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The purpose of this Exempted Fishing Permit (EFP) request is to obtain approval to 
utilize the portion of sardine quota (1200 mt), which the Pacific Fishery Management 
Council has set-aside for sardine research in 2009, to improve upon and continue the 
aerial sardine survey work started on a pilot scale in 2008. 

In 2008, the Northwest Sardine Survey LLC (NWSS), a consortium of the Northwest 
Sardine Industry, conducted a “proof of concept” project to determine if high quality, 
quantitative digital aerial imagery could be collected and processed on a scale large 
enough and rapidly enough for a practical fisheries stock assessment application – 
namely the in-season enumeration and measurement of sardine schools (Wespestad et al. 
2008).  The project was successful in this endeavor.  In approximately one month’s time 
(from late August through late September 2008), over 2000 images were processed by 
one scientific technician, who discerned and individually measured the surface area of 
over 3000 sardine schools.  Furthermore, every school selected and measured on the 
digital images was documented and archived to allow for subsequent examination and 
review by other observers. 

While aerial counts of school number and measurements of school cover (m2) as 
collected in 2008 are recognized as useful metrics to begin to develop an index of 
abundance extending over a period of years for the sardine stock, a direct point estimate 
of biomass is also desired to more quickly characterize the stock status.  Our initial work 
has shown that point sets, coupled with quantitative digital imagery, are a promising 
method to establish the relationship between sardine cover (m2) and biomass (mt) for this 
purpose.

Sampling limitations in 2008, however, resulted in too few samples to quantify this 
relationship with good accuracy or precision. A research set-aside of sardine quota was 
not available in 2008 and it was necessary to conduct research sampling opportunistically 
during the fishery.  As a result, short and intense fishing periods and poor weather 
conditions limited our ability to fully test the methodology in our pilot project year. 

The objective of this EFP request is to provide an opportunity to collect the data needed 
to improve our quantification of sardine school density under more controlled conditions 
and in a directed manor -- separate from the open period of the fishery.  The survey 
design to be employed in 2009 largely follows the plan developed and executed 
successfully in 2008.  The primary differences in 2009 will be 1) the opportunity to make 
use of the portion of the sardine quota explicitly set-aside for research (1200 mt), to 
obtain better estimates of sardine school density than could otherwise be obtained during 
the directed fishery, 2) to extend the coverage of the survey to both the north and the 
south along the Pacific Coast. 



Materials and Methods 

Biological Sampling

As in 2008, samples will be routinely collected from vessels delivering at fish processing 
plants.  Fishermen will keep observed research hauls (point sets) separate from the bulk 
of landings so total tonnage of observed hauls may be determined.  Port sampling will be 
conducted opportunistically throughout the open fishing periods, and additionally during 
the EFP set-aside opening for research.   Samples will be collected from unsorted catch 
while being pumped from the vessel.   Fish will be taken at the start, middle, and end of a 
delivery as it is pumped.  The three samples will then be combined and a random 
subsample of fish will be processed. 

Length, weight, and maturity over the course of the season are of primary interest.  
Sardine weights will be taken using an electronic scale accurate to 0.5 gm. Sardine 
lengths will be taken using a millimeter length strip provided attached to a measuring 
board. Standard length will be determined by measuring from sardine snout to the last 
vertebrae.  Random otolith samples will also be taken for aging analysis. Sardine 
maturity will be established by referencing maturity codes (female- 4 point scale, male- 3 
point scale) supplied by Beverly Macewicz NMFS, SWFSC (Wespestad et al 2008, Table 
1a).

Aerial Survey 

Survey design 

As in 2008, our survey will employ the belt transect method using a systematic sampling 
design, with each transect a single sampling unit (Elzinga et al 2001).  From a random 
starting point, parallel transects will be conducted in an east-west orientation, generally 
parallel to the gradient of sardine schools distributed along the coast.  To fully encompass 
the expected width of the sardine school distribution transects will originate at the 
shoreline and will extended westward for 35 miles but possibly further offshore to the 
south.  Transects will be spaced 10 miles apart.  In 2008, 10 parallel transects were 
sampled off the coast of Washington-Oregon with three replicate surveys.  The intention 
of NWSS for 2009 is to expand the spatial coverage of the survey northward (to the 
Canadian border), and southward (to the Northern California border) from the area 
covered in 2008.

