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Status of the StockFigure 1 summarizes the condition of the oyster stock throughout the NewJersey waters of Delaware Bay and by bay region in comparison to the 1989-2005period. This period is chosen because the advent of Dermo as a major in
uenceon population dynamics began in 1989/1990 and evidence indicates a substantivechange in population dynamics as a consequence. In particular, average mortalityrates are up, the frequency of epizootics is up, the average abundance is down, andthe average recruitment rate is down with respect to the 1953-1988 time period.The stock at the end of 2005 presents a mixture of positive and negativeindicators that approximately balance. Oyster abundance declined slightly in 2005to the lowest level since the onset of Dermo disease circa 1989 and to one of thelowest levels in the 1953 to 2005 record (Figure 2). Declines were concentrated on themedium-mortality beds upbay of Shell Rock. Elsewhere, abundance increased andthis increase approximately balanced the reduction in abundance on the medium-mortality beds that was anticipated at SAW-7. The expansion of the stock fromits consolidation on the medium-mortality beds that has occurred over the last fewyears through range contraction is a positive sign, although it exposes the stock toa higher level of natural mortality if Dermo disease intensity rises.Spawning stock biomass is still low bay-wide, but rose in 2005. Increases werenoted in all bay regions upbay of and including Shell Rock, reaching or exceedingmedian levels for the 1990-2005 time period (Figure 3). SSB remained stable on thehigh-mortality beds. Increases in SSB coincided with increases in condition index,that reached historical highs bay-wide in 2005.Recruitment remains low bay-wide and particularly low on the medium-mortality beds (Figure 4). Recruitment rose above 50 spat per bushel only on UpperArnolds, Arnolds, and Bennies Sand. As a consequence of the former two, an above-average recruitment event occurred on the low-mortality beds in comparison to mostyears since 1991. Evidence exists that low spat abundance is associated with lowadult abundance, although the explanation for this trend is controversial. The trendimplies, however, that high recruitment may be less likely under current conditionsof low abundance. The number of spat per >20-mm oyster was 0.340; insu�cientto sustain the present population. The ratio of spat to oysters has been lower thanthe 2-year replacement level over �ve of the last 6 years and below that anticipatedfrom the broodstock-recruitment relationship, suggesting that low adult abundanceis not a su�cient explanation for the low recruitment of the last few years. Theorigin of this trend is lower recruitment in comparison to standing stock upbay ofShell Rock. Shell Rock and the high-mortality beds have been recruiting at a levelat or exceeding the 2-year replacement level for most of the decade.Inadequate recruitment upbay of Shell Rock has resulted in a population size2



frequency de�cient in the smaller oyster size classes, particularly on the medium-mortality beds. This year, however, surplus production is expected to permitan increase in market-size abundance bay-wide, given average mortality rates, inthe absence of �shing. Surplus production is anticipated to be negative on themedium-mortality beds in 2006, but the reduction in abundance of market-sizeindividuals anticipated should be much smaller than observed in 2005. Positivesurplus production will occur in all other bay regions, with a substantial increase inmarket-size abundance on Shell Rock and downbay, barring a higher than averagerate of natural mortality and not counting removals by the �shery. This continuesthe trend of positive surplus production on these downbay beds, due to high growthrates and relatively good recruitment in an otherwise low-recruitment time period.Dermo disease continued to be low in 2005 and natural mortality rateswere well below average. Natural mortality, bay-wide, was 12% of the stockin 2005, a relatively typical non-epizootic mortality rate (Figure 5). Naturalmortality was unusually high on the low-mortality beds. A rising trend in Dermodisease prevalence may presage increased rates of natural mortality in 2006, givenfacilitative environmental conditions.The 2005 harvest removed 0.9% of the stock and 1.9% of the spawning stockbiomass, with most of the harvest coming from Shell Rock, Nantuxent Point, Hawk'sNest, Bennies, and Cohansey. Fishery exploitation levels since 1989 appear to bevery low (<2% of abundance per year). Recent improvements in collection of �shery-dependent data indicate that exploitation in terms of biomass has been �4% in thelast few years. Low exploitation rates indicate that the �shery does not have asigni�cant e�ect on the stock and that �shing mortality is not responsible for thecurrent conditions of low abundance.Overall, the conditions on the medium-mortality beds upbay of Shell Rockcontinue to be disadvantageous, whereas the remaining bay regions appear to haveimproved since 2004. Speci�c target and threshold abundances and spawningstock biomasses were de�ned for the �rst time in this SAW. In 2005, for thelow-mortality beds, abundance fell below the abundance target set at the medianabundance for that bay region during the 1989-2005 time period, and just below thethreshold value of abundance, set at half that value (Figure 6). SSB fell above theequivalently-derived SSB target value (Figure 6). For the medium-mortality beds,2005 abundance values fell below the threshold value; however, SSB fell above thetarget (Figure 6). Shell Rock abundance fell below the threshold value for this bedand SSB fell near target. Abundance on the high-mortality beds also fell below theabundance threshold, while SSB fell near the target (Figure 6). The fact that allbay regions fell at or below their abundance thresholds indicates that actions toenhance abundance are needed. These are ongoing. A recruitment enhancementprogram begun in 2005 increased recruitment on Shell Rock and Bennies Sand by3



about 50%. A pilot program in 2003 has about doubled market-size abundance onBennies Sand.2006 Management GoalsEvidence indicates that the oyster stock varies in its population dynamicswithin bay regions and, as a consequence, management goals must be establishedseparately for each region. Two alternatives are provided for setting managementgoals in each bay region. Since 1998, a constant-abundance reference point has beenused successfully for Shell Rock and the high-mortality beds. Under this referencepoint, �shing allocation is determined by the surplus production of the populationin each region. The use of a natural mortality rate above the 50th percentile, suchas the 75th percentile, incorporates into this reference point a rebuilding plan thancan be expected to increase market-size abundance in most years and which guardsagainst a high level of over�shing in epizootic years. An alternate, exploitation-based reference point also is provided. The exploitation reference point recognizesthat the �shery has been successfully prosecuted at relatively low exploitationlevels since 1995 and that this record permits the promulgation of an exploitation-based reference point based on the median exploitation rate, de�ned in terms ofthe fraction of abundance removed, for each bay region for the years 1996-2005.The exploitation reference point, in particular, provides alternatives for bay regionswhere transplant options are more likely to be chosen.Shell Rock and the high-mortality beds have provided most of the �shedanimals since 1995 because market quality is consistently high. The SARCrecognizes the need to manage these beds conservatively. The constant-abundanceapproach using a projection of surplus production has proven itself in this areaand contains adequate precaution. Harvest levels at variance to those suggested bysurplus production projections should be considered carefully. Given the importanceof Shell Rock in maintaining both the industry and oyster population, the SARCrecommends that Shell Rock be independently and more conservatively managedthan the high-mortality beds.The low-mortality beds are best used to replace abundance downbay in supportof �shery removals when low recruitment downbay makes transplantation of thisupbay resource useful. The present low-abundance period represents such a time.Transplanting options and an exploitation reference point are needed to managethese beds under this circumstance. Transplantation scenarios should be devisedto minimize the distance downbay that the animals are moved to permit increasedsurvival of the many juvenile-size animals.The medium-mortality beds contributed the bulk of the stock supporting the�shery over the 1996-2005 direct-market period, albeit indirectly through transplantto replace animals �shed from the beds farther downbay. These beds must be4



included in the �shery; otherwise the pressure on the downbay beds will be toohigh. A complex array of options exists to manage these beds. Direct-marketinghas proven e�ective in some years and it is inherently a preferred option as itretains juveniles on these beds where survival is high. Direct-marketing should beencouraged as the management option of choice. Alternatively, market-size animalstransplanted downbay might be marketed after a 6-week period to increase marketquality. Culling machines can successfully concentrate the larger animals whenproperly operated, making this a viable option.Allocation projections based on the constant-abundance reference pointNaturalMortality AllocationBay Region Percentile (market-equivalent bushels)High-Mortality 75th 1,46167th 13,47650th 21,880Shell Rock 75th 13,606Medium-Mortality 75th 0Low-Mortality 75th 9,227Note that the surplus-production option assumes e�cient culling of market-size individuals or direct-marketing. Ine�cient culling for transplant re-quires the use of the exploitation reference point presented subsequently, asthe constant-abundance reference point assumes removals of market-sizeanimals only. The SARC recommends consideration of a range of har-vest levels for the high-mortality beds based on projections using a rangeof natural mortality probabilities.
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Allocation projections based on the abundance-based exploitation reference pointNumber E�cient Deck-loadof Cull or Deck-load MarketableExploitation Animals Direct-market Population Transplant BushelBay Region Percentile Rate Removed Bushels Oysters/Bu Bushels EquivalentsHigh-Mortality 40th .03675 4,216,860 15,73550th .03964 4,548,470 16,97260th .04396 5,044,170 18,822Shell Rock 40th .05391 2,657,810 9,91750th .05556 2,739,150 10,22160th .05600 2,760,850 10,301Medium 40th .00806 3,536,180 13,195 179 19,755 6,757-Mortality 50th .01551 6,804,740 25,391 179 38,015 13,00360th .01855 8,138,480 30,368 179 45,466 15,551Low-Mortality 50th .00034 84,013 313 182 461 2860th .00176 434,888 1,623 182 2,389 14775th .01507 3,723,730 13,895 182 20,460 1,258Note that transplanting options are not provided for Shell Rock and the high-mortalitybeds assuming that these regions will be used exclusively for direct marketing. Note thattransplant options will require transplant before the allocation derived therefrom can be set.Note that allocation values obtained from downbay transplants of oysters from the medium-mortality and low-mortality beds will likely fall in between the `E�cient Cull' column and the`Deck-load' column for the medium-mortality and low-mortality beds, depending on cullinge�ciency.
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The following chart splits the medium-mortality beds into two groups based onthe expectation that direct-marketing is most feasible on Cohansey, Ship John andSea Breeze. Number E�cient Deck-loadof Cull or Deck-load MarketableExploitation Animals Direct-market Population Transplant BushelBay Region Percentile Rate Removed Bushels Oysters/Bu Bushels EquivalentsCohansey, Ship 40th .00806 2,713,006 10,123 179 15,156 5,679John, Sea 50th .01551 5,220,550 19,480 179 29,165 10,929Breeze 60th .01855 6,243,950 23,299 179 34,882 13,070Middle, Upper 40th .00806 823,174 3,072 179 4,599 1,078Middle 50th .01551 1,584,190 5,911 179 8,850 2,07460th .01855 1,894,530 7,069 179 10,584 2,481Caveats Apropos to Risk for 2007 Fishery YieldManagement options for 2006 provided in the preceding tables permit arelatively wide range of possible 2006 �shery allocations. Increasing Dermo diseaseand continued uncertainty in recruitment, plus the fact that the shell-plantingprogram will not provide an increase in harvestable resource for 2007 suggests thatmoderation in setting 2006 allocation goals may be desirable. Speci�c observationsinclude the following.1. Consideration should be given to managing the high-mortality beds under theconstant abundance reference point with a percentile no lower than the 67th toprotect this area against an epizootic. Coincidence of a higher �shing rate withan epizootic would likely result in a signi�cant reduction in the 2007 quota andepizootic mortality rates are possible in 2006.2. Since 1998, the �shery has rarely exceeded 1.5% of the stock and this has lentstability to the resource and minimized year-to-year variations in allocation. A1.5% exploitation in 2006 equates to an allocation of 47,793 bu. The surplusproduction value assuming a median mortality rate (the 50th percentile) forthe bay equates to a harvestable quota of 45,640 bushels, very near the 1.5%value. Given anticipated above average mortality in 2006, a quota signi�cantlyexceeding the range of 45,000 to 47,000 substantially increases the risk of aquota reduction in 2007.3. Although the exploitation rate for the low-mortality beds does not realize asigni�cant addition to the 2006 quota, it is important to move animals downbay7



