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1. Introduction

Oyster stocks in the Chesapeake Bay provide valpeadple in several ways. In the
most obvious sense as a fishery resource, theyajenalue along a market channel that
begins with harvestetsnd continues through wholesalers, processorsedaiters up to
their ultimate consumption. In a somewhat lessaegt sense, oysters play an important
role in the ecosystem of which they are a part,thnde services work through to people
in such benefits as improved fishing, improved watarity, and greater ecological
diversity. Although markets for these ecologicaivices do not exist, there are methods
for imputing values for them as described in Hiaksl others (2004).

Given the decline in oyster harvests over the pastears, the current fishery is clearly
worth much less than it used to be. In simplashsethe 1982 Maryland harvest of

2.309 million bushels had a value in constant 288lGar terms of $36.55 million. The
2007 harvest of 0.165 million bushels had a vailn@@00 constant dollars) of $4.27
million. Considering these endpoints for grosgesalhe harvest value has declined by 88
percent over the period. But this does not captwedull loss of value, even with respect
to only the commercial value of oyster stocks.

Because oyster stocks are a renewable resour@econ@mercial value does not reside
solely in the current year’s harvests. Futureésts are implicit in the resource, and
these form part of the value of oyster stocksrelmewable resource markets with well-
defined property rights, optimal harvests are tgjtycimagined as periodic withdrawals
that maximize the net present value of the resolNeepresent value of oyster stocks
(ignoring for the moment environmental benefitsust the sum of present harvest value,
net of harvest costs, and the discounted expe&tetturns of future harvests.

Net present value is largely dependent on theastaate, stocks, and the rate at which
stocks grow. Product prices and harvest costseadter into the calculation but, for a
biological resource that grows fairly rapidly asdighly fecund, net present value is
largely determined by how much of the stock cattelen in the current period without
undermining the stream of value anticipated frotar harvests.

Although the maximization of net present value @ienercial harvests is a useful
conceptual starting place, since the Chesapeak®sgr fishery is managed in large
part as an “open-access” resource, market incentieenot drive outcomes in that
direction. Rather, because profits can be haddséing even a diminished oyster stock,
and because whatever one harvester does not takbea may, the harvest industry is
burdened with an unfortunate incentive to fish aweeynatural resource rents (profits)
inherent in a maximum net present value of theefigh In the discussion that follows we
will assume an alternative management regime foestimates of the net present value
of the commercial fishery.

! While this market channel could be argued to gthar to harvest, to the extent that public seetutities
invest in the production of oysters on the bottemvatermen to harvest, the present paper does not
account those production costs. For a discusditioge costs see Wieland (2008)
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In addition to the watermen who harvest oystersdithat aggregate, process, and retalil
oysters have suffered from the decline in the oyst®ource. To the extent that oysters
can be gotten from other sources, the impactschfoed Chesapeake Bay harvests on
consumers, processors and retailers are mitigatedewhat. But it is clear from the
decline in the Chesapeake Bay oyster packing img(sipton and Kirkley, 1994) that

the decline in the local fishery has significangaieve effects on that part of the market.
Firms that sell and service the equipment necededrgirvest and process oysters have
also suffered losses from the decline in oystevdstimg. Oysters harvested elsewhere
do not help these support industries.

A complete measure of the value of oyster stocksisi¢o also account contributions
from the ecological services provided by thoselkgocCerco and Noel (2007) address
potential environmental gains from a ten-fold i in existing oyster biomass and
project that such an increase would generate atietuf system-wide summer surface
chlorophyll by about 1 mg per cubic meter of watecrease deepwater dissolved
oxygen by 0.25 g. per cubic meter; add 2,100 kepothon to summer submerged aquatic
vegetation; and remove 30,000 kg of nitrogen pgrtdeough denitrification. These
benefits could substantially improve ecosystem tiondn regions of the Bay, generating
benefits to people with respect to fishing, watealdy and ecological diversity.

The goal of this paper is to address the net ptesdme of oyster stocks with respect to
commercial and environmental benefits under differeanagement scenarios. This
objective is complicated by several factors. Rrenently, neither oyster stocks nor
stock change are precisely known. Several estsriatee been made for oyster stocks in
the Chesapeake Balut, because of the practical difficulty of accting a large amount
of Bay bottom that can only be imperfectly samptéére is a lot of uncertainty in those
estimates. Secondly, oyster stocks in the Chekap®ay are now in a state of collapse.
Hence, whatever uncertainty there might have beentsstocks and stock change under
normal conditions is likely amplified under the nt, exceptional circumstance.