Considerable effort was expended in 2008 by NWSS to establish and validate the 
quantitative aerial survey methodology by conducting a proof of concept study in the 
Northwest (Wespestad et al. 2008); however, the technique has not been validated for the 
waters off California.  If it can be demonstrated that the same methods used by NWSS in 
the Northwest in 2008 can be implemented in California, the NWSS welcomes a 
collaboration to extend the spatial coverage of the survey southward from the Northern 
California border to the Monterey Bay area.  Such a southward extension of the survey 
would benefit the project considerably by allowing for a single coordinated synoptic 
survey effort that would extend from Cape Flattery to Monterey Bay. 
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single beam transducers.  This configuration will allow for recording of the water column 
under the ship.  Our objectives in 2009 are: 1) to record school vertical dimensions prior 
to taking a purse seine set, and 2) to run portions of transects with the aerial survey to 
estimate the portion of sardine schools unobserved from the air. 

As in 2008, echo sign will again be recorded continually throughout the season; however, 
in 2009, a directed effort will also be made during the EFP portion of the fishery to 
collect paired echo sign and aerial survey observations. 

EFP Purse Seine Vessel Selection and On-Board Observation 

Our priorities for selecting vessels to participate under this EFP will include: 1) vessels 
having demonstrated a previous successful involvement in the survey, 2) vessels which 
have installed the necessary electronic equipment or have the capacity to install this 
equipment, and 3) vessels having the ability to separate the point sets into different 
hatches.  It must also be understood that we have limited funds for this project so it will 
be necessary that any vessel selected will have to work basically at cost. 

At sea observation of point sets may be accomplished by volunteer observers from state 
or federal agencies, or from paid observers if funding permits.  Alternatively, it may be 
preferable to obtain independent verification of the point set data via videotaping or other 
electronic methods. This will be further discussed at the STAR Panel meeting in May. 

Disposition of fish harvested under the EFP 

Fish harvested under this EFP will be sold to fund the sardine research described above.  
Participating processors will be identified prior to any fish deliveries made under this 
EFP, and they will process the fish at cost.  Fish Tickets will be tabulated to verify that 
the sardine harvested under the EFP do not exceed the amount of harvest allocated for the 
research set-aside, and that the amounts harvested correspond to the total of the amounts 
harvested while conducting the point set research. 

Budget

Funds derived from the capture and sale of the 1200 mt sardine research set-aside will be 
used to pay for the research to be conducted under this proposed EFP.  The costs of the 
project will be paid for by the sale of the fish captured during the point sets. Fishing 
vessels will be chartered to catch the sardines and conduct echo soundings of fish 
schools. Participating processors will not profit on the sale of the EFP sardine quota; 
rather, they will process the fish at cost. Airplanes conducting the surveys and assisting in 
point set captures will work under hourly rates.  Equipment needs, operational costs and 
scientific support will also be subtracted from the sale of the 1200 mt research quota. We 
anticipate the revenue from the fish sales will be sufficient to cover the costs to capture, 
process, and conduct the survey.



Conclusion

In summary, the proposed EFP will contribute substantially toward improving the data 
available to assess the sardine stock for management on the Pacific Coast. Building on 
the successful pilot survey work conducted in the Northwest in 2008, the EFP in 2009 
will enable us to obtain critical information needed to convert aerial survey 
measurements of sardine school surface area into estimates of sardine biomass.  Our 
efforts to accomplish this in 2008 were hampered without a set-aside of sardine OY for 
research.  The research set-aside of OY under the EFP will provide a reliable source of 
funds and will allow us to conduct our work in a controlled, methodical manor, separate 
from the race for fish which ensues during the open access fishery.  This will enable us to 
obtain a larger and more representative sample of point-sets to more precisely and 
accurately estimate sardine school density – an important parameter needed for sardine 
biomass estimation using the aerial survey method.  If the methods applied in the 
Northwest in 2008 by NWSS can also be implemented in California  we also welcome 
the opportunity to extend the survey southward to include Monterey Bay and nearby 
areas. 

Literature Cited 

Cochran, W.G.  1977.  Sampling Techniques (3rd edition). John Wiley, New York, NY, 
USA. 

Elzinga, C. L, D. W. Salzer, J. W. Willoughby, and J. P. Gibbs. 2001.  Monitoring Plant 
and Animal Populations. Blackwell Science, Inc., Maiden, MA. 

Stehman, S. and D. Salzer.  2000.  Estimating Density from Surveys Employing Unequal-
Area Belt Transects. Wetlands. Vol. 20, No. 3, pp. 512-519. The Society of Wetland 
Scientists, McLean, VA. 

Thompson, S.K.  1992.  Sampling. John Wiley, New York, NY, USA. 

Wespestad, V., Jagielo, T. and R. Howe. 2008.  The Feasibility Of Using An Aerial 
Survey To Determine Sardine Abundance Off The Washington-Oregon Coast In 
Conjunction With Fishing Vessel Observation Of Surveyed Schools And Shoals.  Report 
Prepared For: Northwest Sardine Survey, LLC. 12 Bellwether Way, Suite 209, 
Bellingham, WA  98225. 