from Arnolds/Upper Arnolds to the Shell Rock area to mitigate the e�ect ofthe 2006 �shery in this area of the bay. This should be done prior to the seasonopening and will provide animals necessary to support the �shery in 2007.4. A drop of SSB below SSB threshold levels while abundance remains at thelevels expected to be present at the end of 2006 will likely result in a bay-wideclosure. A quota set at 1.5% of the stock will likely remove 3-4% of SSB. Thatis, the �shery can move SSB closer to the SSB threshold value much morerapidly than it can modify abundance. The tenuous status of abundance inall four bay regions at the end of 2005 argues for conservative management in2006 to minimize the chance of a decline in SSB and a concomitant bay closurein coming years.
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Figure 1. Summary status of the stock for 2005. Green (+) indicates variablesjudged to be above average. Red (-) indicates variables judged to be below average.Average, indicated by a `0', is de�ned as within the central 40% of the rangeof conditions. Judgments concerning trend, e.g., improving, are relative to theprevious one or two years. Spatial extent refers to the dispersion of the stock acrossthe salinity gradient.
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Figure 2. Time series of abundance by bed region. High-mortality: Beadons,Nantuxent Point, Strawberry, Hog Shoal, Vexton, Hawk's Nest, New Beds, EggIsland, Ledge, Bennies, Bennies Sand; medium-mortality less Shell Rock: ShipJohn, Cohansey, Sea Breeze, Middle, Upper Middle; low mortality: Arnolds, UpperArnolds, Round Island.
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Figure 3. Time series of spawning stock biomass by bed region. Bed distributionsby region are given in Figure 1.
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Figure 4. The number of spat recruiting per >20-mm oyster per year on the high-and medium-quality strata. Solid line marks a ratio of 1 spat per adult oyster.
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Figure5.Meanand2005box-countmortalityonNewJerseyDelawareBayoyster
beds,renderedasthepercentofbeginningyearabundancethatdied.Errorbars
are95%con�denceintervals.���� �����	 
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Figure 6. Position of the oyster stock in 2005 with respect to biomass andabundance targets and thresholds. The target is taken as the median of abundanceor biomass during the 1989-2005 time period. The threshold is taken as half thesevalues.
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IntroductionThe natural oyster beds of the New Jersey portion of Delaware Bay (Figure 1)have been surveyed yearly, in the fall and/or winter, since 1953. Since 1989, thisperiod has been concentrated into about one week in the latter part of Octoberto early November, and has been conducted using a strati�ed random samplingmethod. Each bed is divided into a series of 25-acre grids. These grids fall intoone of three strata. The strata consist of the bed core (high quality), the bedproper (medium quality), and the bed margin (low quality). For many years,the high-quality areas were considered areas of the bed with a high abundanceof oysters 75% or more of the time and the medium-quality areas were consideredareas where oysters were abundant 25-75% of the time. In 2005, a re-survey ofthe beds from Bennies Sand to Middle revealed the necessity to restructure thesestratum devisions. In this assessment, 2005 survey data were based on the oldstratum system upbay of Middle and downbay of Bennies Sand. In between, thedivisions were based on ordering grids within beds by abundance and de�ninggrids cumulatively accounting for the �rst 2% of the stock as low quality, gridscumulatively accounting for the next 48% of the stock as medium quality, andgrids cumulatively accounting for the �nal 50% of the stock as high quality. Thesurvey consists of about 130 samples covering the primary and most of the minorbeds. Each sample represents a composite of 3 one-third bushels from three one-minute tows within each grid. The current survey instrument is a standard 1.27-mcommercial oyster dredge on a typical large Delaware Bay dredge boat, the F/VHoward W. Sockwell.Sample analysis includes measurement of the total volume of material obtainedin each measured dredge haul; the volume of live oysters, boxes, cultch, and debris;the number of spat, older oysters, and boxes per composite bushel; the size of liveoysters >20 mm from the composite bushel, condition index, and the intensity ofDermo and MSX infections. The data are normalized to a 37-quart bushel, the NewJersey Standard Bushel. Until 1999, the principal data used in management werebased on the proportion of live oysters, excluding spat, in the composite bushel,although spat set also entered the decision-making process. Samples continue tobe collected and analyzed in the same way; however beginning in 1998, dredge towlengths were measured and recorded every 5 seconds by GPS navigation duringthe survey and, in 2000, 2003, and 2005, separate dredge calibration studies wereundertaken to determine dredge e�ciency. These new data are integrated intothe regular sampling results to estimate the total numbers of oysters per squaremeter and the numbers of oysters in di�erent size classes present on each bed.This improvement was added to the survey, at the recommendation of the OysterIndustry Science Steering Committee, because of concerns about management ofthe direct-market program that was initiated in 1996. Prior to that time, the bedshad been used principally as a source of seed for transplanting to leased grounds2



and the semi-quantitative survey worked well.In 2004, at the behest of the 6th SAW, the entire survey time series from1953 to the present-day was retrospectively quantitated. Also in 2004, a dock-sidemonitoring program began. This program obtains additional �shery-dependentinformation on the size and number of oysters marketed, permitting, beginning in2004, the determination of exploitation based on spawning stock biomass as well asabundance. Status of Stock and FisheryHistorical OverviewFrom 1953 to 2005, the bay-wide mean number of >20-mm oysters per bushelwas about 263. The highest numbers of oysters were on the beds upbay of ShellRock and the lowest numbers were on the two most downbay beds, Egg Island andLedge (Table 1). During the past 1.5 decades since Dermo became prevalent inthe bay (1989 to 2005), the bay-wide overall mean of 137 oysters/bu., about halfthe long-term average, has varied little, and the changes, with the exception ofthe extremes (1989, 1992, 1994, and 2004), have not been statistically signi�cant(Figure 2). Throughout this report, except where noted, present-day conditionswill be compared to these two periods of time, the 1953-2005 period encompassingthe entire survey time series and the 1989-2005 portion encompassing the period oftime during which Dermo has been a primary source of mortality in the bay. Statusof stock evaluations and management advice will refer exclusively to the 1989-2005time period, because the advent of Dermo disease as an important determinant ofpopulation dynamics occurred in 1989 and this disease has substantively controllednatural mortality rates in all succeeding years. Three exceptions exist to thedependency on the 1989-2005 time series. All size-dependent indices begin in 1990when size frequencies were �rst measured in survey samples. Evaluation of �sheryexploitation by abundance is focused on the 1996-2005 time period during which the�shery has been conducted under a direct-marketing system. Biomass-dependent�shery time series begin in 2004 at the beginning of the dock-side monitoringprogram�.The 1953-2005 bay-wide mean number of spat/bu. was 176, with the greatestset of 1700+ spat/bu. occurring in 1972 (Table 1). Since 1988, the bay-wide averagehas been 83 spat/bu., slightly less than half the long-term mean. The long-term(1953-2005) average box-count mortality is approximately 15% (Table 1). The� Because of the change in survey footprint in 2006, as described in a subsequent section, thevalues provided in the time series plots have changed, in most cases, over the entire timeseries, in comparison to the report of SAW-7. Values reported herein are considered to beimprovements in accuracy and should be used in lieu of the SAW-7 values.3



appearance of Dermo in the bay has increased the average mortality for the lastdecade and a half to 18%, and in some years the mortality has exceeded 30%. Thus,both abundance and recruitment have averaged signi�cantly lower since the onsetof Dermo, while natural mortality rate has averaged higher.The maximum seed volume removed from the beds by the industry since theonset of Dermo occurred in 1991 when nearly 300,000 bushels were transplantedto leased grounds. This is typical of the MSX period from the 1970's to the mid1980's, when 300,000 to 450,000 bu. per year were transplanted to the lower bayleased grounds (Figure 3). Since the direct landing of market-size oysters from thebeds was instituted in 1996, the greatest landing occurred in 1998 (136,000 bu.).The average yearly landing since 1996 has been 71,715 bu.Survey DesignThe survey has been conducted as a random survey of the primary oysterbeds, of which there are 20 (Figure 1), since 1953, with embedded strata de�nedby di�erences in abundance in the random design for much of that time. Eachbed is divided into 0.200 latitude � 0.200 longitude grids, approximating 25 acresin area. Each of these grids is assigned to a speci�ed stratum and a subset ofgrids, randomly selected, is chosen each year for survey. Prior to 2005, these stratawere based on an historical evaluation of relative abundance: the high-quality areaswere considered areas of the bed with a high abundance of oysters 75% or more ofthe time; medium-quality areas were considered areas where oysters were abundant25-75% of the time; and low-quality areas were considered areas where oysterswere abundant less than 25% of the time. Through 2001, a selection of beds wassampled yearly, and the remainder mostly minor beds were sampled every otheryear. Beginning in 2002, sampling intensity was revised within the same stratumsystem on a number of beds to better re
ect their utilization by the �shery, and, toprovide more accurate estimates of oyster abundance, fewer important beds weresampled in alternate years.Beginning in 2005, two important changes occurred. First, beginning in 2005,all beds were sampled each year with the exception of Egg Island and Ledge thatwill continue to alternate due to their consistent low abundance. Second, thearea between Middle and Bennies Sand was re-surveyed in 2005 and this re-surveyresulted in a change in stratum de�nition and survey design.The spring 2005 re-survey of the area from Bennies Sand to Middle included all25-acre grids sampled that were navigable except for a suite of high- and medium-quality grids that had been routinely included in previous surveys. For these latter,a selection were re-sampled for comparison to the Fall 2004 survey. Excluding these,the remainder of the sampled grids consisted of all previously designated low-quality4



grids and a number of grids not in the pre-2005 footprint depicted in Figure 1. Eachof the new grids, those not in the grid system as de�ned prior to 2005, were assignedto the nearest bed while maintaining simple linear boundaries between adjoiningbeds whenever possible, and given a unique grid number. In total, over 300 gridswere sampled over a two-week period.Preliminary evaluation of the distribution of catches among grids revealed thata large number of grids could be deleted if the survey was focused on the grids thatsupport 98% of the stock.Middle exempli�es the fact that 2% of the stock is scattered across a relativelylarge number of depauperate grids (Figure 4). These grids were assigned to a `low-quality' stratum. The remaining grids were input into a Monte Carlo model inwhich grids were subsampled repeatedly, without replacement, under a given set ofrules, and the mean abundance estimated from the subsample compared to the meanabundance obtained from the average of all grids. For this comparison, samples fromrecent fall surveys were included by correcting spring samples for a fall-to-springchange in dredge e�ciency using: corrected abundance = 1:85 � spring abundance.Analysis of many simulations suggested that a random survey based on two stratawould su�ce, remembering that a third low-quality stratum had already been splitout at the cost of 2% of the stock. These two strata are de�ned by assigning gridsordered by increasing abundance that cumulatively account for the �rst 48% of thestock to a `medium-quality' stratum and grids that cumulatively account for theupper 50% of the stock to a `high-quality' grid stratum (Figure 4). The new high-quality stratum generally includes most grids originally assigned to the high-qualitystratum used prior to 2005 and a few of the old medium-quality grids. The medium-quality stratum generally includes some of the old medium- and low-quality gridsplus a number of new grids. Figure 5 shows the revised bed footprint de�ned bythe high- and medium-quality strata for these beds.Sampling density for the fall survey for the six beds included in the springsurvey was also determined through the Monte Carlo simulation (Table 2). TheOctober 2005 survey was then constructed by randomly choosing a designatednumber of grids from each stratum on each bed. For the beds surveyed in Spring2005, all samples were allocated to the new high-quality and medium-quality strata.For the remaining beds, the old three-stratum sampling design was retained.Total sampling e�ort in 2005 was 130, a value about 20 samples larger thanmost previous surveys (Figure 5). These included 6 transplant grids selectivelysampled because they were sites of shell plants: Bennies Sand 10 and 11 and ShellRock 4, 12, 25, and 43.In 2005, a few additional dredge e�ciency measurements were made for grids5



involved in the 2005 shell-planting program. These additional measurementsconformed to the suite of measurements used in 2003. As a consequence, the2000/2003 average dredge e�ciencies were used in the quantitative determinationof abundance, as has been done since 2003 (Table 3).Oyster AbundanceAnalytical ApproachSampling in 2005 was conducted from October 24 to October 31, 2005 usingdonated time on the oyster dredge boat F/V Howard W. Sockwell with LarryHickman as Captain. Samples were collected from the standard random strati�edgrid system on each of the major seedbeds and all minor beds except Ledge (Figure5). An additional stratum \transplant" was added to assure that oysters recruitingto 2005 and 2003 shell plants were explicitly accounted for in the estimation ofrecruitment and abundance.The data that follow are presented in three ways. (1) Data are presented interms of numbers per 37-qt bushel. This is the datum used historically since theinception of the formal stock survey in 1953. Bay-region averages are obtainedby the averaging of survey samples per bed, summed over the beds in any bay-region group. (2) Since 1998, swept areas have been directly measured, permittingestimation of oyster density. Bay-region point-estimates are obtained by averagingthe per-m2 samples per stratum, expanding these averages for each bed according tothe stratum area for that bed, and then summing over the beds in any bay-regiongroup. Throughout this report, these quantitative point estimates of abundancesum the high-quality (bed core), medium-quality (bed proper), and transplantstrata only. Low-quality areas are included only in some time-series analyses whereindicated as restricted sampling in this stratum limits the accuracy of single-yearabundance estimates. For the Bennies Sand-to-Middle reach, exclusion of the low-quality grids underestimates abundance by approximately 2%. Judging from thetargeted spring survey of this bay region, the underestimate of abundance elsewherein the bay is likely to be considerably larger. (3) In 2005, the 1953-1997 survey timeseries was retrospectively quantitated. Data including this retrospective analysiswill be termed `time-series estimates' throughout this report. These estimates wereobtained by using bed-speci�c cultch density determined empirically from 1998-2005. This quanti�cation assumes that cultch density is relatively stable over time.Comparison of retrospective estimates for 1998-2004, obtained using the `stablecultch' assumption, with direct measurements for 1998-2004 suggests that yearlytime-series estimates prior to 1997 may be biased by a factor of �2 because cultchcan vary with input rate from natural mortality and the temporal dynamics of thisvariation are unknown. While this is not a trivial error, it is much less than theerror that would occur if the time series were not reconstructed to account for dredge6



e�ciency and area-weighting for the dispersion of survey samples. Accordingly, thequantitative time series estimates are considered the best estimates for the 1953-1997 time period.All quantitative and post-1997 time-series estimates were corrected for dredgee�ciency using the average of dredge e�ciency measurements made in 2000 and2003. The size-class-speci�c dredge e�ciencies were applied whenever size-classdata were analyzed. The di�erential in dredge e�ciency between the upper andlower beds was retained in all cases (Table 3).Throughout this report, oyster refers to all animals >20 mm. Animals �20mm are referred to as spat. Adult oysters are animals �35 mm. Calculations ofspawning stock biomass (SSB) are based on this size class and bed- and year-speci�cregressions between dry weight (g) and shell length (mm). Market-size animals areanimals�75 mm. Submarket size classes are variously de�ned depending on growthrates and analytical goals as indicated.Abundance TrendsBecause oysters are being sampled along a salinity gradient that re
ects spatset, predation, disease, and growth, combining the data into bay-wide averagesresults in high variances. Since 1989, the natural oyster beds have experienced atwo-fold 
uctuation in the number of oysters per bushel, but, with the exceptionof the two highest and lowest values, no statistical di�erences (Figure 6). The bay-wide average number of 114 oysters/bu. in 2005 was statistically the same as formost of the 1989-2005 period, but 43% lower than the long-term average of 263oysters/bu.Quantitative estimates using the time-series analysis indicate that oysterabundance summed across all strata and bay regions declined slightly in 2005 to907,326,400 from the 2004 estimate of 917,046,464. About 94% of the oysters,853,916,000, were found on the medium- and high-quality strata. The 2005 pointestimate obtained directly from the quantitated survey using size-speci�c dredgee�ciencies was somewhat higher, 895,386,408. In 2005, abundance was at the3rd percentile of the 1953-2005 time series and was the lowest value observed post-1988 (Figure 7).Beds in the low-mortality and medium-mortality segments of the bay (seeFigure 7 for bed groupings) continue to support relatively high oyster abundance(Table 4). Most of these beds (except Upper Middle) have > 150 oysters/bu.In 2005, oyster abundance on beds in the medium-mortality and high-mortalitysegments of the bay remained about the same as the prior year with Shell Rockand Bennies Sand having >150 oysters/bu. All beds sampled in the high-mortality7