While limitations in the scientific understandinfayster stocks and their change over
time are important to recognize, recent empirical analytical research has extended the
understanding of some of the factors that drivekstinange, with particular respect to
habitat, disease and recruitment. Moreover, coruiaegurices are fairly stable, as are
production costs. Interest rates are known. Amemic estimate of the net present
value of the oyster fishery requires a growth fatestocks and one is proffered in the
discussion below. If, as is hoped, better estimiestock growth become available in
the future, the economic model developed in thigeparovides a basis for estimating the
net present value implications of that improveaesce.

The following section describes in general termsredes for oyster stocks and elements
of the change in oyster stocks in recent histéiter reviewing recent findings with
respect to natural (disease) mortality, habitast@mts, spawning and recruitment, and

2 Newell (1988); Jordan and others (2002); Greenh&@iRonnell, and Barker (2007); Volstad and others
(2007).



management issues, a counterfactual is proposeddastimated history of oyster
stocks in Maryland’s portion of the Chesapeake Bahe absence of harvests. This
counterfactual provides the basis for an estimateeonatural growth rate of oyster
stocks in the northern Chesapeake Bay under recaxlitions.

In Section 3 a model is proposed for using the estimated ogstek growth rate along
with literature values for the carrying capacitytioé northern Chesapeake Bay, to
estimate a net present value for the fishery vapect to commercial harvests. This
model considers a 100 year time horizon and is©éurtleveloped to accommodate
closures (harvest moratoriums) of varying lengthke model also takes up ecological
values in the measurement of net present values@wgiders its own sensitivity to
different stock growth rates, carrying capacityreates, and discount rateSection 4
discusses the model findings with respect to thelitical economy and institutional
issues inherent in shifting to a net present vatagimizing approach to managing the
oyster resource. In our conclusion, we summanzendeled findings and suggest a
shift in the mandate under which oyster manageesatp. We recommend targeting a
higher net present value for the oyster resource.

2. Estimating Stocks and Stock Change

2.1 Estimating Oyster Stocks

Basing his estimates on long-term harvest data,dN€®h088) suggests that standing
stocks of oysters in Maryland’s portion of the Ciig=make Bay might have been as high
as 229 million bushels prior to 1870. He convértse bushel abundance estimates to
dry-weight biomass by a fixed factor and exten@sabnsequent abundance and biomass
estimates to Virginia’s portion of the Bay, tregtivirginia’s standing stock as a
percentage of the Bay-wide harvest. Newell estsattotal oyster biomass of 188
million kg dry-weight for the entire Chesapeake Bayor to 1870. He estimates total
oyster biomass in 1988 to have been 1.9 millionkkgweight; roughly one percent of
what might be taken for the carrying capacity pagah maximum. Error bands were

not attempted for these estimates.

Due in large part to a commitment by Virginia andriyland to increase 1994
Chesapeake Bay oyster stocks 10-fold, efforts v@ld@ more robust estimates for
standing stocks have been joined over the pastideckrdan and others (2002)
undertook a detailed estimate of stock abundanddmmass in Maryland’s portion of
the Chesapeake Bay, based on fisheries indepeadeériishery dependent data. Fishery
independent data were generated from sampling sitdS surveyed each fall from 1990
to 2004. Harvest data were obtained from DNR’s commestigllifish harvest dataset.

Jordan and others (2002) used dredge survey saatad¢o estimate length-to-weight
ratios and indices of relative abundance at thasgte sites. Those resulting (fisheries

% See Smith and Jordan (1993).



independent) abundances were then regressed osstsate determine how well the
former predicted the latter. Finding a significéibtthey made the assumption that the
difference between actual harvests and their ptedlicarvests in any given year is
caused by different rates of fishing mortality. eyHurther assumed that fishing mortality
in their base year (1991) was 53 percent. Fromsetlssumptions and parameter
estimates, they estimated mean total oyster abaedarMaryland’s portion of the Bay
from 1991 to 2001 at 478 million. Estimates fatiindual years range from 266 million
to 629 million oysters. The mean total biomass s period was estimated at 574
million g dry weight and ranged from 241 to 864lmin grams dry weight.

Most recently, Maryland Department of Natural Reses units at the Cooperative
Oxford Laboratory, and the University of MarylandaNhe Estuarine and Environmental
Studies Prografrhave undertaken annual estimates of oyster biomadaryland’s
waters, based dredge surveys on harvest bar sangi@s. Through the Virginia
Institute of Marine Science Department of FisheBegence Molluscan Ecology Program
and the Virginia Marine Resources Commission CoradiEm and Replenishment
Division, Virginia is undertaking a similar stocksessment in its waters. These efforts
to assess stock abundance and biomass in botmMignd Maryland are aimed at
providing consistent estimates for the entire BRgtimates of total abundance and
biomass for the last 13 years are reportebaible 1

Table 1: Oyster Abundance (million oyster s) and Biomass (million g dry tissue

weight) By State & Year
Year Maryland Virginia Total Bay Maryland  Virginia Total Bay

