COOPERATIVE MULTI-SPECIES
SURVEYS IN THE ALEUTIAN ISLANDS

Steven J. Barbeaux’, Dave Fraser’, Lowell Fritz', and Elizabeth Logerwell’
‘Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA, 7600 Sand Point Way N.E.,
Seattle, Washington 98115, steve.barbeaux@noaa.gov
‘IMARIBA West Fisheries Consulting, Adak AK 99564, USA

Tegend ' 2008 Survey 4
- %  Port of Adak , b ﬁ
,_b__‘__.-E’EtFE_'-BZE}‘ﬁk"" A D Y 2V 1000 M isobath
' 4P W-SSL Critical Habitat
52°0'0"N Pollock Habitat (50 - 350 M)
"""""" B Outside W-SSL Critical Habitat
i Inside W-SSL Critical Habitat
T e
AP, S
_ .-*i.inf%."éi&’ﬂf;:" AN
| RS i% I,.n"ﬁ&h\_ﬂ :
x'\*‘:! e N R 1 [ | PR T S
0 125 250 500 Kilometers POP/Pollock Mix
7 50°0'0"N1 | | | | | | ! | | /
. . . . * Pollock
178°0'0"W 176°0'0"W 174°0'0"W 172°0'0"W

A R — o Z

Abstract Background Other Relevent Issues

The development of multi-species cooperative acoustic surveys in the To address W-SSL sea lion concerns and allow a limited winter pollock fishery e Pollock fishing in the Aleutian Islands is primarily conducted in the late
Aleutian Islands is described. in Alaska, commercial fisheries have been in the Central Aleutian Islands the Aleut Corporation proposed an alternative winter or early spring when the price of pollock is high due to roe
implicated in the slow recovery of the endangered Western stock of Steller management system. content and pollock are in dense pre-spawning aggregations.

sea lions (Eumetopias jubatus; W-SSL). To address this issue the Aleutian e Small spatial and temporal scale acoustic surveys of pelagic fish would e Pollock are often mixed with Pacific ocean perch (Sebastes alutus; POP)
Islands walleye pollock (Gadus chalcogrammus; pollock) fishery was closed be conducted by commercial fishing vessels prior to a fishing season. and cannot be easily discerned from one another using acoustic means
in 1999. Although the fishery was reopened in 2005 to accommodate an e These survey estimates would be used to set local and temporally limited and both are prey for W-SSL.

economically struggling Aleutian Island community, W-SSL critical habitat in multi-species groundfish quotas. The proposed system would not alter e Under current regulations trawling would not be allowed inside W-SSL
the Aleutian Islands remained closed to pollock fishing. In 2006 through current annual groundfish stock-specific quotas. critical habitat prior to evaluating whether fishing would adversely
2008 Alaska Fisheries Science Center (AFSC) fishery biologists in conjunction impact local W-SSL foraging success.

with the Aleut Corporation(an Alaska Native corporation) and local fishers For this system to be technically viable: e Due to its remoteness (1930 km southwest of Anchorage, Alaska) and
conducted small-scale multi-species cooperative acoustic surveys in the e commercial fishing vessels must be able to collect high-quality acoustic poor weather conditions, no winter survey effort had been conducted
Aleutian Islands. The surveys were meant to provide spatially and temporally data during late February to late March when high winds and rough sea in the Central Aleutian Islands. However, there is a groundfish observer
relevant estimates of groundfish biomass for setting catch limits inside states prevail, program which collects size and species composition data (Cahalan et
W-SSL critical habitat. The surveys were designed by the AFSC biologists, e pelagic fish biomass in the proposed fishing zone must remain stable al. 2010).

but conducted by fishers on board fishing vessels using scientifically for the duration of the fishery or the seasonal fluctuation in biomass

calibrated echosounders. Biological data collected from the concurrent be consistent and understood, and

fishery were used to characterize acoustic backscatter. This paper discusses e uncertainty and potential bias in the pelagic fish biomass estimates

the development of these surveys, the technical feasibility of conducting must be understood and taken into account when setting the area-

scientific grade surveys aboard fishing vessels, using fishery data to specific multi-species biomass quota.

supplement acoustic surveys, and evaluates the uncertainty around
the estimates.