region have increased numbers of oysters (Figure 8, Table 4), although abundance bythis measure was not signi�cantly di�erent from most other years in the 1989-2005period (Figure 9).Quantitative estimates con�rm that most oysters were on the medium-mortality transplant beds (Ship John, Cohansey, Sea Breeze, Middle, Upper Middle)(Figure 7). Abundance on these beds ranked at the 8th percentile of the 53-yr timeseries and the lowest value post-1988. In comparison, abundances on the low- andhigh-mortality beds and Shell Rock rose in 2005. These ranked at the 10th, 20th,and 18th percentiles, respectively, for the 53-year time series and at the 18th, 10th,and 25th percentiles post-1988. Abundance in 2005 on the high-mortality beds rosefrom 2004, by a factor of 1.39 (Figure 10). This is the second consecutive yearabundance has increased on these beds. Abundance rose substantially as well onShell Rock (by 1.53) and on the low-mortality beds (by 1.26). Abundance declinedby 23% on the medium-mortality transplant beds. This decline was expected basedon 2004 surplus production projections by SAW-7.Round Island deteriorated markedly (>60%) this year with fewer grids sup-porting high oyster abundance (Table 4). Unlike the remainder of the beds, thisbed has not received a signi�cant recruitment event since 1990; as a consequence,abundance has declined more or less continuously for the last 14 years. In contrast,abundances on the two beds immediately downbay rose and recruitment was rela-tively high in 2005 for the 1989-2005 time period. Low salinities over the last fewyears may be partially responsible for declining abundance on Round Island.Elsewhere, changes in abundance between 2004 and 2005 per bed were asanticipated by regional trends, with one exception. A 2003 surf-clam shell plant onBennies Sand 10 has produced an estimated 13,393 marketable bushels of oysters for2006. These animals were obtained from an initial shell plant at Reed's Beach andsubsequent replant on Bennies 10 of 16,000 bu. of surf-clam shells in 2003. About58% of marketable oysters on Bennies Sand in 2006 originated from this 2003 shellplant.Spawning Stock Biomass (SSB)Spawning stock biomass increased in 2005, continuing a trend begun in 2003(Figure 11). SSB remained essentially unchanged on the high-mortality beds, butincreased by a factor of 1.99 on Shell Rock, by 1.47 on the medium-mortality (lessShell Rock) beds, and by 2.56 on the low-mortality beds. SSB was above averagebay-wide and at the 67th, 56th, 67th, and 44th percentiles for the low-, medium-(less Shell Rock), Shell Rock, and high-mortality beds, respectively.8



Oyster Size FrequencyThe percentage of >2.500 oysters exceeded 50% on all high-mortality beds,except Bennies Sand, New Beds, and the inshore regions comprising NantuxentPoint, Hog Shoal, Hawk's Nest, and Beadons. All medium-mortality beds had>60% of the oysters >2.500 (Table 4). The general trend for a proportional increasein large oysters continued upbay of Bennies Sand. Since 1988, the percentage ofoysters >2.500 has been in the 15% to 20% range on all of these beds. The recentincrease in this percentage is primarily due to low recruitment rather than unusuallyhigh mortality. That is, the number of smaller oysters has declined as these animalshave grown to >2.500 in size or have died, and these small oysters have not beenreplaced by new recruits.In 2004, all inshore beds had low oyster abundance and a high percentageof oysters > 2:500 (Tables 4 and 5). Low abundance continued in 2005, althoughabundance was generally higher, but the percentage of large oysters has declinedfrom last year. Because the number of large oysters per bushel increased slightly onthese beds and the percentage of small oysters also increased, either survivorshiphas been high for the modest sets of the past few years or some of this year's sethas been counted as oysters rather than spat. Numbers of submarket oysters (2:500-300) remained about the same in the medium-mortality and high-mortality bedsin the past year, but there is a slight but non-signi�cant trend downward (Figure12). Conversely, the 5-year upward trend in number of oysters >300 continued inthese areas. The percentage of oysters �300 also continued its 5-year increase on themedium-mortality beds (Figure 13). The 2.500-to-300 size category as a percentageof the total has remained static in the medium-mortality region and continued its4-year downward trend in the high-mortality region. This re
ects the poor spat setof the last six years.The medium-mortality region, viz., Cohansey, Middle, Ship John, Sea Breeze,and Upper Middle, supplied a majority of the market oysters in 2004, but only 18%of the product in 2005. The numbers of �300 oysters on the beds supplying the bulkof the 2005 �shery, Shell Rock, Nantuxent Point, Hawk's Nest, Bennies, Cohansey,and Ship John, increased from last year (Table 4). Focusing on the high-mortalitybeds plus Shell Rock, in 2004 the percentage of total oysters in the >2.500 size classwas 50% or greater on all beds below Cohansey except for Sea Breeze. In 2005, thispattern changed by including Middle as a bed with >50% oysters above 2.500, butbelow Bennies Sand there was a general drop in the dominance of large oysters andonly Bennies, Strawberry, Vexton, and Egg Island retained the dominance of largeoysters. Even on these beds, the percentages were reduced.The early spat set and the good growth this past year resulted in at least somespat exceeding 20 mm. Figure 14 shows representative size-frequency distributions9



for a shell plant on Shell Rock 43. At least some of these larger spat on native shellwere probably measured and classi�ed as oysters. Since growth rates are generallyhigher downbay of Shell Rock, this e�ect would be more pronounced in this region.Recalculation of the numbers of oysters and spat, classifying all 20-35-mm oystersas spat, resulted in a 44% increase in the bay-wide mean spat abundance from29 to 42 spat/bu. and a 22% reduction in oyster abundance from 114 to 101/bu.;however, the relative positions of 2005 within the spat and oyster time series (Figure6) remained virtually unchanged.Oyster Condition and GrowthOn a bay-wide basis, condition index increased markedly in 2005 (Figure 15,Table 4) to the highest level recorded since 1990 when the measurement of conditionindex was added to the survey, and the increase was similar in all areas of the bay.The gradient in condition from greater condition in the more saline areas to poorercondition in the less saline areas remained (Figure 16).A shell plant on Bennies Sand 10 in 2003 provided an opportunity to evaluategrowth in this bay region (Figure 17). Growth rate was much higher in 2005 thanin 2000. Animals of 2.3300 are expected to reach market size by the 2005 measureversus 2.5600 for the earlier determination. Growth data provided by the BayshoreDiscovery Project for animals held in the water column near Bayside suggests thatgrowth rates were also higher upbay than observed in 2000.Surplus ProductionSurplus production is de�ned in this treatment as the number of animals avail-able for harvest under the expectation of no net change in market-size abundanceover the year, given a speci�ed natural mortality rate and growth rate. If �shingmortality rate is set to zero, surplus production as calculated herein is equivalentto a comparison between the number of animals expected to recruit to market sizein a year less the number of market-size animals expected to die naturally. Inthe absence of �shing, a positive surplus production indicates that the market-sizepopulation is expected to expand in abundance. If negative, the market-size pop-ulation is expected to contract even in the absence of �shing. The model used forthe calculation assumes an uneven distribution of mortality rate during the yearas observed; however this assumption is only noteworthy if market-size animals areremoved from the population by means other than natural mortality. A detaileddescription is found in Klinck et al. (2001)�.� Klinck, J.M., E.N. Powell, J.N. Kraeuter, S.E. Ford and K.A. Ashton-Alcox. 2001. A �sheriesmodel for managing the oyster �shery during times of disease. J. Shell�sh Res. 20:977-98910



Assuming a 50th percentile of natural mortality rate, market-size abundanceis expected to increase in 2005 bay-wide by 45,640 bushels (Table 6). Surplusproduction is positive; that is the number of market-size animals is expected toincrease in three of four bay regions, the low-mortality and high-mortality beds andShell Rock, by 55,734 bushels in toto. Market-size animals on the medium-mortalitybeds are anticipated to decline in abundance by 10,094 bushels, a change only of1.6%.A Dermo epizootic, simulated using the 75th percentile of natural mortality,would reduce abundance bay-wide in 2006. Nevertheless, even at the 75th percentileof natural mortality, abundance would increase in three of four bay regions, notcounting removals by the �shery. However, as the medium-mortality beds upbayof Shell Rock dominate bay abundance, a bay-wide decline still would occur due todeclining abundance on the medium-mortality beds upbay of Shell Rock.An unbalanced size-frequency distribution has been present on the medium-mortality beds for a number of years, sustained by six years of low recruitment. Thatis, an insu�cient number of smaller animals have been present during this periodto replace the larger animals dying from natural causes. The 2005 size-frequencydistribution is not sustainable under normal natural mortality rates either. Toofew small animals will be present on these beds in 2005 to replace, through growth,those larger animals that are expected to die. Calculation of surplus productionover a wide range of mortality rates indicates that abundance can be expected todecline on these beds in 2006 without �shing.Spat SetSpat set in 2005 was nearly identical to that of 2004 and was still poor (Table4, Figure 18). 2005 continues a sequence of poor setting years for an unprecedentedsixth consecutive year (a similar, but not as severe trend occurred from 1959 to1963) (Figure 19). The bay-wide 2005 spat count (mean = 29/bu.) was far belowthe long-term mean of 180 spat/bu., and well below the 83 spat/bu. post-1988long-term mean.No bed achieved a spat set of 100/bu. and spat set was 50/bu. or higher ononly three beds: Upper Arnolds, Arnolds, and Bennies Sand. Spat set on thelow-mortality beds (Arnolds, Upper Arnolds, and Round Island) was 14 to 61/bu.,terminating, with the exception of Round Island, an unprecedented period of setfailure that commenced in 1991 on these beds. Typically, some of the inshorebeds of the high-mortality region (Nantuxent, Hog Shoal, Strawberry, Hawk's Nest,Beadons and Vexton) receive a good set, but this did not materialize in 2005.Quantitative estimates of spat set con�rm that the 2005 set was low bay-wide,11



making the sixth year in a row of poor settlement (Figure 19). Total recruitmentwas highest on the high-mortality beds, in part due to the areal contribution of thisbay region to total bed area. The 2005 spat settlement ranked at the 10th percentilefor the 1953-2005 time series and at the 10th percentile post-1988.The number of spat recruiting per oyster dropped somewhat from 2005 andcontinued to be very low, 0.340 spat per oyster. The ratio has been below 0.50since 2002 and below 1.0\ since 1999 (Figure 20). A breakdown by bay regionreveals that the ratio was particularly low for the medium-mortality beds, 0.184(Table 7). The ratio for Shell Rock was 0.471 and the ratio downbay of Shell Rockwas 0.808. The ratio has been above 0.80 on the high-mortality beds and on ShellRock in all but three years since the direct-market program began. The ratio hasbeen below 0.50 on the medium- and low-mortality beds since 1999. Thus, the lowrecruitment rate bay-wide is due primarily to low recruitment in the areas of thebay receiving the least amount of �shing pressure, as measured by dredged sweptarea, over that time period.Recruitment enhancement programs were successful in 2005, raising the ratioof spat to oyster on Shell Rock from 0.471 to 0.991 and on the high-mortality bedsfrom 0.808 to 0.905. Shell was planted on Shell Rock and Bennies Sand usingoyster, ocean quahog, and surf-clam cultch. Three-year harvest projections, highlyuncertain, suggest that about 52,000 bushels of oysters may be produced by the2005 enhancement program (Table 8).A spat monitoring program was initiated in 2004 and continued in 2005. The2005 program showed the anticipated trend of greater spat availability downbay(Figure 21) and a much higher setting potential than in 2004. The spat monitoringprogram suggested two recruitment waves occurred in 2005, one early, in July, andanother later, in August/September (Figure 21). This two-wave hypothesis wascon�rmed from size-frequency distributions of spat on shell plants that typicallyshowed bimodal distributions (Figure 14).Cultch TrendsTime series of cultch shows a downward trend on most beds, particularly after2001 (Figure 22). This trend coincides with a declining trend in abundance andrecruitment. This trend is not followed by the time series of the ratio of oystersto cultch, even after taking into account the varying dredge e�ciencies of the twoparticle types. That is, a decline in oyster abundance is followed reasonably closelyby a decline in cultch abundance. An inference is that the `life span' of cultch is\ A ratio of 0.5 assumes a mean generation time of 2 years; that is, the population must replaceitself every two years to sustain abundance. The mean generation time for Delaware Bayoysters is unknown, but is likely in the range of 2-4 years for most of the bay region.12



limited, and cultch stores require persistent renewal through death of live animals.At times of low abundance, cultch will also decline. Cultch half-life estimates forthese beds vary, in most cases, from 2 to 6 years?.Mortality and DiseaseMSX disease, caused by Haplosporidium nelsoni, and Dermo disease, causedby Perkinsus marinus, remain the two primary disease concerns in Delaware Bay.Following a major bay-wide MSX epizootic in the mid-1980s, most of the oysterpopulation appears to have become resistant to MSX. Monitoring via standardhistological methods showed that MSX continued to be insigni�cant during 2005.A targeted experiment in 2005 to verify MSX disease resistance on low-salinitybeds where susceptible animals might �nd refuge revealed that most animals, evenat this extreme of the range, were MSX resistant (Table 9)	. Concerns raised atthe 7th SAW about transplanting animals downbay from the low-mortality beds arealleviated by these results.In general, Dermo disease� and mortality increase downbay as salinity increases.A regression between Fall Dermo disease and mortality explains approximately 42%of the variation in mortality among beds since 1990 (Figure 23). The y-interceptfor this regression is just below 10%, indicating that background (non-disease) box-count mortality is about 10%.? Half-life estimates were derived by solving the equation d Cdt = (addition�loss)C, where additionsare estimated by box volumes, C is the concentration of cultch, and t is time. With the lossterm known, the fate of cultch for any given year C� can be estimated from d C�dt = �loss andthis time series provides the solution to the half-life equation: log(f) = �:301tT , where f is thefraction remaining after T half-lives.	 Samples of 400 oysters each were collected from Arnolds, Shell Rock, the Cape Shore 
ats,and Maine. These oysters respectively represent three stocks that historically experiencedincreasingly greater selection by MSX (maximum MSX infection prevalence in most ofDelaware Bay has been 30% since 1989, and <10% on the upbay beds, e.g., Cohansey andArnolds, since 1992) and a naive stock that has never been exposed to MSX. Each samplewas divided equally between two replicate plastic mesh bags and deployed on the Rutgerslease in Cape May Harbor in May 2005 where oysters have been regularly exposed to MSXinfections in recent years, but where Dermo infections have been very light. Mortality wasmonitored throughout the summer and oysters were sampled (n = 20 per stock) in July,September, and October 2005 for MSX infection.� The percent of oysters in the sample with detectable infections is termed the prevalence.Infection intensity is scored along the Mackin scale from zero (= pathogen not detected) to�ve (= heavily infected) and then averaged among all oysters in the sample to calculate aweighted prevalence. A full analysis of the 2005 disease monitoring program is available as anHSRL report: Bushek, D. 2005. Delaware Bay Oyster Seedbed Disease Monitoring Program2005 Status Report. 13