Population  Population  Population Biomass Biomass Biomass

1994 589 1404 1942 705 514 1218
1995 505 1926 2431 668 513 1180
1996 514 1781 2296 657 683 1340
1997 496 1164 1660 732 475 1207
1998 635 1606 2241 782 587 1369
1999 586 1973 2559 823 590 1413
2000 528 1820 2348 731 682 1414
2001 430 1717 2147 591 710 1301
2002 157 4193 4350 247 571 818
2003 286 2367 2653 317 587 904
2004 227 2311 2538 308 787 1095
2005 241 2144 2385 368 1052’ 1420
2006 201 1824’ 2025 339 855 1193
2007 179 258

Source: Chesapeake Bay Oyster Population Estinfatps/www.vims.edu/mollusc/cbope/index.htm
* Provisional estimates

These abundances are based on sampling in the bagms of both states, factored by
the projected area of available habitat in eacimba&s an indication of the potential
measurement error for Maryland’s estimates, a taemonsideration of the length of tow

* With funding from NOAA'’s Chesapeake Bay Stock Asseent Committee and the EPA Chesapeake
Bay Office.
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for dredge samples resulted in changes in abundsstireates that ranged from 26
percent to 1 percent of the original estimates.

Recognizing that any practical attempt to countengsin the Bay will entail some
measurement error, the Chesapeake Bay Oyster Riopulstimates (CBOPE) provide a
somewhat standardized calculation of stocks owee.tiThe Maryland CBOPE estimates
are not radically different from Jordan and oth¢2€02) estimates, even though they are
based on different methods of calculation (thowghely the same sample sites).
Moreover, Newell's much simpler model, while apgdlie a year (1988) outside the
CBOPE range, generates a whole-Bay biomass estthedtes not drastically different
from the CBOPE estimates.

To the extent that these estimates mirror whattisadly happening on Chesapeake Bay
bottom, it is interesting to note that Virginia'sgulation estimates, which show
consistently greater abundance than Maryland'«stoad less total oyster biomass than
Maryland until 2001. This outcome is in keepinghathe generally held view that, in
Virginia’s higher salinities, stocks recruit bettart are cropped by disease more
completely at larger sizes. From 2001 onward, hanyeMaryland’s stocks fell to such
small numbers that, even with oysters that arevenage smaller, Virginia’s total oyster
biomass began to exceed that of Maryland’s.

Maryland’s oyster numbers and biomass are on a& dmanward trend with the most
recent year’s abundance diminished by two thirdsmfabundance at the start of the
period. Based on either their provisional estirmatethe last year for which they have
certified estimates, Virginia's oyster biomass @ased over the same period.

As described in the introduction, current stoclkes@mly one part of the measurement of
net present value; albeit an important part. Smee of the stock effects of harvests and
other determinants of stock change is needed iard@odestimate expected net returns
from future harvests. While the idea that lowerrent harvests might allow stocks to
grow faster carries intuitive appeal, other motydiactors and limits to growth (i.e.,
habitat constraints and spawning and recruitmeieis) must be considered.

2.2 Factors Affecting Stock Change

Since it is difficult to know oyster abundance fe tChesapeake Bay with certainty at any
given point in time, it is also difficult to knowack abundance at two points in time. On
the other hand, when harvests decrease drastaalpen sampling efforts turn up large
numbers of recently dead oysters, it is reasonddtiiced that stocks have declined.
Below, we consider some of the environmental coonait including disease, habitat and
spawning and recruitment issues that are though¢ tonportant factors for stock change.

2.2.1 Disease Mortality:



Two diseases have decimated Chesapeake Bay otstks sver the past fifty years.
MSX (Haplosporidium nelsoij is thought to be an imported disease (Burresoh a
others 2000) of fairly recent origin to the Bay.rdquires higher salinities and exhibits
maximum pathology at temperatures around 20 degesgggrade and salinities of 30
parts per thousand (ppt) (Dungan 2007). No on&iyatvs how this disease is
transmitted, and its agent has not yet been cudliareitro. Some evidence exists that
domestic oyster stocks can achieve some toleranttestdisease over several
generations of exposure (Mann and Powell)

Dermo diseasePerkinsus maringshas been observed in the Bay for at least 5Gyear
though its epizootic effects have manifested ienécecadesPerkinsus marinugs
transmitted between hosts, surviving for some t@me distance in the water column and
it can tolerate lower salinities than MSX (3 pphl)is, however, most virulent at higher
salinities (>9 ppt) and temperatures (>25 degreatigrade). Dermo disease affects
between 60 and 98 percent of oysters in the Chakapgay (Tarnowski, MD Fall

Survey 2006). Brown and others (2005), report disfied disease effects in cohorts of
oysters from different populations, indicating sogemetic-based disease tolerance, and
Dungan (2007) reports evidence of resistance armomg wild Virginia oysters.