Walleye pollock (Gadus chalcogrammus) Pacific ocean.perch (Sebastes alutus)
Data Collection Vessel Effects on Acoustic Data Quality Modeling Uncertainty
FV Muir Milach Self radiated noise testing Expanded uncertainty analysis
e 23 m fixed-pitch propeller driven stern trawler. e Acoustic system set to receive only. e Simulation of 2007 and 2008 survey data using alternative calibration, size, and target
e Hull mounted SIMRAD 38kHz ES-60 echosounder. * Engine speed increased incrementally until max. strength to length distributions to quantify survey uncertainty.
e TVG and absorption removed from data.
RV Oscar Dyson * Noise level simulated by adding expected TVG and absorption at 500 m to reference noise. e Calibration uncertainty was the averaged imprecision from on-axis calibrations.
e 63.6 m noise-quieted research vessel. * RPMs with noise at £ -80 set as max survey engine speed.
e SIMRAD 18 kHz, 38 kHz, 70 kHz, 120 kHz, and 220 kHz EK-60 echosounders. e 2005-2014 Aleutian Islands winter POP and pollock size composition data from
| | | | commercial catch used to estimate distribution functions for inter-annual variability in
2006 Study fish size.
e Six parallel acoustic surveys between 174.3° W and 175.3° W longitude on the north side c 7 l i [ e spocd (om
of the Aleutian Islands chain 21 February to 21 March. = el Wﬂ ”\ “]‘ ' | Funnoon e Literature search used to develop distribution functions for uncertainty in both pollock
e i 800 ' '
* 3at1.5nmi, 2 at 1.0 nmi, and 1 at 0.5 nmi inter-transect spacing by FV Muir Milach. 3 Ay [l.nu‘rmﬁ.i' 1 Y p— and POP target strength to length relationships.
8 -%0- ' - — e Pollock —TS=20log(L)-66 (SE=0.6)(Traynor and Williamson 1983)
2007 and 2008 Studies = 1600 e POP — No relationship established
=100 = .
e Two 2.5 nmi spaced parallel acoustic surveys between 172° W and 179° W longitude 10 compehng Sepastes models
north side of the Aleutian Islands each year. ; i o o 1 generic physoclist model (Foote 1987).
e 2007 FV Muir Milach. Seconds
e 2008 RV Oscar Dyson and FV Muir Milach. _ o . _ * Fixed block-bootstrap method used to assess variability in uncertainty estimates due to
Results of self-noise test showing increases in noise level (SvdB re Im™ at non-uniform fish distribution and the sampling frame.
All Years 500 m) with engine speed. The dotted line at -80 d Bis the 10:1 signal to noise
 Verification trawls as needed to identify acoustic sign and obtain size composition data. ratio at 500 m. . ﬁf“ alternative distribuirion'functions sampled and fixed bloFk—bootstrap repeated 10,000
» Temperature, oxygen, and conductivity at depth were collected throughout area. o times to explore contribution of error type to total uncertainty.
e Data processed in Echoview (V3.1; Myraix) to 0.5 nmi EDSU, 0.5 m from bottom to 15 m Missing samples
from transducer face. e Missing acoustic sample defined as deviations in transmit pulse Sv (dB re 1 m™) greater 2007 Survey | 2007 Survey 2 2008 Survey 3 2008 Survey 4
than 1% of the survey mean. 30 - ° s |
- e Logit generalized linear model used to quantify the relationship among vessels, vessel % . g © o i
@i, 2007 Survey 1 speed, weather condition, and proportion of missing samples per day. s I g i i
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*, .. 15 383 t Maximum daily wind speed (kn) components. Of the components investigated spatial uncertainty was the
o‘b.. e, ..... oo dtee .. ’ Results f CLM losit models £ dicted probability of missi | largest contributor to overall survey uncertainty in all four full surveys,
e N L. "0 e .0 0" ®.. €SUILS rom LLALI0EIL MOAELs 101 predicted probablity OLIISSING Samples followed by imprecision in the target strength to length models, then
o &G S5 e Qe by dominant daily wind quarter and maximum daily wind speed.

calibration imprecision, and finally, inter-annual variability in size
composition.