In 2005, the prevalence and infection intensity of Dermo increased from 2004and approached or exceeded long-term means on most beds (Figures 24 and 25).The low-mortality beds (Round Island to Arnolds), where Dermo was not detected,were a striking exception verifying that disease and mortality processes in this regionare distinct from other beds.In 2003 and 2004, summer water temperatures were cooler than normal andwatershed runo� was higher than normal. The increased 
ow of freshwater probablydecreased disease transmissionwhile cooler temperatures likely reduced proliferationrates within infected oysters. These conditions reduced Dermo below detectablelevels on the upbay beds during 2005 (Figure 24). Residual infections remained onbeds below Arnolds and higher salinities and temperatures during 2005 encouragedproliferation of Dermo on those beds. Fortunately, Dermo did not reach levelssu�cient to increase mortality during 2005 and mortality levels remained well belowlong-term means. Unless current Dermo levels are considerably reduced or inhibitedfrom proliferating by favorable environmental conditions (i.e., low temperature andlow salinity), Dermo-related mortalities are likely to increase in 2006.Since the onset of Dermo disease in 1990, three epizootics, most of them multi-year, have occurred (Figure 26). Prevalence provides the clearest signal with peaksin 1993, 1999, and 2002. Since Fall 1990, prevalence greater than 80% or weightedprevalence approaching 2.0 has corresponded to mortalities exceeding 25%. In2005, Dermo levels were below these thresholds and mortality was near the lowestlevels recorded for this period (Figure 27). Dermo levels are increasing, however,and Dermo-induced mortality is likely to increase next year unless environmentalconditions inhibit further development.Quantitative box-count mortality rates were obtained by calculating the num-ber of boxes per m2 and summing over strata and beds within bay regions. Quanti-tative areal estimates of box-count mortality were 12% bay-wide in 2005. This is aslight drop from 2004 and well below epizootic mortality levels. In 2005, box-countmortality was at the 50th percentile of the 53-yr time series and the 32nd percentilepost-1988. Quantitative estimates con�rmed that box-count mortality dropped forthe third consecutive year on the high-mortality market beds, coming in at a thirdof the rate observed in 2002. Box-count mortality was 23.1% on the direct-marketbeds, a value at the 17th percentile of the 53-year time series and at the 25th per-centile of the post-1988 time series. Mortality declined upbay. Box-count mortalityon the medium-mortality beds was 10.5%, a value slightly lower than observed in2004. The 2005 level of mortality was at the 54th percentile for the 53-year timeseries and the 38th percentile for the post-1988 time series. Quantitative estimatesof box-count mortality con�rmed a slight increase in mortality on the low-mortalitybeds in comparison to the 1999-2003 time period, but about the same level as in14



2004. The 2005 level of mortality, 12.6%, is at the 75th percentile for the 53-yeartime series and at the 74th percentile for the post-1988 time series. An explanationfor this high rate of mortality is not available; Dermo disease was not responsible.Quantitative estimates of abundance, recruitment, and box-count mortalityexpressed numerically permit an estimate of unrecorded mortality. The equationBeginning Y ear Abundance+Recruitment�Box-CountMortality � FishingMortality= End-of-Y ear Abundanceshould be in balance. Typically, the left-hand side overestimates end-of-yearabundance because a certain fraction of mortality is unaccounted for by box counts.Much of this unrecorded mortality is likely juvenile mortality�. In 2005, the amountof unrecorded mortality increased downbay (Table 10), presumably indicating theincreased survivorship of juveniles at lower salinity. As well, the trend may in partaccrue from a shorter half-life of boxes at higher salinity. Most of the bay regionshad unrecorded mortalities near the 50th percentile.Population Dynamics TrendsBroodstock-recruitment, abundance-mortality, and mortality-recruitment rela-tionships were updated. The broodstock-recruitment diagram (Figure 28) suggeststhat present-day abundance may limit reproductive potential. However, oysterlarvae tend to set preferentially on live oysters, so that one cannot exclude thepossibility that broodstock abundance modulates settlement success. Nevertheless,neither possibility o�ers a likely explanation for six consecutive years of very lowrecruitment, as other years with abundances in the 2000-2005 range have provideda much higher number of spat per >20-mm oyster (Figure 20, also compare Figures7 and 18). The 53-year average recruitment rate expressed as the number of spatper >20-mm oyster per year is 0.965. Since 1988, the same long-term average hasbeen somewhat lower: 0.712. The long-term likelihood of a one-year population re-placement event, 1 spat per >20-mm oyster, is 17 of 53 and a recruitment rate halfthat high occurred in 27 of 55 years. Since 1988, the same two probabilities, 6 of 17and 8 of 17, are not signi�cantly di�erent, so that the expectation of a respectablerecruitment event remains approximately 50%. In contrast to these longer-termtrends, a recruitment event reaching 1 spat/oyster has not occurred since 1999 anda level of 0.5 has occurred only once, in 2002. Thus, spatfall since 1999 has beenwell below the level anticipated from broodstock abundance.� The calculation subsumes all sources of error into this variable, including survey errors forall measured variables such as abundance and box counts. Accordingly, the estimate ofunrecorded mortality should be considered of low accuracy.15



Epizootics (bay-wide mortality events greater than 20% of the stock) haveoccurred in about half of the years since 1989 (Figure 29). Non-epizootic years tendto average around 10% mortality. The bay-wide average for 2005 was 12%, a non-epizootic mortality rate. Geographic contraction of the stock, an ongoing processsince 2002, ceased in 2005. Over the previous few years, the stock had becomeincreasingly concentrated in the central part of the bay where mortality rates tendto be moderate. This should reduce total mortality rate and therefore decrease thechance of epizootics at low abundance (Figure 29). In 2004, 63.6% of the stock wason the medium-mortality beds above Shell Rock (Ship John, Cohansey, Sea Breeze,Middle, Upper Middle), 21.7% on the low-mortality beds (Arnolds, Upper Arnolds,Round Island), 5.7% on Shell Rock, and 9.1% on the high-mortality beds. In 2005,30.4% of the stock was on the low-mortality beds, 6.7% on Shell Rock, and 15.4% onthe high-mortality beds, all substantial increases over 2004. A lower fraction, 47.5%,was present on the medium-mortality beds upbay of Shell Rock. Some portion ofthis shift was due to declining abundance on these medium-mortality beds, butmuch of the change was due to increased abundance at the low- and high-salinityedges of the stock's range.A relationship between box-count mortality and recruitment continues to bepoor (Figure 30). Little evidence exists that disease routinely limits populationreproductive potential beyond its e�ect on stock abundance; however, the fourlargest recruitment events since 1953 all occurred in years with below-averagemortality rates and none have occurred since the advent of Dermo as a signi�cantdeterminant of oyster population dynamics.The important areas for the oyster industry are the beds in the medium-mortality and high-mortality region. Examination of the trends on these indi-vidual beds indicates that these two regions have substantially di�erent processescontrolling oyster abundance (Figure 9). The average numbers of oysters on themedium-mortality beds for the 1989 to 2005 period was statistically greater thanfor the high-mortality beds (Figure 9). The spat set was not statistically di�erentover the same period (Figure 9). Surplus production has been consistently positiveon the high-mortality beds and commonly negative on the medium-mortality bedsupbay of Shell Rock. Thus, some factor or factors a�ect post-set survival di�eren-tially. Unrecorded mortality was higher on the downbay beds, commensurate withthe abundance trend (Table 10). Growth is more rapid downbay commensuratewith the surplus production trend.HarvestThe 2005 harvest limit was set at 32,000 bu: 28,128 bushels were landed[.[ Catch and e�ort data have been provided by the New Jersey Department of Environmental16



Figure 31 shows the time-series of oyster harvest in Delaware Bay. Since 1996, anintermediate transplant program has moved oysters among beds. In this �gure, thetotal stock manipulation, including transplant and direct-market, is identi�ed as theapparent harvest; those oysters taken to market are identi�ed as the real harvest.Harvest has been relatively stable during direct-marketing times and below all bay-season years.Beds were harvested almost continually from April 1 to November 15, 2005.The weeks �shed this year is the same as last year. Harvest was from 10 beds. Fivebeds accounted for slightly over 75% of harvest: Shell Rock (29.9%), NantuxentPoint (18.9%), Hawk's Nest (10.5%), Bennies (10.5%), and Cohansey (9.7%) (Table11). When Ship John (9.6%) and New Beds (5.7%) harvests are added, these 7beds comprise over 90% of the total. Sixty-six boats participated in the �sheryand worked for a total of 544 boat days. These included 32 single-dredge boatsworking for 346 (10.8 days/boat) and 34 dual-dredge boats working for 198 days(5.8 days/boat). The catch-per-boat-day for dual-dredge boats increased slightlyfor the third year in a row (Figure 32). The catch-per-boat-day for single-dredgeboats decreased slightly this year (Figure 32). This stabilization or increase incatch-per-boat may re
ect the high percentage of marketable or nearly marketableoysters on most of the exploited beds.Total dredging impact was estimated
. Three beds were covered by dredgingmore than once during 2005: Shell Rock, Nantuxent Point, and Hawk's Nest (Table11). This distribution of e�ort was vastly di�erent from 2004 when four beds werecovered by dredging more than once: Cohansey (2.25), Ship John (4.64), Shell Rock(4.37), Bennies Sand (6.37).The number of oysters per 37-qt marketed bushel averaged 275 in 2006, a dropfrom 302 in 2004 (Table 12). Of these, 253 were � 2:7500 in size (Figure 33).In 2005, 5,000 bu of oysters were transplanted from Middle to Shell Rock.Culling devices were used, so that the transplants were biased in favor of the largersize classes. Oysters per bushel in the transplant averaged 382. The net of all�shing and transplant activities was that most oysters taken to market ultimatelywere debited from the high-mortality and medium-mortality beds (Figure 34). 2005was the �rst year since direct-marketing began in 1996 that Shell Rock did notcontribute disproportionately to total �shing mortality. This occurred because thetransplant downbay from Middle nearly balanced the removals. This was the desireProtection.
 The method for estimation is described in: Banta, S.E., E.N. Powell, and K.A. Ashton-Alcox.2003. Evaluation of dredging e�ort by the Delaware Bay oyster �shery in New Jersey waters.N. Am. J. Fish. Manag. 23:732-741. 17



of the 2005 management plan.Apparent �shing mortality was 1.1% of the stock; that is, 1.1% of the stockwas manipulated whether through transplant or harvest. True �shing mortality was0.9% of the stock; that is, the direct-market harvest in 2005 removed about 0.9% ofthe stock by number. This equates to 1.9% of the spawning stock biomass. Fishingmortality in 2005 was at the 11th percentile of the 53-yr time series excluding closureyears, and at the 33rd percentile of open years post-1988.Summary of Stock StatusFigure 35 summarizes the condition of the oyster stock throughout the NewJersey waters of Delaware Bay and by bay region in comparison to the 1989-2005period. This period is chosen because the advent of Dermo as a major in
uenceon population dynamics began in 1989/1990 and evidence indicates a substantivechange in population dynamics as a consequence. In particular, average mortalityrates are up, the frequency of epizootics is up, the average abundance is down, andthe average recruitment rate is down with respect to the 1953-1988 time period.These changes commenced in the �rst part of the 1990s when the �shery was closedin most years. Harvest was signi�cant during the 1989-1996 period in only a singleyear, 1991.The stock presents a mixture of positive and negative indicators that approxi-mately balance. Abundance is low, but abundance increased in both the downbayand upbay portions of the stock's range and this increase approximately balancedthe reduction in abundance on the medium-mortality beds anticipated at SAW-7.The expansion of the stock from its consolidation on the medium-mortality bedsthat has occurred over the last few years through range contraction is a positivesign, although it exposes the stock to a higher level of natural mortality if Dermodisease intensity rises.Spawning stock biomass is still low bay-wide, but rose in 2005. Increases werenoted in all bay regions upbay of Shell Rock. SSB remained stable on the high-mortality beds. Increases in SSB coincided with increases in condition index, thatreached historical highs bay-wide in 2005. New growth data suggest that 2005 wasalso a good growth year for oysters in Delaware Bay.Recruitment remains low bay-wide and particularly low on the medium-mortality beds. An above-average recruitment event occurred on the low-mortalitybeds in comparison to most years since 1991, however. Evidence exists that lowspat abundance is associated with low adult abundance, although the explanationfor this trend is controversial. This implies that high recruitment may be less likelyunder current conditions of low abundance. However, the ratio of spat to oystershas been lower than the 2-year replacement level over �ve of the last 6 years and18



