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By U.S. Vessels Fishing in the U.S./Canada Area on Georges Bank
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Introduction

Amendment 13 incorporated the U.S./Canada Resource Sharing Understanding into management of the northeast multispecies fishery. Regulations implementing Amendment 13 include a hard total allowable catch (TAC) for catches of GB cod and haddock (statistical areas 561 and 562) and GB yellowtail flounder (statistical areas 522, 525, 561, and 562). Catches (kept and discarded) of these species by U.S. vessels are monitored through daily vessel reports and also through observer reports that are submitted at the end of trips to the area. In order to reduce the risk that the TACs will be exceeded, this daily vessel and observer reports are used to develop in-season estimates of total catch. In this paper we examine the discard estimation method used in FY-2004 (prior to January 2005) to estimate yellowtail flounder catches in the CAII yellowtail flounder SAP and also in the Western US/CA Area. This examination was limited to the period May 1 through November 30 based on access to observer data and changes in the methods used to estimate discards. This review suggests that the method initially used in FY 2004 may not provide the best estimate of discards. Several alternative approaches were applied to observer data in the CAII Yellowtail Flounder SAP for comparison. These alternatives suggest that the method used in FY 2004 to estimate discards in this SAP likely over-estimated actual discards in the CAII Yellowtail Flounder SAP. The impact on the Western US/CA area estimates is uncertain. An alternative method is recommended for FY 2005.

Catch Estimation Method Used in FY-2004

Several methods were used to estimate discards in the U.S./CA area during FY 2004. The initial method used in FY 2004 to develop in-season estimates of U.S. catch in the U.S./CA area were described by Caless and Wang (2004).  Two different catch figures were devised. The first was based on kept catch and reported discards as reported by vessel operators through the Vessel Monitoring System (VMS). Vessels are required to report this catch on a daily basis for cod, haddock, and yellowtail flounder. The information is also collected based on the declared area fished by the vessel. There were four different areas: The CAII yellowtail flounder SAP area, the Western US/CA area (SAs 522 and 525), the Eastern US/CA area outside of the SAP area (SAs 561 and 562), and the Eastern US/CA area and the SAP area. Since there is no way to confirm self-reported catch data – in particular, for discarded catch - there is a possibility of misreporting.

Catch is also estimated by using information from onboard scientific observers. The average ratio of discard to kept catch is calculated for each observed trip using observer-reported data. Using all observed trips during the five weeks leading up to a given U.S./CA trip, the average of these ratios is used to create an average discard ratio for each of the three species and four declared areas. The use of five weeks of data before each trip was intended to reduce the variation of estimates due to small sample sizes and unknown seasonal variations. As described by Caless and Wang, the discard estimator can be represented by:

Equation 1
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estimated discard or each US/CA trip

i=       
observed trip i

N=
count of observed trips during the last five weeks before each US/CA trip

Do=
observed discard 

Ko=
observed kept catch 

Kv=
reported kept catch of each US/CA trip

According to NERO (pers. comm.), for those trips that discarded yellowtail flounder but did not have any retained catch, the ratio was set at zero. For trips that took place before an area was open for five weeks, the observed trips that took place prior to the unobserved trip were used. According to NERO (pers. comm.), this method was used until January 14, 2005. At that time the discard estimation method was revised. Instead of the “rolling” average D/K ratio that was calculated based on a moving five-week time window, estimates after that date were based on the sum of discarded catch divided by the sum of kept catch. During periods when catch of yellowtail flounder was prohibited, NERO calculated an average discard per trip and multiplied that by the number of trips.

In simple terms, the initial method applies the mean of the discard/kept ratio on observed trips to the reported kept catch on unobserved trips to estimate total kept catch. Only observed trips were used that occurred in the five weeks prior to an unobserved trip. Discard estimates that were published by NMFS at http://www.nero.noaa.gov/ro/fso/usc/yellowtail.pdf  during the SAP are reproduced as enclosure (1). 

The estimated discards of yellowtail flounder in the CAII Yellowtail Flounder SAP were 7% of kept catch in June, 13% of kept catch in July, and 4% of kept catch in August. For the season, discards in the SAP were estimated to be were estimated to be 9% of the kept catch.

Methodological Concerns

The focus of this paper is on a review of the initial method used to estimate discards, as described by Caless and Wang (2004). During the discussion that follows, this method is referred to as either an “average rate estimator” or as “the initial method.”

A literature review identified concerns with many discard estimation techniques that may be informative for this problem. Hay et al. (1999) examined several bycatch estimation methods for the British Columbia shrimp fishery, including an estimate based on the ratio of the catch of bycatch species (eulachons) to shrimp on each tow. The average of the observed ratios in an area was then multiplied by the total catch to develop a discard estimate. They concluded that “Simply put, the analysis shows that bycatch estimates based on the means of individual tows over-estimate the catch of non-target species.” Possible reasons suggested for this result included the possibility that fishermen diminish effort in poor areas and focus on areas with the highest yield. “Unless observed fishing effort is exactly proportional to total fishing effort, analyses based on estimates of means from observed tows will probably be biased.” They also noted that short-duration tows with little catch but high discard to kept ratios are given equal weight in this method with longer tows or tows with more catch, and conclude that a rate estimate is more appropriate. 

