool to create an initial representation of area surveyed. A buffer
distance of 1200 meters was chosen since this is the estimate of observer’s maximum detection distance
determined from our detection distance analyses. The buffer was only applied to the right side of the
line due to the fact that the observer always observes out of the right side of the aircraft. The flight line
was then buffered by 166 meters (Summer 2014 to present) or 111 meters (Summer 2012 to Spring
2014) to account for the observer’s blind spot beneath the aircraft.

The blind spot buffer was then used to clip the blind spot area from the 1200 meter buffer. Next, the
ArcGIS Merge tool was used to aggregate all of the flight data lines that made up a survey period into
one feature class. There are occasional instances where the buffer of one day’s flight path overlaps
another day’s buffer. The ArcGlIS Dissolve tool is used to merge areas of overlap so that areas of overlap
are not double counted when calculating total area surveyed. Then the flight path area is clipped by a
coastline feature so that portions of the polygons that overlay land are removed. Finally, the ArcGIS
“Calculate Geometry” functionality is used to determine the survey area in km?.
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Appendix 3 — FMC Camera System

The following are excerpts from the Forward Motion Compensated camera system operations manual
from Aerial Imaging Solutions.

Aerial Imaging Solutions

Installation and Operation
Manual

FMC-1

Forward Motion Compensated
Aerial Camera System

Revised - July 2011

5 Miyrica Way, Old Lyme, CT 06371  info@ AerialImagingSolutions.com
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General Information

1.1 Introduction

In aerial photography from fixed wing aircraft, the subject is always moving in
relation to the camera. During vertical aerial photography, as the airplane moves
forward, the image inside the camera also moves forward at a speed that is

determined by:

IM = 1.69(V x FL}YH
Where:
IM = image motion in inches per second (ips),
V= ground velocity in knots (kts),
FL = the focal length of the camera lens in inches, and
H = the height of the aircraft above the ground in feet,

During exposure, this movement of the image causes blurring that reduces the
resolution of the photograph. |n order to achieve a desired image resolution, it is
necessary to limit the distance that the image moves during exposure to less
than the reciprocal of the desired resclution. For example, if the desired
resolution is 50 lines per millimeter (50 I'mmy), the image cannot move more than
1/50™ of a millimeter, or 0.00008", during exposure, without causing blur.

Under most circumstances, shutter speed alone cannot prevent blurring. Using
the relationship stated above, we can calculate the minimum shutter speed
required to reduce image motion to an acceptable level. For instance, when
flying at an altitude of 750 feet, at a speed of 100 kis, using an 85mm ({3.4") lens,
the image moves at a rate of {1.69 x 100 x 3.4)1000 = 0.766 ips. To limitthe
movement to less than 0.00008" will require a shutter speed of 0.00008/0.766 =
0.0001, or 1/10,000 sec. Higher resclutions will require proportionally higher

shutter speeds.

b2
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Clearly, some other method must be employed to solve the problem of image
blur in order to acquire high resolution aerial photos from fixed wing aircraft. The
FMC-1 provides the solution through forward motion compensation (FMC). With
FMC, the camera moves in the same direction and at the same speed as the
image during exposure. Thus, the image at the sensor remains stationary and

blurring is prevented.

1.2 System Overview

The tum-key FMC-1 aerial camera system comprises a Canon EOS digital
camera, a forward motion compensating mount and controller, a notebook
computer, a GPS receiver, an eyepiece video camera, a video capture adapter,

user software, and cables.

During operation, the mount moves the camera in the direction of flight to
eliminate image blur that would normally occur because of forward motion of the

aircraft while the shutter is open.

The mount and camera are connected to, and remotely controlled by, a program
running on the notebook computer. Flight and camera parameters entered by
the computer's operator determine the required forward motion compensation

(FMC) and camera firing interval.

The system receives data inputs from an external GPS receiver and the aircraft’s
radar altimeter, if available. Each time the camera fires, the system records the
time, camera frame number, position, altitude, and other pertinent information
gathered from the GPS receiver, radar altimeter, and operating software. This
information is stored in a database for easy retrieval and matching to the

acquired images.
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The eyepiece video camera is part of a remote viewfinder that displays the
picture seen through the camera's eyepiece on the computer screen, oron a
small monitor, to permit the computer operator to observe camera operation and

ensure successful coverage of sites.

Additionally, Canon’s EOS Utility software, running on the notebook computer,
may be used to remotely adjust the camera’s controls and download images to

the notebook computer,
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1.3 Description of Operation

A representative system, described in the preceding section, is shown here. This photo depicts the
interconnections among the various components of the FMC Mount System. Although it may appear
somewhat complex in the photo, it is
helpful to understand that the complete
system actually comprises three
independent subsystems — the FMC
Mount, the Eyepiece Camera, and the
Canon EQS Camera Utility. Each of
these will be treated separately in the
following sections.

This screenshot shows the three
programs that run simultanecusly on
the notebook computer. From right to
left, they are the Remote Viewfinder,
the FMC System program, and the
EQS Utility program.
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1.3.1 Minimum System — the FMC Mount System

The most important of these subsystems is the FMC Mount, consisting of the mount and camera, a

control unit, four cables, and a control program running on a notebook computer. This is all that is

required to shoot forward motion compensated aerial photographs.

Referring to the photo on the right,
the system is powered by 28 volts
DC applied to the Control Unit
through the Power Cable. When the
power switch on the Control Unit is
switched on, the Control Unit starts
up and power is applied to the
Mount. Flight data entered into the
Computer is used by the program to
calculate the amount of FMC and the
interval at which to fire the camera.

At the appropriate time, the program

sends an instruction to the Control
Unit, through the Computer Cable, telling it to fire the camera and the amount of FMC to apply. The
Control Unit forwards this infermation to the Mount, through the Mount Cable. When the Mount
receives the signal, it starts the camera rotating at FMC speed. When the camera reaches vertical,
the mount sends a shutter trip signal to the camera, through the Camera Cable. When the camera
fires, its external flash trigger sends a signal back to the Control Unit via the Camera Cable and
Mount Cable, indicating that the camera has fired. The Control Unit then signals the program that a
photo has been taken and the program logs the event and advances a frame counter on the screen.

Although not required for operation, a GPS or IMU w/GPS Unit may also be connected to the Control
Unit. If such a device is connected, information such as position, heading, and orientation will also be
logged when the camera fires and the information will be displayed on the computer screen.
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2.4 FMC Mount Program

The FMC Mount program controls the operation of the mount and records camera and flight

information to a log file each time the camera fires. It calculates the required amount of FMC and the
interval at which to fire the PR Mount Control System Yersien 5.1
camera based on camera

parameters that have been I
Ground Coverage

stored and the flight parameters

Lo T
entered by the camera operator. D EEEEJ ‘

Altitude

Camera operation may be
initiated eithar by clicking the on-
screen buttons or by pressing
various function keys. The
program also allows user
comments to be entered into the
log file. Additionally, it displays a
running count of the number of

frames that have been shot and

Preferances joh lospr projectshimodalalogs e ] Riecond: 141 RmcldLHodLl

the ground coverage and ground
resolution obtained at the entered altitude,

Note: As with any program running under windows, the FMC Mount program window must be
active fn order for the function keys to perform their desired functions. If you switch to
another window, be sure to click on the FMC Mount window when you have finished.
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