below that anticipated from the broodstock-recruitment relationship, suggestingthat low adult abundance is not a su�cient explanation for the low recruitment ofthe last few years. The origin of this trend is lower recruitment in comparison tostanding stock upbay of Shell Rock. Shell Rock and the high-mortality beds havebeen recruiting at a level at or exceeding the 2-year replacement level for most ofthe decade.The oyster population as a whole continues to be depauperate in the smallersize classes; however, this year, surplus production is expected to permit anincrease in market-size abundance bay-wide, given average mortality rates. Surplusproduction is anticipated to be negative in the medium-mortality beds in 2006, butthe reduction in abundance of market-size individuals anticipated should be muchsmaller than observed in 2005. Positive surplus production will occur in all otherbay regions, with a substantial increase in market-size abundance on Shell Rock anddownbay, barring a higher than average rate of natural mortality and not countingremovals by the �shery. This continues the trend of positive surplus production onthese downbay beds, due to high growth rates and relatively good recruitment inan otherwise low-recruitment time period.Dermo disease continued to be low in 2005 and natural mortality rates were wellbelow average. A rising trend in Dermo disease prevalence may presage increasedrates of natural mortality in 2006, given facilitative environmental conditions.Fishery exploitation levels since 1989 appear to be very low (<2% of abundanceper year). Recent improvements in collection of �shery-dependent data indicatethat exploitation in terms of biomass has been �4% in the last few years. Lowexploitation rates indicate that the �shery does not have a signi�cant e�ect on thestock and that �shing mortality is not responsible for the current conditions of lowabundance.Overall, the conditions on the medium-mortality beds upbay of Shell Rockcontinue to be disadvantageous, whereas the remaining bay regions appear to haveimproved since 2004. Management AdviceLong-term Abundance GoalsExploitation rates by bay section indicate that the �shery has not in
uencedthe stock since the inception of the direct-marketing program and only in one year,1991, since Dermo became a signi�cant determinant of oyster population dynamics.During the 1996-2005 time period, stock abundance has translated through a rangeof abundances typical of the entire 1989 to 2005 time period. The 1989 to 2005 timeperiod likely represents the ambit of oyster population dynamics in the presentclimate and disease regime. As a consequence, the median abundance and SSB19



values for the time period 1989-2005 represent good targets for a abundance andbiomass goals and values half these levels represent good threshold levels, at whichconcerns should be raised about long-term stock sustainability.In 2005, for the low-mortality beds, abundance fell below the abundance target,and below the threshold value of abundance (Figure 36). SSB fell above the SSBtarget (Figure 36). For the medium-mortality beds, 2005 abundance values fellbelow the abundance threshold value; however, SSB fell above the SSB target(Figure 36). Shell Rock abundance fell below the threshold value for this bed andSSB fell near the target value. Abundance on the high-mortality beds, like on themedium-mortality beds, fell below the threshold, while SSB fell near the biomasstarget (Figure 36).The fact that all bay regions fall at or below their abundance thresholds in-dicates that actions to enhance abundance are needed for the medium-mortalityand high-mortality beds. A reduction in �shing e�ort will not signi�cantly ad-dress this need because exploitation rates are already low. Within bay-sectionexploitation rates have been below 2.7% of abundance on the medium-mortalitybeds since direct-marketing began and values have been below 1% in most years;however, substantial increases in exploitation rate should be avoided. Abundancehas been enhanced on the high-mortality beds by downbay transplant in all yearssince direct-marketing began except for 1996, 1997, and 2005 and on Shell Rock inrecent years, and this program should be continued. The preferred mechanism toaddress low abundance overall is to enhance recruitment and this program beganin 2005 focused on Shell Rock and the high-mortality beds. Additional emphasison the medium-mortality beds is desirable.2006 Management GoalsFishery Reference PointsEvidence indicates that the oyster stock varies in its population dynamicswithin bay regions and, as a consequence, management goals must be establishedseparately for each region. Since 1998, a constant-abundance reference point hasbeen used. Under this reference point, �shing allocation is determined by the surplusproduction of the population in each region. The use of a natural mortality rateabove the 50th percentile, the 75th percentile, incorporates into this reference pointa rebuilding plan than can be expected to increase market-size abundance in mostyears and which guards against a high level of over�shing in epizootic years. Thisreference point has been successfully applied to Shell Rock and the high-mortalitybeds. These beds have consistently attained a productivity level permitting theexpansion of market-size abundance in most years. The reference point is dependentupon good information on the past record of natural mortality and growth. The20



former is represented by a 17-year time series and is therefore substantive. The latteris represented by a few measurements in two years, 2000 and 2005, and is thereforeinadequate. In contrast, application of this reference point has been di�cult upbayof Shell Rock where less consistent recruitment results in population contractionsthrough natural processes in many years, even when natural mortality rates are low.As a consequence, an alternate, exploitation-based reference point is proposedwith the recommendation that both reference points be considered as managementoptions. The exploitation reference point recognizes that the �shery has beensuccessfully prosecuted at relatively low exploitation levels since 1995. This recordpermits the promulgation of an exploitation-based reference point based on themedian exploitation rate, de�ned in terms of the fraction of abundance removed,for each bay region for the years 1996-2005. SSB cannot yet be used for thispurpose, as a time series of SSB landings extends back only to 2004. However,several more years of monitoring of catch length-frequency distributions may permitretrospective reconstruction of an SSB landings times series based on yearly survey-derived length-weight relationships. As the abundance-based exploitation referencepoint is derived from a period of conservative �shery management characterized bylow exploitation rates, the abundance-based exploitation reference point is likely toprovide conservative management goals. The SARC notes that this reference point,established this year based on 1996-2005 data, should not be updated yearly, butretained until such time as a Term of Reference permits formal review based on newinformation.Bay Region Considerations{Shell Rock DownbayShell Rock and the high-mortality beds have provided most of the �shedanimals since 1995 because market quality is consistently high. These beds arehighly in
uenced by disease and therefore susceptible to rapid population declines.Juvenile mortality rates also are high. Nevertheless, these beds normally have beencharacterized by positive surplus production due to high growth rates and adequaterecruitment rates. These beds have been successfully managed using a constant-abundance reference point since 1998 with a precautionary component to guardagainst epizootic losses. That is, the beds have been managed in what is inherentlya rebuilding mode.The SARC recognizes the need to manage these beds conservatively. Theconstant-abundance approach using a projection of surplus production has provenitself in this area and contains adequate precaution. Harvest levels at varianceto those suggested by surplus production projections, derived for example fromexploitation-based reference points, should be considered carefully, particularly ifabundance based. These beds have responded positively to abundance enhancementprograms by shell planting to increase recruitment, and transplanting to increaseadult abundance. Retention of these mechanisms within yearly management plans21



is essential while abundance is low.Due to the uniqueness of medium mortality and high production, and given itsimportance to the �shery, Shell Rock must be managed independently of the high-mortality beds and under more conservative guidelines. For surplus productionprojections, the 75th percentile assumption should be retained. A wider rangeof options between the 50th and 75th percentiles can be considered for the high-mortality beds. The SARC assumes that these beds will continue to be usedexclusively for direct marketing.Bay Region Considerations{Low-mortality BedsThese beds have rarely contributed much to the �shery and none in most yearssince 1995. They cannot be used as direct-market beds due to market qualityconcerns and are su�ciently far upbay as to minimize routine access by �shingvessels. However, these beds are typi�ed by large numbers of small animals thatmight be a source of stock maintenance and �shery support downbay in times oflow recruitment when surplus production is low.Due to the large number of small animals usually present, surplus productionvalues are normally positive. However the premise of the constant-abundancereference point is the selective removal of market-size animals and, consequently,this approach presumes direct marketing. Direct marketing is unlikely to be e�ectiveon these beds. Best use of these beds is to replace abundance downbay in supportof �shery removals when low recruitment downbay makes exploitation of this upbayresource useful.The present low-abundance period represents such a time. Transplantingoptions should be considered. An exploitation reference point should be consideredto manage these beds under this circumstance. A critical issue is the conversion ofdownbay transplant numbers into same-year marketable bushels under a transplantprogram. Even with culling, the larger size fractions are essentially impossibleto remove selectively. Removals as de�ned under the exploitation reference pointinclude all size classes. Accordingly, the SARC recommends allocating to the �sherythe fraction of animals moved downbay of market size or that would reach market-size over a 12-month time period. The remaining smaller individuals will increaseabundance and provide harvestable resource in future years.Transplants, should they be considered, should minimize the downbay move-ment to permit increased survival of the many juvenile-size animals. Options includeShell Rock, Bennies Sand, and the new grid areas on the northern side of Shell Rockidenti�ed by the 2005 Spring survey. 22



Bay Region Considerations{Medium-mortality BedsThese beds are susceptible to negative surplus production (although part of thisis likely inadequately known growth rates). Positive surplus production has occurredin less than half of the years since 1996. Nevertheless, these beds contribute thebulk of the stock supporting the �shery over the entire 53-year history of the survey,excepting the 1970s high-abundance period (Figure 34). Over the 1996-2005 direct-market period, these beds contributed most of the animals supporting the �shery,albeit indirectly through transplant to replace animals �shed from the beds fartherdownbay. Abundance is highest here and the animals are moderately protectedfrom disease. These beds must be included in the �shery; otherwise the pressureon the beds downbay of Shell Rock will be too high.A complex array of options exists to manage these beds. Direct-marketing hasproven e�ective in some years and is a preferred option as it retains juveniles onthese beds where survival is high. Direct-marketing should be encouraged as themanagement option of choice, provided market quality is adequate. Alternatively,market-size animals transplanted downbay might be marketed after a 6-week periodto increase market quality. Culling machines can successfully concentrate the largeranimals when properly operated, making this a viable option. Accordingly, theuse of culling machines should accompany any transplant option. A conversionof transplanted animals into marketable bushels should rely on the number ofmarketable animals transplanted. Thus, increased culling e�ciency will increaseharvest while protecting smaller animals in an area of inherently higher survivorship.The constant-abundance reference point has proven very ine�ective for thesebeds, although it should be considered as an option. In years of negative surplusproduction, an exploitation reference point will allow these beds to continue tosupport the �shery to relieve pressure on the beds further downbay and this shouldbe encouraged unless stock status issues indicate the necessity of area closure.Surplus Production Projections { Constant-abundance Reference PointSurplus production projections were run under the proviso that the number ofmarket-size oysters at the end of the year would equal the number at the beginningof the year. In essence, this allocates to the �shery a number of oysters equivalentto the number expected to grow into market size during the year after accountingfor replacement of those lost to natural mortality. This is the `constant market-size abundance' reference point. Projections were run using natural mortality ratesfor each bay region, with percentiles calculated from the 1989-2005 time series.An average growth rate was assumed, based on the average of 2000 and 2005data. Submarket-size oysters were de�ned using the smallest individual that couldattain 75 mm during the year. Natural mortality rates were taken from box countsbecause unrecorded mortality is assumed to be mostly juvenile. The 2nd SAW23



recommended a precautionary approach of managing at the 75th percentile of thebox-count mortality rate. The 7th SAW recommended relaxation of this assumptionto the 50th percentile for the high-mortality beds. The SARC recommends that the75th percentile continue to be used for Shell Rock and beds upbay, but that theremainder of the direct-market beds be managed within the 50th-to-75th percentilerange. Projections assumed a continuous �shing season from April 1 to November15 as has been typical of the last few years. This approach permits some harvest tobe compensatory, as a certain proportion of the animals taken would otherwise diefrom disease. Allocation estimates used an updated value of 268 to convert market-size and submarket-size abundance to market-bushel equivalents. The updatedvalues were obtained by direct measurement of selected bushels landed throughoutthe 2004 and 2005 seasons (Table 12). NaturalMortality AllocationBay Region Percentile (market-equivalent bushels)High-Mortality 75th 1,46167th 13,47650th 21,880Shell Rock 75th 13,606Medium-Mortality 75th 0Low-Mortality 75th 9,227Note that the surplus-production option assumes e�cient culling of market-size individuals or direct-marketing. Ine�cient culling for transplant re-quires the use of the exploitation reference point discussed subsequently, asthe constant-abundance reference point assumes removals of market-sizeanimals only. The SARC recommends consideration of a range of har-vest levels for the high-mortality beds based on projections using a rangeof natural mortality probabilities.Abundance-based Exploitation Reference PointThe SARC recommends that this reference point be de�ned based on theexploitation record from 1996-2005, using the abundance in each bay region as thebasis to estimate an exploitation index. An upper and lower bound should be takenas the 40th and 60th percentiles of the 1996-2005 time series using data on the totalremovals from each bay region (transplant or harvest). This time series is renderedin Figure 37. In case of ties, the next value in the ranked series has been used.24



Because of rare use of the low-mortality beds early in the time series, the periodconsidered begins with the �rst non-zero exploitation year after 1995. These yearsare: high-mortality, 1996; Shell Rock, 1997; medium-mortality, 1997; low-mortality,1998. The exploitation of the low-mortality beds has been very inconsistent, sothat the time series is inadequate to characterize the exploitation reference pointfor these beds. As a consequence the �rst value exceeded 0.01 yr�1 has also beenadded to the percentile range.Projections are based on the abundance of >20-mm animals and given interms of numbers of individuals based on the following abundances: low-mortalitybeds, 247,095,575; medium-mortality beds, 438,732,083; Shell Rock, 49,300,808;high-mortality beds, 114,744,440. Two options are then provided. First, thenumber of individuals is converted to bushels harvested assuming direct-marketingor transplant with e�cient culling so that animals removed are of market size.This projection uses the average numbers per marketed bushel of 268 derived fromthe 2004-2005 dock-side monitoring program. Second, the assumption is madethat transplant involves the removal of all size classes approximately in proportionto their representation in the population as would occur by suction dredge, deckloading by dry dredge, or ine�cient culling. The estimated number of bushels to bemoved is derived from the mean of the number of oysters per bushel obtained fromthe 2005 survey. The proportion of animals available for market is estimated basedon the fraction of animals �2.7500 and these animals are converted to bushels usingthe 268 animal/bu conversion. The abundance of market-size animals in the four bayregions providing these proportions are: low-mortality beds, 22,383,220; medium-mortality, 224,690,718; Shell Rock, 19,083,200; high-mortality beds, 33,564,943.The knife-edge value of 2.7500 was obtained from the size-frequency distributionof animals marketed in 2005 as determined by the dock-size monitoring program(Figure 33).The chart itemizing the exploitation options by bay region is followed by asecond chart that splits the medium-mortality beds into two groups based on theexpectation that direct-marketing is most feasible on Cohansey, Ship John and SeaBreeze.
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Number E�cient Deck-loadof Cull or Deck-load MarketableExploitation Animals Direct-market Population Transplant BushelBay Region Percentile Rate Removed Bushels Oysters/Bu Bushels EquivalentsHigh-Mortality 40th .03675 4,216,860 15,73550th .03964 4,548,470 16,97260th .04396 5,044,170 18,822Shell Rock 40th .05391 2,657,810 9,91750th .05556 2,739,150 10,22160th .05600 2,760,850 10,301Medium 40th .00806 3,536,180 13,195 179 19,755 6,757-Mortality 50th .01551 6,804,740 25,391 179 38,015 13,00360th .01855 8,138,480 30,368 179 45,466 15,551Low-Mortality 50th .00034 84,013 313 182 461 2860th .00176 434,888 1,623 182 2,389 14775th .01507 3,723,730 13,895 182 20,460 1,258Note that transplanting options are not provided for Shell Rock and the high-mortality bedsassuming that these regions will be used exclusively for direct marketing. Note that transplantoptions will require transplant before the allocation derived therefrom can be set. Notethat allocation values obtained for the medium-mortality and low-mortality beds managed bytransplant will likely fall in between the `E�cient Cull' column and the `Deck-load' columnfor the medium-mortality and low-mortality bed, depending on culling e�ciency.Number E�cient Deck-loadof Cull or Deck-load MarketableExploitation Animals Direct-market Population Transplant BushelBay Region Percentile Rate Removed Bushels Oysters/Bu Bushels EquivalentsCohansey, Ship 40th .00806 2,713,006 10,123 179 15,156 5,679John, Sea 50th .01551 5,220,550 19,480 179 29,165 10,929Breeze 60th .01855 6,243,950 23,299 179 34,882 13,070Middle, Upper 40th .00806 823,174 3,072 179 4,599 1,078Middle 50th .01551 1,584,190 5,911 179 8,850 2,07460th .01855 1,894,530 7,069 179 10,584 2,48126