Allain et al (2003) used several techniques to estimate discards in a French deep-water trawl fishery. Their results supported the conclusion of Hay et al (2003) that using the average of the D/K ratio for individual trawls over-estimated discards when compared to a pooled estimate. They also expressed concern about the pooled approach in their study, primarily due to the low level of sampling (a coverage of only 0.13 percent).  The average D/K rate can be substantially influenced by a few outliers and does not necessarily provide a useful measure of central tendency when the distribution of observed rates is highly skewed. In particular, using an average D/K ratio treats each trip equally in the averaging process, which is not appropriate if, for example, one trip had a low total catch but a high ratio of discard to kept catch. Such an observation would have an undue impact on the average but would not have a large effect on a ratio estimator that is based on the total pounds discarded/total pounds kept during the sampling frame.  The average rate estimate also has higher variance than the ratio estimator (Brodziak 1991). 

Problems with the average rate estimate were also noted in estimates of finfish bycatch in the South Atlantic shrimp trawl fishery. Diamond (2003) conducted a simulation study to compare five estimation procedures used to estimate discards of fish in the shrimp trawl fishery. These five methods were: (1) mean fish catch per unit of effort (trip); (2) mean of individual fish to shrimp ratios;(3) ratio of mean fish catch to mean shrimp catch; (4) the mean of the ratios of fish catch per time fished; and (5) the ratio of mean fish catch per mean time fished. The second method is similar to the approach used in the U.S/ CA area in FY 2004. Diamond reported that these five methods yielded extremely different results with no discernible pattern in the estimates by method, geographic region, or species. Diamond also applied these methods to simulated catch data. Only the mean per unit estimator produced statistically unbiased estimates, while all other methods tended to overestimate bycatch in the simulated data sets.  The mean of the individual fish to shrimp ratios gave the most biased estimates (method (2), similar to the method used in FY 2004). The ratio of total fish bycatch to total shrimp catch performed better but still gave moderately biased results.

Rochet and Trenkel (2005) reviewed the literature on various discard assumptions and their influence on discard estimates. The use of an average D/K ratio to estimate discards assumes that there is a proportional relationship between discards and kept catch. One assumption they commonly found is that discards are proportional to the kept or total catch. They report that every time this assumption is examined it has been found invalid. In some cases discards were not proportional to landed catch. In others, the variability was so great as to make any attempt to determine average rates futile. As discussed below, the assumption that there is a proportional relationship between discards and kept catch may be valid for some fisheries in the US/CA area and not for others. In particular, it is recommended that the validity of the assumption of proportionality be investigated wherever possible.

Spatial heterogeneity in discarding may also be an important consideration for use of an average rate estimator. The D/K ratio is calculated based on management areas (Western US/CA area, Eastern US/CA area, and the CAII Yellowtail Flounder SAP). While the SAP area is a relatively homogenous area in terms of environmental characteristics, the Western and Eastern US/CA areas cover a wide range of depths and bottom types. Calculating one D/K ratio within these areas may introduce additional variability in the estimates since there may be distinct differences in catches for trips in different areas.

Accounting for observed catches that are entirely discarded is another potential concern for use of an average D/K rate estimator. If there is no kept catch on an observed trip, the D/K ratio is undefined. For these trips the D/K ratio was assumed to be 0 and included in the averaging. This could under-estimate discards if there are a number of trips without any kept catch. In addition, if the ratio is applied to each trip, if there isn’t any kept catch on a trip there is no way to estimate discards for that trip (the ratio applied to 0 kept catch gives 0 discards).

It is possible, though unlikely, that there may not be any observed trips over a five-week period. In this case there is no information with which to estimate discards on unobserved trips. Another scenario that was observed is that because retention of yellowtail flounder was prohibited during part of the fishing year, there was an extended period without any yellowtail flounder kept on observed trips. As a result, the average D/K ratio degrades to 0 and the method used does not provide any reliable information on the amount of discards.

In addition, the average rate method as described does not differentiate between type of gear. This was not an issue in FY 2004, since most groundfish fishing in the SAs 522, 525, 561, and 562 was by trawl vessels. In the future, however, there is interest in developing longline and gillnet fisheries in this area to target haddock and it may be necessary to estimate discards separately for each gear.

Last, the average rate method is not consistent with the ratio of means discard estimation approach that is used for yellowtail flounder assessments (C. Legault, pers. comm.). In this approach, discard is estimated as kept catch times the ratio of the sum of observed discarded catch to the sum of observed  kept catch

Equation 2
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An example of how discards were estimated for Georges Bank yellowtail flounder using logbook data in 2003 is shown below.