Inter-transect Distance

Relative estimation error and cost analysis
e 2006 survey results used to create simulated distributions at 0.1 nmi resolution through
inverse distance weighting (IDW).

e All alternative distribution functions sampled with fixed block-bootstrap repeated 10,000

-.. 2008 Survey 3 e At resolutions from 0.5 to 5 nmi simulations sampled at 10 random start points. tllcn;_es over thz full ra?g-e t(O toﬁl.O)tof follock_proporhon_gy number to explore sensitivity
< '$ <o0 34,614 t e 1-d geostatistical (Petitgas 1993) and fixed block-bootstrap (Hall et al. 1995;Politis and G RICITlass ant ENSSELQITIRY. Eotiifiates (O SPELIES COMPOSIEIDIN,
A @'/ ) ‘e, :t:,.'.'.-.,.'-!o-i. . .o White 2004) methods used to estimate spatial variability.
P 0 e, @0 ..."’ o e Cost in sampling days calculated for each simulated survey using average speed during 2007 Survey 1 2007 Survey 2
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e Repeated calibration with a 38.1mm diameter tungsten carbide calibration sphere are the survey estimated proportion of pollock.
(Foote et al. 1987) over duration of study. In_season Biomass Stability
2007 Survey 1 2007 Survey 2 2008 Survey 3 2008 Survey 4
Cummulative biomass distribution : : :
e Visual assessment using cumulative plots. g i 5 g 5 8 i 8 f 100% POP
~2.05 - e Kolmogorov-Smirnov goodness of fit tests (K-S test; Zar 1999) of cumulative distributions " g : - ' g C g
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acoustic system over the three- year study period with mean standard
deviation over all surveys of 0.0367dB.

Cumulative biomass estimates from west to east in the four 2007 and 2008

surveys, showing an eastward shift in biomass in the later surveys for both

years. K-S tests showed significant differences between surveys 2 and 3 and
3 and 4 (p-value <0.05) and substantial difference between surveys 1 and 4
(p-value < 0.1)

Distribution for (top) 100% POP (middle) survey estimate proportions
(dashed lines above), and (bottom) 100% pollock from expanded
uncertainty model. Red lines are survey estimates, blue dashed-dot are the
median of the distribution and dotted lines are the 95% credible intervals.

Conclusions Inter-transect Distance Modeling Uncertainty
Data Quality Simulation using IDW and resampling allows ~ The expanded uncertainty model provided

High quality acoustic data can be collected for optimization of inter-transect spacing an improved overall understanding of
from commercial fishing vessels using for relative estimation error and costs. survey uncertainty and its contributors.
commercial acoustic systems. : - e The size composition data from the fishery
e Multiple sphere calibrations over three years In-season Biomass Stability positively biased simulations as mean pollock
show consistent measurements. Fish abundance in the Central Aleutian lengths from the fishery were larger.
e \/essel self noise test shows above 10:1 signal : _ -  |ncreasing proportions of POP led to both a
to noise ratio at 1200 RMP (4-8 knots) with a lSIan_ds was ,mtr? ann,ual,ly consistent but higher biomass estimate and higher uncertainty.
70 dB threshold. spatial distribution within the survey area
e There was adequate data quality (< 10% was not. Further Considerations
missing samples per 0.5 nmi EDSU) for survey e Although fish moved within the study area * For the proposed management system to work,
needs at under 30 knot daily maximum wind between surveys the biomass remained stable a better understanding of the seasonal fish
speeds for all wind directions. Overall 4% within a year with inter- and intra-annually migration will be necessary.

missed samples on FV Muir Milach. consistent areas of higher density. e We did not assess acoustic detection probability

and therefore assumed 1.0. Given the steep
topography this is likely higher than reality.

For setting a local quota assuming a detection
probability of 1.0 would provide lowest estimate.

' % pollock al duced
e An assumption of 100% pollock always produce
The recommendations and general content presented in this poster do not necessarily represent the views or position of the 5 .
Department of Commerce, the National Oceanic and Atmospheric Administration, or the National Marine Fisheries Service. th e IoweSt b I O ma SS eStI mate.
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