Science and Management IssuesManagement IssuesAbundance is at or below the abundance threshold in most bay regions. Ashell-planting program aimed at enhancing abundance by enhancing recruitmentmust continue with the aim of planting not less than 500,000 bushels annually.Additional harvest policies should be considered at the next SAW; particularlyemphasizing modi�cations to the exploitation indices for the low-mortality beds.Science RecommendationsThe Dermo monitoring program should continue. Collection of ancillary dataon mortality, size-frequency distribution, and growth rate should be continued.The 1989-2005 time series should be analyzed to provide improved probabilitiesfor coming year mortality rates taking into account the autocorrelation of yearlyvalues.The dock-side monitoring program should be continued. This program is re-quired for SSB estimates of landings and improved abundance-to-bushel conversions.A spat settlement monitoring program should be continued.A special survey of the high-mortality bed region should occur in 2006 toprovide improved survey design and stock estimates.A sampling program should be undertaken to evaluate the 3-tows-per-gridsampling protocol.A program should be developed to permit yearly re-evaluation of grid allocationto strata to take into account changes in oyster distribution on beds as a consequenceof natural population dynamics and population enhancement programs.A growth monitoring program should be established either by direct observa-tion of marked animals, intensive size-frequency sampling, or aging.Additional analysis of the 53-year time series should be undertaken to evaluatethe signi�cance of cultch trends observed since 2000 and to develop a shell budgetfor the natural oyster beds.Recruitment data suggest a relationship between �shing intensity and settle-ment success; however coincidence alone may be responsible. An experiment shouldbe conducted to determine if increased harvesting/transplanting on a bed like ShipJohn or New Beds will improve recruitment.27



Further dredge calibration information is urgently needed to determine if tow-based dredge e�ciencies are su�ciently accurate to be used in survey quanti�cationand to determine if a temporal change in dredge e�ciency is occurring or hasoccurred. This study should use experiments occurring simultaneously with thesurvey to directly test the tow-based regressions.The surplus production time series for 1989-2005 should be reconstructed on abay area basis to determine how frequently periods of negative surplus productionoccur.A size-dependent model should be constructed capable of evaluating, byretrospective analysis, the adequacy of the growth estimates used for calculationof surplus production.
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Table 1. Long-term average numbers of oyster and spat per bushel (1953-2005),and percent mortality (total box count). Low Mortality = Round Island, Arnolds,and Upper Arnolds. Medium Mortality = Upper Middle, Middle, Cohansey,Ship John, Sea Breeze, and Shell Rock. High Mortality Group 1 = BenniesSand, Bennies, New Beds, Nantuxent Point, Hog Shoal, Strawberry, Hawk's Nest,Beadons, and Vexton. High Mortality Group 2 = Ledge and Egg Island.Oyster Spat % MortalityBay Average 263 176 15Low Mortality Beds 531 260 13Medium Mortality Beds 309 189 14High Mortality Beds - Group 1 184 162 19High Mortality Beds - Group 2 65 65 20
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Table 2. 2005 sampling scheme for the October survey of the Delaware Bay oysterbeds. The numbers given are the number of samples devoted to that bed. Arrowsindicate beds with the new con�guration of strata based on the 2005 Spring survey.For these beds, no low-quality grids were sampled. For the remainder, the pre-2005three-stratum sampling scheme was used.Sampled Bed High-quality Medium-quality Low-quality TransplantRound Island 1 4 1 0Upper Arnolds 1 1 0 0Arnolds 1 4 1 0Upper Middle 1 1 0 0! Cohansey 3 3 0 0! Ship John 3 4 0 0! Middle 2 3 0 0! Sea Breeze 3 2 0 0! Shell Rock 3 3 0 4! Bennies Sand 2 2 0 2Bennies 1 9 2 0New Beds 1 6 2 0Nantuxent Point 1 4 1 0Hog Shoal 1 4 1 0Strawberry 1 4 1 0Vexton 1 5 1 0Beadons 1 7 2 0Hawk's Nest 1 4 1 0Egg Island 1 7 2 0Ledge 0 0 0 0
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Table 3. Dredge e�ciency estimates expressed as the reciprocal of the e�ciency e:q = 1e . The value q is the multiplier by which swept area estimates were convertedto per-meter-square values. The upper bay includes all beds upbay of Shell Rock]Live BoxLive Sub- Live Live Box Sub- Box BoxJuvenile market Market Total Juvenile market Market Total Cultch2005 Lower-bay 5.25 3.60 3.85 4.87 12.94 6.87 3.85 6.69 9.702003 Upbay 7.39 7.07 12.27 7.30 14.04 10.69 13.27 10.87 13.712003 Lower-bay 3.19 3.26 3.93 3.11 4.03 6.78 10.09 4.64 8.142000 Upbay 10.46 6.89 6.93 9.40 11.26 18.98 11.00 11.47 21.492000 Lower-bay 3.33 2.57 1.54 2.83 6.78 4.03 8.85 6.50 9.55

] 2003 and 2000 values are taken from: Powell, E.N., K.A. Ashton-Alcox, J.A. Dobarro, M.Cummings, and S.E. Banta. 2002. The inherent e�ciency of oyster dredges in surveymode. J. Shell�sh Res. 21:691-695 and Powell, E.N., K.A. Ashton-Alcox, J.N. Kraeuter.in press, Re-evaluation of Eastern oyster dredge e�ciency in survey mode: Application instock assessment. N. Am. J. Fish. Manage.31



Table 4. Results of the 2005 random sampling program for the Delaware Baynatural oyster beds. Included for comparison are data for 2003 and 2004. All datawere adjusted to a 37-quart bushel. Data are displayed from the farthest upbaybeds to those downbay. The test area is a small area of high-quality grids thathas been sampled consistently as representative of the better areas of the bed.The test area sample is indicated by an �. The column called `Bushels/haul' tothe left of the column headed `Percent Oyster 2004' indicates the average numberof bushels brought up by the 3 dredge hauls from each grid. For each bed thepercentage of oysters for each sample is presented, with rankings from highest tolowest. Percentage of oyster is based on volume of oyster in the sample divided bythe total volume of shell, oyster, and debris in the sample. Those samples thathave over 40% oyster are underlined. Oysters per bushel and spat per bushelare based on actual counts adjusted to 37 quarts. `Size' columns indicate thenumber of oysters greater than 2.500 and the percentage of oysters that are greaterthan 300, based on the measurements of oysters (Table 5). Condition index is ameasure of the amount of dry meat weight in an oyster relative to the hinge-to-lip (greatest) dimension. Condition is generally greater in oysters farther downbay.The `Percentage Mortality' value is based on the number of boxes that were countedin the samples. Prevalence is the percentage of oysters with detectable infectionsby Dermo. Weighted Prevalence is the average infection intensity (scored from 0to 5) of all sampled oysters. Grids selected for non-random sampling, because ofrecent transplants or shell plants, are listed separately at the end of the table.
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Table4,page1.Summary of the 2005  Random Sampling of the Seed Beds
Table  3.  Delaware Bay Seed Bed data for 2005.

Dermo Dermo Size Size Condition  Index
Bed Bushels/ Percent Oyster Oysters/Bushel Spat/ Bushel Percent Mortality Percent Prevalence Weighted Prevalence No./bu. >2.5 in. %oysters >2.5 in. Dry Meat/Height

Haul
2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Round Island * 1.3 30 35.31 --
Round Island 1.1 22.6 26.98 --
Round Island 1.0 18 25.23 -- 98 161 -- 14 3 -- 16 17 -- 0 0 -- 0.00 0.00 -- 34 23 -- 35 14 -- 0.010 0.006 --
Round Island 0.8 16.9 7.69 --
Round Island 0.4 9.1 1.96 --
Round Island 0.1 4.2 0.71 --

Up. Arnolds 5.0 41.7 -- 58.0
Up. Arnolds * 3.7 32.5 -- 27.7 300 -- 311 61 -- 12 13 -- 9 0 -- 20 0.00 -- 0.15 57 -- 32 19 -- 10 0.011 -- 0.005
Up. Arnolds -- -- --

Arnolds 5.3 49.2 53.12 68.3
Arnolds 4.3 46.6 50.94 62.6
Arnolds * 5.0 38.8 39.93 48.2 227 222 272 60 5 13 12 13 7 0 5 33 0.00 0.03 0.38 64 50 23 32 22.7 8 0.013 0.006 0.005
Arnolds 1.2 26.9 27.83 28.7
Arnolds 0.1 5.9 24.73 6.8
Arnolds 0.1 0 0 0.0

Up. Middle * 0.1 0 0 --
Up. Middle 0.1 0 25 -- 0 19 -- 0 0 -- 0 0 0 -- -- 0 -- -- 0.00 -- 0 0 -- 0 -- -- -- 0.010 --

Middle 0.5 76.4 62.31 78.1
Middle * 4.0 67.2 52.72 63.1
Middle 1.1 51.9 51.94 62.2
Middle 1.2 30.6 51.52 59.7
Middle 1.4 0 46.8 59.4 212 210 223 27 35 19 11 10 10 55 40 63 0.98 1.35 0.98 109 98 91 68 46.9 41 0.015 0.010 0.008
Middle -- 31.77 54.6
Middle -- 28.99 50.3
Middle -- 23.5 0.0
Middle -- 6.19 0.0

Cohansey 3.4 67.9 68.41 70.5
Cohansey * 0.7 62.1 61.47 70.0
Cohansey * 6.0 61.6 48.24 64.6
Cohansey 0.7 53 47.68 64.1 184 161 218 34 18 19 12 13 12 45 20 57 0.80 0.23 0.95 112 102 99 61 63.1 45 0.017 0.012 0.009
Cohansey 3.7 38.6 8.8 50.0
Cohansey 0.4 14.6 0 48.5
Cohansey -- -- 37.0
Cohansey -- -- 3.3
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Table4,page2.Summary of the 2005  Random Sampling of the Seed Beds
Table  4.  Delaware Bay Seed Bed data for 2005.

Dermo Dermo Size Size Condition  Index
Bed Bushels/ Percent Oyster Oysters/Bushel Spat/ Bushel Percent Mortality Percent Prevalence Weighted Prevalence No./bu. >2.5 in. %oysters >2.5 in. Dry Meat/Height

Haul
2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Ship John * 4.3 79.3 62.92 68.2
Ship John 4.2 74.7 60.92 66.0
Ship John 1.5 68.1 53.53 61.5
Ship John * 3.5 62.2 50.3 48.4 211 245 226 49 58 24 11 11 13 70 -- 90 1.00 -- 1.18 147 129 105 70 52.6 47 0.021 0.012 0.009
Ship John 2.5 52.5 11.83 28.4
Ship John 1.6 49.1 -- --
Ship John 0.4 37 -- --

Seabreeze 2.2 62.8 31.86 --
Seabreeze * 2.5 50.5 12.58 --
Seabreeze 3.0 35.7 0.34 -- 166 108 -- 13 20 -- 7 15 -- 65 30 -- 1.40 0.48 -- 103 31 -- 62 28.8 -- 0.024 0.012 --
Seabreeze 0.0 33.3 -- --
Seabreeze 0.9 27.2 -- --

Shell Rock 2.1 69.4 57.89 69.4
Shell Rock * 2.7 62.14 43.24 67.7
Shell Rock 5.5 58.96 37.92 59.0
Shell Rock 3.0 47.74 37.63 55.9 173 175 186 47 82 54 11 11 12 94 60 80 2.09 1.25 1.25 86 104 68 62 59.5 36 0.020 0.018 0.013
Shell Rock 1.5 47.14 35.69 52.7
Shell Rock 1.3 42.13 34 46.6
Shell Rock 0.6 9.93 27.16 22.3

Bennies Sand 3.7 46.2 33.15 40.9
Bennies Sand 1.0 38.7 31.75 33.7
Bennies Sand 2.8 33.2 29.09 32.7 175 142 140 73 71 47 11 14 14 75 40 -- 1.35 0.73 -- 77 77 70 44 53.9 50 0.025 0.019 0.014
Bennies Sand 4.7 23.1 28.6 32.7
Bennies Sand 3.2 18.5 28.32 --
Bennies Sand -- 25.81 --

Bennies 4.0 34.5 33.9 26.9
Bennies 0.7 31 21.54 21.0
Bennies 0.2 24.8 19.66 17.2
Bennies 1.8 23 18.02 15.5
Bennies 0.7 18.5 13.75 15.0
Bennies 0.4 17.3 11.91 8.6
Bennies * 3.0 16.8 4.04 8.1 46 16 19 17 15 4 15 24 29 67 30 85 1.45 0.55 1.80 25 11 13 55 69.2 68 0.031 0.022 0.017
Bennies 1.1 9.5 3.64 6.3
Bennies 3.0 6 2.66 3.4
Bennies 0.2 4.9 1.74 0.7
Bennies 3.1 4.8 1.36 0.6
Bennies 1.4 0 0.12 0.6
Bennies -- 0 --
Bennies -- 0 --
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Table4,page3.Summary of the 2005  Random Sampling of the Seed Beds
Table  4.  Delaware Bay Seed Bed data for 2005.