	Georges Bank Yellowtail Flounder 2003
	
	
	
	

	
	
	
	
	
	
	
	

	Calculation of discards
	
	
	
	
	

	logbook (VTR) d/k ratios used
	(mt)
	(mt)
	
	Landings
	Discards

	Gear
	Half
	Trips
	Kept
	Disc
	d/k
	(mt)
	(mt)

	Trawl
	1
	128
	397.189
	3.921
	0.010
	2091.9
	20.7

	
	2
	18
	36.312
	0.181
	0.005
	1251.4
	6.2

	
	
	
	
	
	
	
	

	Sum metric tons of yellowtail flounder kept and discarded by gear from VTR.
	

	Compute ratio of sum of discards to sum of kept.
	
	
	

	Multiply d:k ratio by landings to produce discard estimate.
	
	


FY 2004 CAII Yellowtail Flounder SAP Discard Estimates

In order to examine how well the method used in FY-2004 performed, observer data for the FY-2004 CAII Yellowtail Flounder SAP was examined. The results in the following analyses should be viewed as illustrative of the differences that may result from using different estimation methods. They should not be viewed as definitive estimates of discards, since the exact data set used by NERO was not used in these analyses. 

Trips in this SAP took place between June 1 and September 3, 2005. From June 1 through August 15 there was no possession limit for yellowtail flounder in this area. From August 16 through September 3 vessels were limited to 1,500 lbs-DAS/15,000 lbs per trip. Thirty-one observed trips were identified in this SAP, out of 319 total trips
. Since the exact data set used by NERO was not available, the observer database was queried and trips were identified as taking place in the SAP by plotting the ending position of each tow. The number of trips identified agrees with the number of trips observed in the SAP as reported by the observer program managers. 

The NMFS observer database was queried for trips in this SAP. Individual tows were plotted in order to identify the 31 trips that took place in the SAP. All catches were converted to live weight. Table 1 shows the catch (discarded and kept) of yellowtail flounder on each observed trip and the date the trip was landed. Box plots for the discards and kept catch for each month are shown in Figure 1. The plot of discarded catch illustrates the presence of two outliers, one in June and one in August. These plots also show that discards and kept catch generally increased through the summer months. A regression of discarded to kept catch did not reveal a strong relationship, primarily due to the presence of outliers (see Correia 2005, attached).

Using the information in Table 1, an average D/K ratio was calculated for each day the SAP was open. Only ratios for trips landed in the previous thirty-five days were used to calculate this average.  The observed D/K ratios and the average D/K ratios are plotted in Figure 2 for the SAP period.  Note the value for an observed trip on June 20, 2004 plots off the chart. The third value plotted shows the ratio of the sum of discarded catch to the sum of kept catch for the observed trips that landed five weeks before a given date. 

The plot shows that the average ratio used to estimate discards during late June and July was heavily influenced by the third observed trip. The plot also shows that the presence of an outlier results in a sudden change in the D/K ratio when the outlier drops out of the date range used to estimate the average ratio. The average D/K ratio also appears to misrepresent trends over the course of the season. While the average ratio declined from July to August, the box plots in Figure 1 suggest discards increased as the season progressed. In contrast, using the sum of discarded and kept catch to calculate a discard ratio is not as sensitive to an outlier and the trend more closely matches the trend of the individual D/K ratios. The two approaches give similar results during the period that did not include the outlier.

Western US/CA Area Discard Estimates

Discards of yellowtail flounder were also estimated for the Western US/CA area, statistical areas 522 and 525. From May 1 until November 19, 2005, groundfish vessels that fished in this area were limited to this area, so the data are not confounded by trips that took place outside this area. From May 1 through August 15 there was no possession limit for yellowtail flounder in this area. From August 16 through September 30 vessels were limited to 1,500 lbs-DAS/15,000 lbs per trip. From October 1 through the end of the calendar year possession of yellowtail was prohibited.

Seventy-three observed trips were identified in the observer database that landed catch between May 1 and November 23, 2005. Trips were identified based on the statistical area reported for each tow (during this period vessels were only allowed to fish in the Western US/CA area). All catches were converted to live weight. Table 2 shows the observed discard and kept catch for these trips and the date of landing. A plot of the discard to kept catch shows that there is a stronger linear relationship (r2=0.64) between discarded and kept catch than was noted in the CAII yellowtail flounder SAP (compare Figure 4 to Figure 7 in Correia, 2005, attached). 

Each individual D/K ratio is plotted against the date landed in Figure 3. In addition, the average D/K ratio, calculated by the method used in 2004, is also plotted on the same chart. Data for trips with undefined D/K ratios are plotted as zeros, consistent with the approach used prior to January 24, 2005. Two outliers are clearly evident where the D/K ratio exceeds 2:1. These outliers affect the average D/K ratio through much of August and September. Later in the program, the average D/K ratio degrades to 0 since a number of observed trips took place that did not have any kept catch.

