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Introduction:

The USA has undertaken annual acoustic surveys for Atlantic herring during the fall spawning season in Gulf of Maine/Georges Bank region since 1999. The main objective of these surveys was to document the location and abundance of pre-spawning and spawning fish (Overholtz et al., 2004). During the early years, multiple broad scale surveys were conducted to compare three survey designs; zigzag, parallel, and random. However, since 2003 the surveys have utilized a parallel transect approach to cover the area. Details of the surveys, analytical methodologies, and results for the period 1999 to 2002 are presented in Overholtz et al., (2004).

For the 2003 TRAC the acoustic survey data were used as an estimate of absolute abundance to scale the assessment model, rather than a relative index of abundance for the period 1999 to 2002. In doing so it was assumed that the length -Target Strength relationship adequately described the acoustic energy and the reflective properties of a fish. The approach taken was to estimate the number of fish from the total backscatter using 11 different published TS equations for herring and average the results to obtain an overall estimate of the number of observed herring. The number was then converted to an absolute weight by multiplying the mean weight by the number of fish. The results are presented in Table 7.5 of Overholtz et al. (2004).

There is continued debate on the pros and cons of using acoustic biomass estimates as estimates of relative or absolute abundance. Many countries and organization have found that the uncertainty associated with the conversion of the acoustic signal to biomass is so great that the best approach is to use it as a relative index. Unfortunately, real dilemma is what to do in the interim between the beginnings of the time series and when sufficient time has elapsed to make it a useful index of abundance. For the Georges Bank, seven years of surveying have now been completed in the series (multiple surveys annually) and the data provide a relative index of abundance for tuning/calibrating a VPA or other assessment model. The assumption of relative abundance removes much of the uncertainty related to absolute number and relies on the trends in abundance. There is far less dependency on getting the TS relationship correct as it is only used to scale the backscatter.

The purpose of this report is to utilize the available acoustic and biological data to apportion the total acoustic backscatter into size intervals consistent with the length frequency sampling. Once the backscatter has been apportioned it is then possible to estimate the number of individual herring per interval and apply an age-length key to obtain an estimate of the herring in each age group for each survey. Because the data are to be used as a relative index of abundance any of the TS-length equations can be used to scale the estimates. For this evaluation the Foote (1987) equation was used to convert backscatter to biomass. The age disaggregated backscatter was then made available as input for the assessment models.

Methods

Although the time series contains multiple surveys annually for a variety of designs, only the parallel transect design was employed each year from 1999 to 2005. In years where more than one parallel survey was undertaken, the survey that produced the highest backscatter was used for the analysis. All data were provided by the USA National Marine Fisheries Service.

The initial step in the apportioning process was to gather the necessary data into a single spreadsheet for each year of the analysis. Information requirements included;

· The nautical area scattering coefficient (NASC) for each survey to be analyzed.

· Annual survey area of coverage in square nautical miles.

· Length frequency of herring samples

Table 1.  Summary of the acoustic surveys selected to age disaggregate the backscatter for use as an index of abundance in the 2006 TRAC assessment models. Note mean length is fork length as measured at sea.

	Year
	Date


	Area

(nm2)
	Mean 

Length(cm)
	Mean 

NASC
	Abundance

(Millions)
	Biomass

(tonnes)

	1999
	
	6109
	24.64
	1036.23
	10,173
	1,419,416

	2000
	
	4376
	24.91
	1824.41
	12,550
	1,862,166

	2001
	
	6406
	24.44
	1822.76
	19,014
	2,489,517

	2002
	
	7659
	24.82
	567.00
	6,891
	926,606

	2003
	
	8011
	25.03
	501.47
	6,237
	902,115

	2004
	
	4151
	24.47
	363.84
	2,440
	328,368

	2005
	
	8782
	25.81
	223.56
	2,878
	423,493


One confounding issue for Atlantic herring collected during groundfish surveys is that length is measured as fork length (cm) rather than the international standard of total length. Therefore in order to use any of the published TS equations it was necessary to convert to total length. In this case all length intervals were multiplied by 1.103 to estimate total length. The estimated weight of the size intervals remained unchanged and was based on the fork length/weight relationship. 

Estimation of TS for a size interval based on the total length plus 0.5 cm (adjust to the mid-point of the size interval) using the Foote(1983) equation :


TSinterval = 20 Log (total length adjusted) -71.9 

The total area backscattering coefficient (SA) was then apportioned to each size interval as follows;


Sa (interval) =  10 Log10(TS(individual) * LF/Sum(LF * TS)* SAtotal).

And the number of fish per 1 cm length interval estimated: 


Number of fish  = 10^(Sainterval-TSindividual/10) * survey area (m2).
Note Sa interval and TS individual are in dB’s.

Once the number of fish was estimated, an age length key was applied and the number of herring by age determined for each of the selected surveys.

Results:

The results of the above computations are presented Table 2 for number of fish (1000’s) and Table 3 for weight of fish (t). Age frequency distributions for each year from 1999 to 2005 are presented in Figure 2. Several year classes including the 1994 and 1998 year-classes can be tracked throughout the time series.

Table 2.  Summary of the age disaggregated acoustic survey index in numbers (1000’s) for the parallel surveys on Georges Bank from 1999 to 2005.

[image: image1.emf]Number (1000's) Age

Year 2 3 4 5 6 7 8 9 10 11 12+ Total

1999 396996 1574154 3169063 2852840 1148664 751811 272670 7088 0 0 0 10173287

2000 745322 1184181 3515902 3407058 2393006 762688 392418 149959 0 0 0 12550535

2001 2229 1648931 4715345 3473356 2358007 2544317 2099332 907891 929186 257069 78424 19014085

2002 34459 133639 1328702 2245329 1337802 794214 577969 296100 134146 8609 0 6890969

2003 28 711488 783240 1243651 1192741 960024 537030 360431 382104 58980 7604 6237320

2004 0 295714 390259 363416 342116 335316 225448 134600 129902 75791 147962 2440523

2005 0 30643 365333 365207 575478 619295 453098 224101 155379 77544 12098 2878174


Table 3. Summary of the age disaggregated acoustic survey index in weight (tonnes) for the parallel surveys on Georges Bank from 1999 to 2005.

[image: image2.emf]Weight(t)  Age

Year 2 3 4 5 6 7 8 9 10 11 12+ Total

1999 31939 157593 396882 422855 204835 145404 58266 1641 0 0 0 1419416

2000 64179 135265 475802 531569 403491 143808 77504 30548 0 0 0 1862166

2001 64 120299 453773 440556 332563 378844 348794 170767 176213 51535 16109 2489517

2002 1135 8737 135599 278618 195271 126586 97577 54254 27059 1769 0 926606

2003 1 51777 83593 171669 178867 157653 98747 70361 74484 13178 1785 902115

2004 0 15256 38255 47224 50016 48604 38368 25087 24175 14537 26846 328368

2005 0 4509 53755 53736 84675 91123 66669 32974 22862 11410 1780 423493


Summary:


The backscatter from the USA fall acoustic surveys was apportioned into 1cm size intervals. The number of herring per interval was determined as a function of the frequency and the TS associated with the interval.  It is important to note that the choice of TS equations when considering the index as a relative estimate of abundance acts to scale the estimate, but results in the same trends. A NMFS age length key was applied to estimate the number and weight of herring by age. These data were used as input to the assessment model(s).
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Figure 1:  Age frequency distribution (in 1000’s) for selected fall acoustic surveys on Georges Bank and the Gulf of Maine. 
