Dermo Dermo Size Size Condition  Index
Bed Bushels/ Percent Oyster Oysters/Bushel Spat/ Bushel Percent Mortality Percent Prevalence Weighted Prevalence No./bu. >2.5 in. %oysters >2.5 in. Dry Meat/Height

Haul
2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Nantuxent Pt * 5.7 47.1 -- 53.2
Nantuxent Pt 6.0 32.4 -- 13.2
Nantuxent Pt 2.8 18.9 -- 7.9
Nantuxent Pt 5.0 7.5 -- 7.4 95 -- 74 37 -- 46 25 -- 16 95 -- 95 2.75 -- 2.10 39 -- 21 47 -- 28 0.023 -- 0.015
Nantuxent Pt 2.7 4.2 -- 1.7
Nantuxent Pt 6.0 0 -- 0.0

Hog Shoal 3.3 34.7 20.7 23.3
Hog Shoal 2.5 27.3 18.46 10.8
Hog Shoal 5.0 20.1 5.16 10.0 66 33 31 22 23 18 28 39 44 90 85.0 90 2.77 1.95 3.00 28 22 14 43 66.4 45 0.022 0.020 0.017
Hog Shoal 2.2 20 4.41 9.0
Hog Shoal * 1.1 10.1 3.02 --
Hog Shoal 3.0 5.3 -- --

New Beds 2.9 21.2 32.79 24.1
New Beds 2.7 18.3 21.5 23.2
New Beds 0.4 14.8 17.92 10.1
New Beds * 2.1 12.5 6.9 9.4
New Beds 3.0 5.4 5.66 4.5 30 28 20 22 31 16 14 33 35 90 65 95 2.08 1.30 1.38 12 14 11 40 51.7 56 0.026 0.025 0.020
New Beds 1.6 4.5 5.44 3.0
New Beds 0.5 3.9 4.98 2.4
New Beds 0.2 1.9 3.17 2.0
New Beds 3.8 1.6 2.04 1.4
New Beds -- 0 --

Strawberry 0.1 34.1 23.53 9.6
Strawberry * 3.3 31.3 8.55 7.2
Strawberry 0.5 8.2 3.68 3.9 47 32 20 18 37 13 21 21 35 96 70 90 2.27 1.85 2.00 24 20 14 52 63.4 69 0.022 0.017 0.017
Strawberry 1.4 6.8 2.72 3.0
Strawberry 1.2 2.8 1.88 --
Strawberry 1.5 2.7 -- --

Hawks Nest 4.3 48.3 14.71 18.7
Hawks Nest 4.7 14 7.05 14.9
Hawks Nest * 4.0 6.8 4.25 11.3 59 19 53 22 13 33 10 26 35 100 50 90 2.53 1.20 1.95 17 14 35 39 72.5 65 0.025 0.019 0.015
Hawks Nest 0.4 5.2 2.4 8.0
Hawks Nest 0.5 1.9 2.05 --
Hawks Nest 0.1 0 -- --
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Table4,page4.Summary of the 2005  Random Sampling of the Seed Beds
Table  4.  Delaware Bay Seed Bed data for 2005.

Dermo Dermo Size Size Condition  Index
Bed Bushels/ Percent Oyster Oysters/Bushel Spat/ Bushel Percent Mortality Percent Prevalence Weighted Prevalence No./bu. >2.5 in. %oysters >2.5 in. Dry Meat/Height

Haul
2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003 2005 2004 2003

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Beadons 1.9 22.2 17.9 19.7
Beadons * 3.0 20.8 8.62 16.7
Beadons 4.2 19.1 6.9 6.0
Beadons 2.7 18.4 6.02 4.5
Beadons 1.3 15.1 5.23 2.9
Beadons 2.5 4 3.97 2.5 48 23 19 22 33 14 17 30 42 85 84 100 1.94 1.84 3.20 18 12 11 38 53.4 58 0.029 0.022 0.018
Beadons 0.2 3.9 3.43 2.2
Beadons 2.8 3.4 3.29 1.6
Beadons 0.1 0 1.8 0.0
Beadons -- 1.13 0.0

Vexton 2.3 29.5 10.6 24.6
Vexton 4.0 15.7 9.06 11.0
Vexton 2.5 12.8 6.39 10.1 24 13 21 9 4 15 30 30 44 80 65 100 1.05 1.60 4.10 17 11 16 70 83.9 76 0.031 0.025 0.023
Vexton * 5.7 12.8 3.69 7.1
Vexton 3.6 12.3 1 0.0
Vexton 1.7 0.8 0 --
Vexton 2.5 0.3 -- --

Egg Island * 5.3 60.1 -- 5.9
Egg Island 3.7 8.3 -- 4.9
Egg Island 4.7 2 -- 3.1
Egg Island 0.2 1 -- 0.7
Egg Island 5.3 0.4 -- 0.5 10 -- 4 0 -- 0 17 -- 29 75 -- 100 1.65 -- 2.30 8 -- 3 79 -- 84 0.030 -- 0.009
Egg Island 3.8 0 -- 0.5
Egg Island 3.3 0 -- 0.3
Egg Island 1.7 0 -- 0.0
Egg Island 0.8 0 -- --
Egg Island 0.2 0 -- --

Ledge -- 1.96 --
Ledge -- 1.57 --
Ledge -- 1.09 --
Ledge -- 0.28 -- -- 1.31 -- -- 3 -- -- 17 -- -- 40 -- -- 0.70 -- -- 1 -- -- 83.3 -- -- -- --
Ledge -- 0 --
Ledge -- 0 --

Transplants
Ben Sand 4 22.2 412 187 2.9
Ben Sand 4 35.4 200 46 33.6

Shell Rock 4.5 67 284 92 9.73
Shell Rock 0.53 37.3 143 26 12.8
Shell Rock 2.67 20.3 52 1 10.4

Shelling
Shell Rock 2.33 60.6 261 27 7.2
Shell Rock 4.67 58.7 276 147 10.7
Shell Rock 4 56.3 204 105 9.36
Shell Rock 4 37.1 180 80 9.88
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Table 5. Oyster size frequency on the natural oyster beds in 2005. Frequencies areexpressed as the number in each size class per bushel.
Table 5.  Oyster Seed Beds Size Frequency 2005

Round Is Up Arn Arnold Up Mid Middle Cohan Ship Jn Seabrz Shell Rk Ben Snd Bennie Nant Pt Hog Shl New Beds Straw Hawks N Beadon Vexton Egg Is
0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 2 7 6 4 4 5 6 6 13 3.4 5.0 2.8 1.2 1.9 5.0 3.9 0.7 0.0
30 2 5 6 3 5 4 12 9 15 3.5 3.4 4.1 3.7 4.1 4.9 5.8 1.4 0.0
35 0 9 7 4 3 3 8 5 11 3.0 5.1 2.7 3.9 1.6 3.2 5.0 1.6 0.0
40 5 24 11 5 5 5 8 5 6 2.3 6.7 3.7 2.7 0.9 5.0 2.9 1.0 0.0
45 7 34 21 11 9 5 6 7 8 2.8 7.1 4.6 1.5 2.2 4.0 3.5 0.7 0.4
50 13 55 30 9 12 13 6 9 12 2.3 9.2 5.7 1.6 5.3 5.9 3.1 1.0 0.0
55 18 60 34 16 15 14 6 12 15 1.6 6.4 7.1 1.0 2.8 5.9 3.1 0.3 1.5
60 17 49 39 16 19 15 11 14 17 1.7 7.6 6.7 1.9 3.8 1.8 2.2 0.4 0.4
65 14 33 29 22 22 22 18 15 14 1.4 8.2 3.9 0.4 2.2 4.1 1.4 0.4 0.4
70 11 14 21 27 21 21 14 17 13 2.2 8.9 3.9 1.0 1.6 3.4 0.8 0.5 0.4
75 4 7 9 24 21 23 18 20 13 2.8 7.3 3.0 1.0 3.4 4.5 1.7 1.0 0.0
80 4 2 6 24 17 25 15 17 13 2.3 6.9 3.2 0.6 2.5 2.7 2.1 1.0 0.0
85 1 1 4 15 11 23 11 15 8 3.6 4.4 1.8 0.9 3.1 2.5 2.6 1.7 0.0
90 1 0 1 12 8 14 6 11 5 3.6 2.7 2.8 2.1 1.9 1.1 1.8 2.0 0.0
95 0 0 0 9 6 9 6 4 4 2.3 2.7 3.7 1.0 3.1 0.9 2.5 2.7 0.0

100 0 0 0 4 4 5 6 3 2 1.7 1.4 1.1 1.5 2.5 1.1 2.4 1.0 1.1
105 0 0 0 4 1 3 5 3 1 2.1 1.1 2.1 0.9 0.9 1.1 0.9 1.8 1.1
110 0 0 0 2 1 1 1 1 2 0.8 0.4 1.6 0.3 0.6 0.9 0.8 1.3 1.1
115 0 0 0 1 0 1 1 1 1 1.3 0.2 0.5 0.7 0.9 0.2 0.7 1.0 1.1
120 0 0 0 0 0 0 0 0 0 0.7 0.0 0.4 0.7 1.3 0.0 0.4 1.2 0.7
125 0 0 0 0 0 0 0 0 0 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.8 0.4
130 0 0 0 0 0 0 0 0 0 0.3 0.0 0.0 0.1 0.0 0.4 0.0 0.1 1.1
135 0 0 0 0 0 0 1 0 0 0.1 0.0 0.2 0.1 0.0 0.0 0.0 0.1 0.4
140 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
145 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
155 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total/Bu. 98 300 227 0 212 184 211 166 173 175 46 95 66 30 47 59 48 24 10
No. Measured 324 530 1014 0 812 1118 1413 435 1428 858 445 533 317 198 149 326 364 183 28

Greater than 3" 9 10 21 0 96 70 104 71 75 50 22 27 21 10 20 15 16 16 7
 > 3" 2004 5 - 13 0 49 68 74 16 63 47 9 - 16 11 14 9 9 9 -
 > 3" 2003 - 4 4 - 41 51 55 - 34 35 9 9 9 7 9 24 7 11 11