There is also evidence that the observed catches of yellowtail flounder differ significantly between the two statistical areas that are included in the Western US/CA area. The mean yellowtail catch (kept and discarded) in SA 522 was 287 lbs., while the mean catch in SA 525 was 7,090 lbs. This difference was determined significant using a two-sample t-test (P<0.001). 
Alternative Estimators

Correia (2005, Appendix) developed discard estimates for the CAII Yellowtail Flounder SAP using five different estimation methods. These included two versions of a bootstrap analysis, a ratio based on the sum of discards divided by the sum of kept catch (e.g., ratio of means), the slope coefficient of a regression of discards to kept catch, and a discard-trip estimator based on the average discards per trip.

The alternative estimates are all lower than those produced by NERO, and range from 41 percent to 55 percent of those published (Table 3). Correia (2005) also applied bootstrap techniques to the observed kept catch in order to estimate total kept catch. He found that these techniques under-estimated the reported kept catch by 16 to 22 percent. This suggests that the discard estimates from bootstrap techniques may also be under-estimated. It also indicates that the observed trips had lower catch rates, on average, than unobserved trips and brings into question whether there were differences in fishing behavior between observed and unobserved trips.

Two alternative estimators based on least trimmed squares (LTS) robust regression (Rousseeuw 1984) were also applied to the CAII Yellowtail Flounder SAP data. This robust regression approach trims observations that have large residuals for a least squares fit. One LTS regression estimator used kept catch to predict discarded catch for the observed trips (n=31) while the other used both kept catch and month as predictors. The LTS estimator using only kept catch provided a weak fit to the observed data (R2=0.18) with a total discard estimate of 225,058 lbs. In this case, discard (D) was predicted from kept (K) as D=0.0295*K+121. The other LTS estimator provided a better fit to the observed data (R2=0.45) with a total discard estimate of 168,262 lbs. In this case, discard was predicted using month (M) as D=0.0219*K+285*M-1753. Both LTS estimators produced discard estimates that were lower than the other alternatives examined.

For the Western US/CA Area, two alternative methods were used to estimate discards. In the first, the total sum of discards was divided by the total sum of reported kept catch. This ratio (0.04472672) was multiplied by the total kept catch (2,272,050 lbs) to get estimated discards of 101,621 lbs. In the second method, a “rolling” ratio based on the sum of discards/sum of kept catch was calculated using the same five-week window used in the average D/K ratio method. Since the trip information for each trip that was used by NMFS was not available, the weekly kept catch as reported by NMFS was multiplied by the last ratio for each week. This approach was believed to give an indication whether seasonal changes would affect the estimate. This results in an estimate of 145,024 lbs. The average D/K ratio gives an estimate of 234,399 lbs. for this period. Both of the alternative methods, however, suffer from the same limitation as the average D/K ratio: they do not estimate any discards for trips that do not retain yellowtail flounder. For this period in the Western US/CA area, 73 of 84 (87 percent) of the observed trips kept some yellowtail flounder. One possible solution would be to use some combination of yellowtail discards to total kept catch. A preliminary comparison of yellowtail flounder discards to kept catch (all species), however, showed little correlation (r2=0.02). Another alternative would be to use the average yellowtail flounder discards across all observed trips multiplied by the total number of trips. Because of uncertainty over the number of trips in the Western US/CA area, bootstrap techniques were not attempted.

Discussion

A comparison of several discard estimation methods suggests that the method used in FY 2004 to develop in-season estimates of discards in the CAII Yellowtail Flounder SAP area may have over-estimated actual discards by as much as 50 percent, or approximately 350,000 lbs. Comparison of two estimation methods for the Western US/CA Area (from May 1 through November 23) suggest the method used in FY 2004 may have over-estimated discards by roughly 100,000 lbs for trips that caught yellowtail flounder. This latter evaluation, however, does not address the problem with estimating discards for trips that did not keep any yellowtail flounder. This problem likely became more important during the period that possession of yellowtail flounder was prohibited (after October 1, 2004) and may have been addressed by a change in discard estimation methods used by NERO.

The average D/K ratio (e.g., Equation 1) should not be used to determine in-season estimates of the catch of cod, haddock, and yellowtail flounder because it is sensitive to outlier D/K ratios and it is not consistent with the approach used to assess the stock. In particular, the average D/K ratio is likely to overestimate discards when the distribution of D/K ratios is positively skewed with a wide tail. In addition, this technique does not adequately incorporate information from trips without any kept catch. While in FY 2004 this may have resulted in an over-estimate of discards in the CAII Yellowtail Flounder SAP, it is possible the bias could occur in the opposite direction if D/K ratios are negatively skewed. 

It may be necessary to use several methods to develop in-season estimates of total catch. For programs targeting a specific species (i.e. the CAII Yellowtail Flounder SAP) where it is likely most trips will keep at least some catch, a ratio of means estimator (Equation 2) likely provides a more reliable estimate than the method used in FY 2004. This method may also be appropriate when possession of a species is allowed although it can exhibit moderate bias for small sample sizes (Cochran 1977) and requires that discard and kept are correlated, perhaps after suitable transformation to stabilize variance. For those programs that do not target yellowtail flounder, however, or during periods when possession of a species is prohibited, it would be best to apply a method that can account for trips that do not have any kept catch or account for a lack of correlation between discard and kept catches. In this case, one recommended method would be the mean per unit estimator, e.g., estimate total discard as the average discard per observed trip multiplied by the number of trips. The mean-per-unit estimator has the advantages of simplicity, consistency, and is unbiased. Its primary drawback is that it is less efficient than other estimators when variance is heterogeneous among sampling units. Nonetheless, it has also performed well in direct comparisons with other potential discard estimators (see Diamond 2003) and provides a useful alternative to a ratio of means estimator. 
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	Discarded
	Kept
	D/K Ratio
	Date Landed

	262
	15025
	0.017438
	6/4/04

	5.3
	3840
	0.00138
	6/4/04

	432
	20716
	0.020853
	6/14/04

	188
	18000
	0.010444
	6/20/04

	3320
	2480
	1.33871
	6/20/04

	388
	17510
	0.022159
	6/20/04

	274
	25150
	0.010895
	6/21/04

	87.3
	6417
	0.013604
	6/24/04

	493
	8956
	0.055047
	6/26/04

	335
	31750
	0.010551
	7/2/04

	1798
	18556
	0.096896
	7/4/04

	1440
	19240
	0.074844
	7/7/04

	577
	27770
	0.020778
	7/7/04

	216
	11570
	0.018669
	7/12/04

	491
	27155
	0.018081
	7/14/04

	1582
	27862
	0.05678
	7/16/04

	189.3
	12200
	0.015516
	7/17/04

	226
	25245
	0.008952
	7/20/04

	999
	17906
	0.055791
	7/24/04

	448
	21004
	0.021329
	7/30/04

	2517
	21481
	0.117173
	8/4/04

	1299
	24080
	0.053945
	8/4/04

	859
	29399
	0.029219
	8/8/04

	3628
	16865
	0.21512
	8/12/04

	1247
	19430
	0.064179
	8/14/04

	1909
	29220
	0.065332
	8/16/04

	1291
	34920
	0.03697
	8/17/04

	889
	17607
	0.050491
	8/18/04

	1218
	28900
	0.042145
	8/22/04

	403.5
	11052
	0.036509
	9/1/04

	1279
	9499
	0.134646
	9/2/04


Table 1 – Pounds of yellowtail flounder discarded and kept on observed trips in the CAII Yellowtail Flounder SAP, FY 2004