Greater than 2.5" 34 57 72 0 144 112 147 103 107 77 25 44 28 12 24 23 18 17 8
> 2.5" 2004 23 - 50 0 98 102 129 31 104 77 11 - 22 14 20 14 12 11 -
> 2.5" 2003 - 23 23 - 91 99 105 - 68 70 13 13 14 11 14 35 11 16 16
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Table 6. Surplus production estimate of the 2005 oyster stock on the New Jerseynatural oyster beds in Delaware Bay. Projections were conducted using the 50th and75th percentiles of natural mortality, the average of 2000 and 2005 growth estimates,and an average of the 2004 and 2005 conversions between numbers and bushels.High-mortality: Beadons, Nantuxent Point, Strawberry, Hog Shoal, Vexton, Hawk'sNest, New Beds, Egg Island, Ledge, Bennies, Bennies Sand; medium-mortality(less Shell Rock): Ship John, Cohansey, Sea Breeze, Middle, Upper Middle; lowmortality: Arnolds, Upper Arnolds, Round Island.50th Percentile Estimate 75th Percentile EstimateSurplus Production Surplus ProductionBay Region (market-equivalent bushels) (market-equivalent bushels)Low-Mortality 10,317 9,227Medium-Mortality -10,094 -60,738Shell Rock 24,157 13,606High-Mortality 21,880 1,461Total 45,640 -36,444
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Table 7. The ratio of spat to oysters by bay region since the beginning of thedirect-market program. Bay regions are de�ned in Table 6. Parentheses show theratio taking into account recruitment enhancement through shell planting.Low-mortality Medium-mortality Shell Rock High-mortality1996 0.156 0.103 0.092 0.1071997 0.214 0.668 0.935 2.7291998 0.599 1.857 1.637 1.9061999 0.613 2.468 5.125 5.1092000 0.094 0.193 0.806 1.0322001 0.050 0.085 0.218 0.5452002 0.188 0.480 4.228 0.7862003 0.052 0.177 0.585 1.092 (1.412)2004 0.035 0.235 1.741 1.8442005 0.317 0.184 0.471 (0.991) 0.808 (0.905)
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Table 8. Summary of shell-planting activities for 2005. Shell-planting was carriedout in July, 2005. Three 25-acre grids received direct plants, Shell Rock 4, 12, and43. A fourth plant o� Reeds Beach was moved upbay in September to BenniesSand 11. Maryland oyster shell, ocean quahog shell, and surf-clam shell were used.Projections of marketable bushels assumed a 3-year time to market size and naturalmortality at the juvenile rate in year 1 and at the adult rate in years 2 and 3. Themortality estimates used were the 50th percentiles of the 1989-2005 time series: forShell Rock, 0.443, 0.182, 0.182; for Bennies Sand: 0.529, 0.267. 0.267. Bushelconversions assume 268 oysters per bushel.Bushels Spat ProjectedLocation Type of Shell Planted Planted Collected Spat/Bu HarvestBenny Sand 11 Replant of surf clam 22,500 12,713,461 565 12,000Shell Rock 4 Maryland oyster 36,752 8,051,590 219 11,197Shell Rock 12 Ocean quahog 18,248 13,503,520 740 18,769Shell Rock 12 Maryland oyster 18,737 2,678,540 143 3,723Shell Rock 43 Surf clam 8,000 2,492,214 312 3,464Shell Rock 43 Ocean quahog 7,600 3,116,607 410 4,332
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Table 9. MSX prevalence / percent advanced / and weighted prevalence (scale of0 to 4) in oysters undergoing natural challenge at Cape May Harbor in 2005. N =20 for each sample. Time 0Source of Oysters May 3-12 July 7 August 8 October 13Maine (Susceptible) 0% / 0% / 0.0 0% / 0% / 0.0 30% / 20% / 1.0 90% / 80% / 3.3Arnolds 0% / 0% / 0.0 0% / 0% / 0.0 5% / 0% / 0.1 20% / 5% / 0.5Shell Rock 0% / 0% / 0.0 0% / 0% / 0.0 5% / 0% / 0.1 10% / 5% / 0.3Cape Shore 0% / 0% / 0.0 5% / 0% / 0.1 0% / 0% / 0.0 0% / 0% / 0.0
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Table 10. An estimate of the unrecorded mortality in 2004 as a fraction of thestock. Bed regions are de�ned in Table 6. Note that higher unrecorded mortality isindicated by more negative numbers; hence a lower percentile rank indicates a highermortality rate. A positive number indicates that recruitment was overestimated orbox-count mortality underestimated. Positive values occur rarely in the time series.The data indicate uncertainty in the survey estimates for the low-mortality bedseither in 2004 or 2005. However, positive values occur more commonly on the low-mortality beds than elsewhere throughout the 53-year time series, suggesting thatrecruitment may be overestimated by slow growth or that boxes of these smalleranimals disarticulate more rapidly than the larger boxes that are more commondownbay. 2005Unrecorded 53-year Post-1988Mortality Percentile PercentileLow-mortality .325 95 95Medium-mortality -.370 33 33Shell Rock -.533 33 27High-mortality -.479 52 67
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Table 11. Harvest statistics for 2005. Fraction covered indicates the fraction ofbed area swept by the dredge during �shing. Fractions above 1 indicate a totalswept area greater than the bed area. Fraction Bushels Percent ofOyster Bed Bed Area (m2) Covered Harvested HarvestRound Island 1,698,741 0 0 0%Upper Arnolds 955,651 0 0 0%Arnolds 2,017,740 0 0 0%Upper Middle 2,124,916 0 0 0%Middle 3,719,584 0 0 0%Cohansey 5,314,243 0.36 2,723 9.68%Sea Breeze 2,338,639 0 0 0%Ship John 4,677,614 0.41 2,691 9.57%Shell Rock 5,866,284 1.06 7,571 26.92%Bennies Sand 1,963,210 0.75 1,315 4.68%Bennies 5,744,726 0.41 2,939 10.45%Nantuxent Point 1,914,582 3.00 5,302 18.85%New Beds 5,958,621 0.25 1,613 5.73%Hawk's Nest 2,021,670 1.12 2,954 10.50%Hog Shoal 957,410 0.57 477 1.70%Beadons 2,553,848 0 0 0%Strawberry 1,595,928 0.51 543 1.93%Vexton 1,489,937 0 0 0%Egg Island 4,045,292 0 0 0%Ledge 1,916,422 0 0 0%Total 36,014,288 28,128 100%
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Table 12. Statistics for oysters going to market, obtained from dock-side monitor-ing of landings. Sizes are given in inches.25th 50th 75th Mean Number Number � 2:7500Mean size percentile percentile percentile per bushel per bushel2004 3.04 2.79 3.08 3.37 302 2832005 3.05 2.73 3.13 3.42 275 253
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Figure 1. The footprint of the Delaware Bay natural oyster beds as de�ned priorto 2005 showing the grid system used. Each grid is a rectangle 0.200 latitude � 0.200longitude, equivalent to approximately 25 acres.
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Figure 2. Annual bay-wide average number of oysters per 37-quart bushel. Errorbars are the 95% con�dence intervals.
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Figure 3. Annual oyster harvest from the natural oyster beds, in bushels.
Seed Bed Harvest
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Figure 4. An example of the distribution of oysters on all grids assigned to Middlein the Spring of 2005 including neighboring grids not previously assigned to any bed.The upper plot shows the cumulative abundance with grids organized sequentiallyby increasing abundance, with the 2% and 50% boundaries indicated. The lower plotshows the 2% and 50% boundaries with respect to the actual abundance estimates,with grids equivalently ordered.
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Figure 5. Delaware Bay natural oyster beds showing the locations of the 2005random sampling sites (white dots) and the revised bed footprint de�ned by thehigh- and medium-mortality grids for Middle, Ship John, Sea Breeze, Cohansey,Shell Rock, and Bennies Sand.
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Figure 6. Average annual bay-wide oyster and spat abundance per 37-qt. bushel,with 95% Least Signi�cant Di�erence con�dence intervals. Underlined values arenot signi�cantly di�erent. Mean = average of annual values. Years are arrayedacross the top.
Delaware Bay Seed Beds

Year 1989 1992 1996 1991 2000 1993 1997 1990 1995 1999 2001 2003 2005 2002 1998 1994 2004 Mean
Oysters 189 178 172 172 153 153 152 151 148 121 119 115 114 110 107 101 95 137

"------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
"------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

"---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Year 1991 1999 1997 1998 1995 1994 1990 1989 2000 2002 1993 2005 2004 1992 1996 2003 2001 Mean
Spat 268 191 151 128 127 124 112 69 55 44 44 29 27 25 22 22 15 83

"----------------------
"----------------------------------------------------------------------------

"-----------------------------------------------------------------------------------------
"------------------------------------------------------------------------------------------------------

"----------------------------------------------------------------------------------------------------------------------------------
"--------------------------------------------------------------------------------------------------------------------------------
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Figure 7. Time series of oyster abundance, cumulatively by bay region. High-mortality: Beadons, Nantuxent Point, Strawberry, Hog Shoal, Vexton, Hawk's Nest,New Beds, Egg Island, Ledge, Bennies, Bennies Sand; medium-mortality (less ShellRock): Ship John, Cohansey, Sea Breeze, Middle, Upper Middle; low mortality:Arnolds, Upper Arnolds, Round Island.
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Figure 8. Total oysters per 37-qt. bushel from the medium-mortality less ShellRock (Cohansey, Middle, Upper Middle, Ship John, Sea Breeze) and and a selectionof high-mortality beds plus Shell Rock (Shell Rock, Bennies, Bennies Sand, NewBeds, Hog Shoal, Strawberry, Hawk's Nest, Vexton, Egg Island, and New Beds).Error bars are the 95% con�dence intervals.
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Figure 9. Average annual oyster and spat abundance per 37-qt. bushel forthe medium-mortality and high-mortality region for the 1989-2005 time period.Medium mortality = Upper Middle, Middle, Ship John, Cohansey, Shell Rock.High-mortality = Bennies, Bennies Sand, Nantuxent, Hog Shoal, New Beds,Strawberry, Hawk's Nest, Beadons, Vexton. Underlined values are not signi�cantlydi�erent according to 95% Least Signi�cant Di�erence con�dence intervals. Mean= average of annual values. * = means that are signi�cantly di�erent.
Medium Mortality Beds

Year 2000 1996 1997 1992 1990 1991 1989 2003 1998 1993 2005 2002 2004 2001 1999 1994 1995 Mean
Oysters 321 309 265 244 225 222 214 213 193 190 189 167 165 155 153 143 138 203*

"--------------------------------------------------
"---------------------------------------------------------------------------------------

"---------------------------------------------------------------------------------------------
"-----------------------------------------------------------------------------------------------------------------------------

"------------------------------------------------------------------------------------------------------------------------------------------

High Mortality Beds

Year 1996 1989 1995 1990 1997 1992 1991 1998 2000 1999 2001 2005 1993 1994 2003 2004 2002 Mean
Oysters 153 105 95 91 91 91 84 80 80 79 67 65 55 52 44 38 28 74*

"-------------------------------------------------------------------------------------------------------------------------------
"------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Medium Mortality Beds

Year 1999 1991 1998 1995 1994 1990 1997 2000 2002 1989 1993 2004 1996 2005 1992 2003 2001 Mean
Spat 351 307 209 179 164 126 113 97 89 70 60 43 36 34 31 29 17 111

"----------------------------
"---------------------------------------

"-------------------------------------------------------------------------------------------------------------------

"-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

"-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

High Mortality Beds

Year 1991 1997 1999 1994 1998 1995 1990 1989 2000 1993 2004 2005 2002 2003 1992 1996 2001 Mean
Spat 273 221 166 166 146 137 107 70 69 46 29 26 25 23 21 16 15 87

"------------------------------------------------------------------------
"----------------------------------------------------------------------------------

"--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

"--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Figure 10. Time series of abundance by bed region. Bed distributions by regionare given in Figure 7.
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Figure 11. Time series of spawning stock biomass by bed region. Bed distributionsby region are given in Figure 7.
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Figure 12. Oyster per 37-qt. bushel by market (�300) and submarket (2.5 to 2.9900)size classes from medium-mortality (less Shell Rock) and high-mortality (plus ShellRock) beds. Bed groups de�ned in Figure 8. Error bars are the 95% con�denceintervals.
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Figure 13. Percent of total oysters in the 2.500 to 300 (submarket) and> 300 (market)categories for the medium-mortality (less Shell Rock) and high-mortality + ShellRock beds. Bed groups are de�ned in Figure 8.
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Figure14.Size-frequencydistributionofspatrecruitingonplantedsurfclamand
oceanquahogshellonShellRock43in2005.
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Figure 15. Annual average condition index [dry meat weight (g)/hinge-to-lipdimension (mm)]. Error bars are the 95% con�dence intervals.
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Figure 16. Annual average condition index [dry meat weight (g)/hinge-to-lipdimension (mm)] by bed group. Low mortality = Round Island, Arnolds, UpperArnolds. Medium mortality = Upper Middle, Middle, Ship John, Cohansey, ShellRock. High mortality = Bennies, Bennies Sand, Nantuxent, Hog Shoal, New Beds,Strawberry, Hawk's Nest, Beadons, Vexton, Egg Island, Ledge. Error bars are the95% con�dence intervals.
Delaware Bay Seed  Beds - Oyster Condition Index
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Figure 17. Oyster growth of spat caught on surf-clam shells planted near Reed'sBeach in summer 2003 and transplanted to Bennies Sand 10 in early Fall 2003.Regression equations show rates of 0.17 mm d�1 and 0.11 mm d�1 for the growingseasons of 2004 and 2005, respectively.
Oyster Growth on Bennies Sand Clamshell Planting
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Figure 18. Annual bay-wide average spat counts per 37-quart bushel. Error barsare the 95% con�dence intervals.
Average Spat Counts- Delaware Bay Seed Beds
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Figure 19. Number of spat recruiting per year for the 1953-2005 time series,cumulatively by bay region. Bay regions are de�ned in Figure 7, with Shell Rocksplit out from the remaining medium-mortality beds.
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Figure 20. The number of spat recruiting per >20-mm oyster per year on thehigh- and medium-quality strata.
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Figure 21. Cumulative number of spat recruiting to 20-oyster-shell bags deployedin the last week of June and collected bi-weekly through September. Colors identifythe month of settlement. Circle diameter indicates the number of spat that settledduring that time period. Total diameter indicates the cumulative number of spat.Note that circle diameter bears a nonlinear relationship to total spat counts.
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Figure 22. Trends in cultch, expressed as quarts m�2, for the time period 1998-2005 for oyster beds sampled consistently in all years.
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Figure 23. Relationship between Fall Dermo infection intensities and Fall mortalityas measured by box counts. Each point corresponds to a measurement from onebed for one year. The regression is signi�cant at P < 0:05.
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Figure 24. Mean and 2005 Dermo prevalence in oysters on New Jersey DelawareBay oyster beds. Error bars are 95% con�dence intervals.

68



Figure25.Meanand2005weightedprevalenceofDermodiseaseonNewJersey
DelawareBayoysterbeds.Errorbarsare95%con�denceintervals.
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Figure 26. Time series showing the relationship of Dermo disease prevalenceto periods of increased natural mortality in Delaware Bay oyster populations.Horizontal line represents the time series mean. WP = weighted prevalence.� � � � � � � � � � 	 
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Figure27.Meanand2005box-countmortalityonNewJerseyDelawareBay
oysterbeds,renderedasthepercentofbeginningyearabundancethatdied.Error
barsare95%con�denceintervals.���� �����	 
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Figure 28. Broodstock-recruitment relationship for the 1953-2005 time period forthe natural oyster beds of Delaware Bay.
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Figure 29. The relationship between oyster abundance and box-count mortalityfor the 1953-2005 time period for the natural oyster beds of Delaware Bay.
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Figure 30. The relationship between recruitment and box-count mortality for the1953-2005 time period for the natural oyster beds of Delaware Bay.
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Figure 31. Number of oysters harvested from the natural oyster beds of DelawareBay. Prior to 1996, the bay-season �shery removed oysters from the beds andtransplanted them downbay to leased grounds. The direct-market �shery began in1996. In 1997, an intermediate transplant program began. In this �gure, since 1996,the total stock manipulation, including transplant and direct-market is identi�ed asthe apparent harvest; those oysters landed are identi�ed as the real harvest. Zerosrepresent years of �shery closure.
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Figure 32. Catch (in bushels) per boat day.
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Figure 33. Size frequency of oysters landed in 2005.
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Figure 34. Oyster removals by bay region during the 1953-2005 time period. After1996, the total re
ects both the direct-market removals and those transplanted bythe intermediate transplant program. Bed groups de�ned in Figure 16. Negativenumbers indicate bay regions in which the addition of animals by transplantexceeded the loss due to �shing.
19

55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

R
ea

l F
is

hi
ng

 M
or

ta
lit

y

Low Mortality Beds

Medium Mortality Beds

Shell Rock

High Mortality Beds

78



Figure 35. Summary status of the stock for 2005. Green (+) indicates variablesjudged to be above average. Red (-) indicates variables judged to be below average.Average, indicated by a `0', is de�ned as within the central 40% of the rangeof conditions. Judgements concerning trend, e.g., improving, are relative to theprevious one or two years. Spatial extent refers to the disperison of the stock acrossthe salinity gradient.
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Figure 36. Position of the oyster stock in 2005 with respect to biomass andabundance targets and thresholds. The target is taken as the median of abundanceor biomass during the 1989-2005 time period. The threshold is taken as half thesevalues.
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Figure 37. Exploitation rates, based on the numbers of individuals present in thefour bay regions and the number removed, either by transplant or harvest, fromeach for the 1989-2005 time period. Elsewhere, this is termed the apparent �shingrate (e.g., Figure 31). Zeros represent years of �shery closure.
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