	
	SA 522
	SA 525

	DATELAND
	Disc
	Kept
	Disc
	Kept

	5/8/2004
	3
	110
	243
	9100

	5/10/2004
	0
	0
	3845
	47120

	5/12/2004
	15
	279
	212
	5439

	5/18/2004
	0
	0
	0
	800

	5/23/2004
	0
	1
	19
	899

	6/2/2004
	66
	1744
	32
	2048

	6/4/2004
	0
	0
	219
	14460

	6/9/2004
	5
	327
	0
	0

	6/12/2004
	0
	0
	21
	145

	6/13/2004
	0
	120
	564
	14342

	6/14/2004
	0
	0
	218
	9591

	6/18/2004
	0
	0
	22
	756

	6/20/2004
	0
	0
	221
	12210

	6/21/2004
	0
	0
	215
	2100

	6/24/2004
	0
	0
	45
	2485

	6/26/2004
	21
	375
	0
	0

	7/1/2004
	7
	188
	0
	0

	7/4/2004
	0
	0
	163
	10400

	7/7/2004
	0
	0
	37
	3143

	7/9/2004
	5
	0
	0
	0

	7/12/2004
	0
	0
	130
	13820

	7/13/2004
	123
	578
	144
	11710

	7/15/2004
	0
	35
	0
	0

	7/17/2004
	0
	0
	43
	16100

	7/18/2004
	4
	49
	0
	0

	7/20/2004
	25
	2000
	17
	2800

	7/21/2004
	1
	2
	0
	0

	7/24/2004
	0
	0
	815
	11850

	7/30/2004
	0
	0
	145
	7425

	8/1/2004
	1
	127
	0
	0

	8/2/2004
	12
	92
	0
	0

	8/4/2004
	0
	0
	1220
	13696

	8/8/2004
	0
	0
	60
	760

	8/11/2004
	149
	63
	0
	0

	8/12/2004
	0
	0
	970
	13240

	8/14/2004
	0
	0
	70
	1420

	8/16/2004
	0
	0
	128
	1300

	8/17/2004
	0
	0
	60
	1680

	8/18/2004
	0
	0
	368
	11497

	8/22/2004
	0
	0
	242
	2140

	8/24/2004
	118
	794
	25
	75

	8/25/2004
	26
	240
	626
	23835

	9/1/2004
	0
	490
	75
	1250

	9/2/2004
	0
	0
	303
	798

	9/9/2004
	11
	142
	250
	10041

	9/11/2004
	0
	0
	0
	50

	9/14/2004
	152
	118
	0
	0

	9/16/2004
	190
	0
	0
	0

	9/19/2004
	45
	779
	0
	0

	9/20/2004
	307
	0
	0
	0

	9/21/2004
	2
	46
	0
	0

	9/28/2004
	63
	730
	0
	625

	9/29/2004
	14
	107
	15
	0

	9/30/2004
	21
	154
	311
	10995

	10/2/2004
	5
	2
	0
	0

	10/3/2004
	6
	263
	125
	14675

	10/6/2004
	4
	89
	0
	0

	10/7/2004
	0
	46
	0
	0

	10/12/2004
	20
	0
	0
	0

	11/2/2004
	0
	0
	2
	0

	11/3/2004
	2
	0
	0
	0

	11/13/2004
	520
	0
	0
	0

	11/23/2004
	16
	0
	0
	0

	Grand Total
	1955
	10089
	12219
	306820


Table 2 – Observed discard and kept catch of GB Yellowtail Flounder, Western US/CA area (lbs, live weight)

	Discard Estimate Technique
	Discard Estimate (pounds)

	Bootstrap of observed trips, all months combined
	311,421 (mean)

	Bootstrap of observed trips, by month
	286,763 (mean)

	Sum(observed discards)/Sum(observed landings)
	384,254

	Slope coefficient of discard/kept regression
	327,351

	Discard-trip estimator
	311,698

	LTS regression kept only
	225,058

	LTS regression kept and month
	168,262

	NERO Method
	700,613


Table 3 – Comparison of discard estimates using eight different estimation procedures 

LTS regression using kept to predict discard

summary(discard.lts)

Method:

[1] "Least Trimmed Squares Robust Regression."

Call:

ltsreg(formula = Discard ~ Kept)

Coefficients:

 Intercept     Kept 

 121.0995    0.0295

Scale estimate of residuals: 522 

Robust Multiple R-Squared: 0.1775 

Total number of observations:  31 

Number of observations that determine the LTS estimate:  27 

Residuals:

  Min. 1st Qu. Median 3rd Qu.  Max. 

  -723  -297     -44    596    3126

LTS regression using kept and month to predict discard
Method:

[1] "Least Trimmed Squares Robust Regression."

Call:

ltsreg(formula = Discard ~ Kept + Month)

Coefficients:

  Intercept       Kept      Month 

 -1752.6629     0.0219   285.2380

Scale estimate of residuals: 456.2 

Robust Multiple R-Squared: 0.4497 

Total number of observations:  31 

Number of observations that determine the LTS estimate:  27 

Residuals:

  Min. 1st Qu. Median 3rd Qu.  Max. 

  -653  -266      -3    350    3307

Table 4 – Least trimmed squares (LTS) regression results
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Figure 1 – Box plots of discarded (top left) and kept (top right) yellowtail flounder on observed trips in the CAII Yellowtail Flounder SAP, FY 2004. Histograms of discarded (bottom left) and kept (bottom right) yellowtail flounder for the same trips.
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Figure 2 – Plot of observed D/K ratios, average D/K ratio, and (sum discarded catch/sum kept catch) for yellowtail flounder in the CAII Yellowtail Flounder SAP, FY 2004
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Figure 3 – D/K ratios (observed, average,  sum(discards)/sum(kept) for the Western US/CA area
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Figure 4 – Plot of discard and kept catch, Western US/CA area, FY 2004

Appendix. Analysis of yellowtail discards in the yellowtail SAP fishery in June-September 2004

By

Steven Correia

Massachusetts Division of Marine Fisheries

April 1, 2005

1.0  Introduction

The yellowtail special access program consisted of 319 trips made from the week of June 3 to September 9.  Total number of trips, observed trips and observed trips as a percentage of total trips by month is shown in Table 1.  Trips were distributed as 36% in June, 35% in July, and 25% in August.  Observed trips were similarly distributed across months:  June (29%), July (35%) and August (29%).  The observed trips as a percentage of total trips ranged from 7.7% to 11.4%.  Only two trips were taken in September and both were observed.   The NERO used a five week moving average of average observed discard to kept ratio applied to total reported kept to estimate total discards.  They estimated 702,074 lb of discards and 7,621616 total reported landings. 

	Month
	June
	Jul
	August
	September
	total

	Number of trips
	116
	112
	79
	2
	319

	% of total trips.
	36.3%
	35.1%
	24.8%
	<1%
	

	Number of observed trips
	9
	11
	9
	2
	31

	Observed trips as % of total
	7.7%
	9.8%
	11.4%
	100%
	9.7%


Table 1.  Monthly Distribution of trips, observed trips, and yellowtail landings for the SAP fishery.  

2.0  Description of observer discard and kept data

A plot of the distribution of discard observations is shown in box and whisker plots for all data (Figure 1) and by month (Figure 2).  These box and whisker plots indicate two trips (#5 and #24) are outliers in the distribution of observed discard.  The plots also suggest that discard rates increased from June through August.  The sample size in September is too low to make inferences.   Similarly, a plot of distribution of observed kept is shown in a box and whisker plot for all data (Figure 3) and by month (Figure 4).  No outliers are detected. The plots suggest that kept rates were higher in July and August than June.  Observations in September were too low to draw conclusions.  

The distribution of discard/ kept ratio for the year is shown in Figures 5.  Note that trips number 5 and 24 are also classified as extreme outliers in the distribution. .  The distribution of discard/ kept ratio by month is shown in Figure 6.  Trip number 5 and 24 are classified as extreme outliers in their respective months.   

2.0 Relationship between observed discards and observed kept

I regressed observed discards on observed kept (Table 2, Figure 7).  The regression was not significant (P=0.94, R2=0.00).  This result suggests that using the discard to kept ratio method for the entire dataset is not appropriate to use in estimating total discards. 

I also analyzed the relationship of observed discards on observed kept with the two discard observations considered outliers (#5 and # 24) removed.  Use of a trimmed dataset resulted in a significant regression (Table 3, Figure 8) but total variance in observed discards explained by observed kept was relatively low (R2= 0.14).  

3.0  Discard estimation using bootstrap of observed trips

3.1 Estimating total yellowtail discards using bootstrap analysis of observed trips.

Discards in the SAP fishery was estimated by simulating 5,000 realizations of a SAP fishery consisting of 319 trips.  The bootstrapping was based on discards observed in the 31 observed trips. Two sets of simulations were performed. The first set assumed that the observed discard rates were homogeneous across the four months.  The second set conducted a nested simulation within month for each simulation year.  Monthly results were aggregated to estimate a yearly total.  The observed monthly distribution of trips was assigned to each simulation (.i.e. 116 trips in June, 112 in July, etc).  In addition, these two analyses were conducted on the trimmed dataset. Results are shown in Table 4.  

Mean estimates of discards using the bootstrap method were at least 50% lower than the NERO estimate (702,074 lb) regardless of whether the full dataset or trimmed dataset were used.  

3.2 Estimating total yellowtail kept using bootstrap analysis of observed trips.

Total kept in the SAP fishery was estimated by simulating 5,000 realization of a SAP fishery consisting of 319 trips.  The bootstrapping was based on yellowtail landings observed in the 31 observed trips. Two sets of simulations were performed. The first set assumed that the observed kept rates were homogeneous across the four months.  The second set conducted a nested monthly simulation within month for each simulated year. Results for each month were aggregated to estimate a yearly total.  The observed monthly distribution of trips was assigned to each month within the simulation (.i.e. 116 trips in June, 112 in July, etc).  In addition, the same two analyses were conducted on a trimmed data set. Results are shown in Table 5. 

Bootstrap mean estimates of total landings ranged from 5.9 to 6.2 million lb (Table 4).  The mean bootstrap predicted landings for all four methods were substantially lower (16-22%) than reported landings (7.6 million lb).  Total reported landings was above the 97th percentile of all the bootstrap distributions.  The reason for this bias is unknown, but could be a function of either inadequate or non-representative sampling of the fleet.  No analysis was conducted comparing characteristics of the sampled fleet to the overall fleet participating in the SAP.  This result suggests that discard estimates derived using similar bootstrap methodology may also be biased. 

4.0 Estimates of discards using discard-kept ratio estimator

An estimate of total discards was made using ratio estimator (sum observed discards/ sum observed landings) applied to total reported landings.  Total estimated discards using this method was 384, 254 lb.   Applying this method to the trimmed dataset resulted in an estimate of 305,966 lb.  As previously shown, the relationship between observed discard and observed kept is either statistically insignificant or significant but with low explanatory power.  

5.0 Estimates of discards using slope coefficient of a discard-kept regression fitted with no slope

Another estimate of total discards was made using the slope of a regression fit with no intercept.  This gave an estimate of 327,351 for the complete dataset and 295,103 for the trimmed dataset. 

6.0 Estimates of discards using trip ratio estimators 

6.1 Estimates of discard using the discard-trip ratio estimator.

The ratio estimator of total observed discard to total observed trips was estimated and applied to total trips in the SAP.  The ratio estimator of observed discards to trip was 977.1 lb per trip for the full dataset and 804.9 lb per trip for the trimmed dataset. Total discards were estimated at 311, 698 lb for the full dataset and 256,766 lb for the trimmed dataset.  As expected, these values were similar to median values estimated in the bootstrap analysis. 

6.2 Estimates of total landings using the observed landings-trip ratio estimator.

The ratio estimator of total observed kept to total observed trips was estimated and applied to total trips in the SAP.  The ratio estimator of observed kept to trip was 19380.8 lb per trip for the full dataset and 20,050.3 lb per trip for the trimmed dataset. Total landings were estimated at 6,182,477 lb for the full dataset and 6,396,060 lb for the trimmed dataset.  As expected, these values are similar to those estimated using the bootstrap methods but are biased low compared to reported total landings.   

 Summary

Total discard and kept were estimated by several different methods.  For discards, all methods result in estimates that are substantially lower than the 5 week moving average method used by NERO.  Estimates of total landings using bootstrap or observed kept-trip ratio estimator were biased low when compared to reported landings.  The relationship between observed discards and observed kept is either non-significant or weak.  Estimates of discard using discard-kept ratios are not likely to be robust.  

	
	Unstandardized Coefficients
	
	

	 
	B
	Std. Error
	t
	Sig.

	Constant
	945.563
	425.230
	2.224
	.034

	slope
	.002
	.020
	.081
	.936


Table 2.  Results for regressing observed discards on observed kept in the yellowtail SAP for full dataset.  R2 =0.00

	
	B
	Std. Error
	t
	Sig.

	Constant
	213.779
	308.197
	.694
	.494

	slope
	.029
	.014
	2.061
	.049


 Table 3.  Results for regressing observed discards on observed kept in the yellowtail SAP from trimmed  dataset.   R2 = 0.14.  

	
	
	Percentiles of bootstrap distribution of discards

	
	Mean
	SE
	2.5
	10
	25
	50
	75
	90
	97.5

	All data, months combined
	311,421
	16,087
	280,690
	291,007
	300,475
	311,256
	322,157
	332,083
	343,132

	All data by month
	286,763
	13,950
	259,361
	269,196
	277,002
	286,502
	296,387
	304,872
	313,783

	
	
	
	
	
	
	
	
	
	

	Trimmed data, months combined
	  256,700 
	    11,209 
	  234,973 
	  242,280 
	  249,100 
	  256,635 
	  264,165 
	  271,249 
	  278,798 

	Trimmed data by month
	  227,910 
	             7,866 
	      212,939 
	       217,837 
	  222,609 
	  227,689 
	  233,092 
	  238,253 
	  243,664 


Table. 4.  Descriptors of bootstrap distribution of yellowtail discards in the yellowtail SAP.  

	
	
	
	Percentiles of bootstrap distribution of discards

	
	Mean
	SE
	2.5
	10
	25
	50
	75
	90
	97.5

	All data, months combined
	6183500
	146187.5
	5903454
	6000269
	6083825
	6181699
	6280355
	6367787
	6480905

	All data by month
	6396105
	140274.5
	6127776
	6215889
	6299033
	6394849
	6491137
	6578728
	6677049

	
	
	
	
	
	
	
	
	
	

	Trimmed data, months combined
	5935464
	118287.7
	5706528
	5783268
	5854420
	5934005
	6014927
	6088129
	6167569

	Trimmed data by month
	6168998
	111581.3
	5954764
	6025565
	6092575
	6168544
	6246254
	6310123
	6383539


Table. 5.  Descriptors of bootstrap distribution of yellowtail kept in the yellowtail SAP.  
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Figure 1.  Box and Whisker plot of observed discards in the Yellowtail SAP. Circles indicate outliers.  Total sample size is 31.
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Figure 2.  Box and Whisker plots of observed discards by month.  Circles indicate an outlier and asterisks indicate an extreme outlier.   Sample sizes by month are indicated in the figure. 
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Figure 3.  Box and Whisker plot of observed kept for yellowtail SAP fishery.  Circles are considered outliers and stars are considered extreme outliers. 
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Figure 4.  Box and Whisker plot of observed kept by month for the yellowtail SAP fishery.
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Figure 5.  Box and Whisker plot of individual observed discard to kept ratio. Circles indicate an outlier and asterisks indicate an extreme outlier.   Sample size for the year is 31. 
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Figure 6.  Box and Whisker plot of observed discard to kept ratio by month for yellowtail SAP fishery.  Circles are considered outliers and asterisks are considered extreme outliers. 
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Figure 7.  Scatterplot of observed discards and observed kept for full dataset..  Number refer to month of observation.  Regression was not significant (r2=0.000, P=0.94).  Straight line is regression line, curved lines are 95% confidence limits. 
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Figure 8.  Scatterplot of observed discards and observed kept for trimmed dataset. Numbers refer to month of observed trip.  Regression was significant (r2=0.14, P=0.049).  Straight line is regression line, curved lines are 95% confidence limits around the regression line. 
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Ratio of yellowtail discarded/yellowtail kept on individual trips





Average ratio of yellowtail discarded/yellowtail kept over previous five week period 





(Sum of yellowtail discarded)/(sum of yellowtail kept)








� Various sources list the total number of trips in the SAP as either 316 or 319. This analysis uses 319.
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