Both diseases tend to kill oysters of older yeassks, and both can be chronic in local
stocks. Tarnowski, 2006 reports non-fishing (cs&@amortalities in Maryland that in
drought years range from 40 to almost 60 perceathime years out of 22 greater than 30
percent, and only eight years out of 22 less tttapetcent. Mann and Powell (2007)
report age-specific local mortalities in exces3@fpercent in Virginia.

Volstad and others (forthcoming) use Maryland DR dyster survey data to estimate
mortalities somewhat differently than had been dpneviously. They use numbers of
recent boxes (dead oysters whose shells remaitiedlared and were not fouled with
sediments), old boxes (dead oysters that weredpalied live oysters to establish short-
term estimates of mortality. They treat the rafioecent boxes to live oysters as a rate
of mortality per “one to two weeks” and then fadiiois by the length of time over which
oysters are vulnerable to disease mortality (20keé®m June to October) to arrive at
an annual likelihood that any given oyster will.die

The mortality estimates arrived at in this fashi@ve the desired characteristic of
tracking reasonably with expectations, given whadnown about the relationship
between salinity and disease virulence. Specijicdloyster bars are disaggregated into
three salinity classes (high, medium and low) agary are rated by disease intefsity
across all bars from Tier 1 (highest) to Tier 3Wdst), basing disease mortality estimates
on recent boxes tracks more closely to empiridatisaand disease intensity rates than

> While local stocks suffering consistent exposoréhe disease may adapt over several generations,
genetic contributions from unexposed and theredoseeptible populations can mask the benefit df tha
adaptation.

® As defined in Tarnowski (2003): Tier 1 (high derintensity greater than 2.85), Tier 2 (dermo inigns
between 2.85 and 2), and Tier 3 (dermo intensiy than 2).
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earlier methods. The annual mortality likelihodaisthe whole Bay derived by this
method are somewhat higher than earlier estimathesy are reported ihable 2

Table 2: Annual Natural Mortality for Market Sized Oysters

Salinity Class Disease Tier 1 Disease Tier 2| Disease Tier 3
High .79 51 23
Medium .59 43 13
Low .34 22 .10

Source: Volstad and others, 2007.

A demographic model developed by Volstad and ott@067) uses these mortality rates
to predict probabilistic outcomes based on his&breeather patterns and the salinity
prospects for each of the oyster bars in the Balitartributaries. In that model, on any
oyster bar experiencing high salinity (>15 ppt)e af three mortality outcomes will

obtain in a year; one tracking high disease intgnsne tracking medium disease
intensity and one tracking low disease mortalityd ao on for medium and low salinity
bars. The demographic model randomly assignseaskstier to the salinity class chosen,
based on empirically determined probabilities.

2.2.2 Habitat Constraints

Because oyster recruits need hard substrate totaffand because there is very little
hard substrate in the Bay other than live oysteds@yster shells, oysters can be seen as
creating their own habitat. Dense assemblagegstérs can keep themselves free of silt
and accrete shell under amenable conditions, lausspopulations and shell without

live oysters will silt over through time, reduciagailable habitat. Concomitant with
diminished oyster stocks, oyster habitat in thesapeake Bay is significantly degraded.

Smith and others (2005) report that 90 percent afyldnd’s productive oyster bottom as
defined by the Yates surveys (1913) has degradedith sand or heavily sedimented
oyster shell. Of the portion of their sample thas identified as unsedimented shell, 70
percent was from areas that had been replenishiacsihell at some time over the past 40
years. They found in the statistical analysisheirt survey data that improvements to
habitat (i.e., shell planting) appear to be shiegd; around five years. Their sample was
composed primarily of open-harvest oyster bottoriaryland’s portion of the Bay.

Powell and Klinck (2007) develop a model for thiatienship between habitat and
stocks based on the eastern oyster’s evolutiorieaiegy for success. Under that
strategy, recruits depend on the shell that susvieea period, after older oysters die. If
a given stock loses its natural age structureeettirough harvests or disease, this
strategy fails because habitat requirements cabenatet.

The apparent inability of current oyster stocksrate sufficient habitat for stock

maintenance or increase can be addressed by spiehishment up to a point. But,
Mann and Powell 2007 estimate that restoring 118086s of Virginia’s Bay bottom
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would require 110 million bushels of shell — ov@02imes more than is being planted
under restoration activities, currently. Moreouscause of expected disease mortality
and gradual shell loss, such habitat restorati@ngeed to require continuing infusions of
shell if it is to be maintained over time.

Currently, shell replenishment suffers from coriatgd supply in both Maryland and
Virginia. In earlier years, Maryland shellfish namers were able to dredge shell from
deposits in the northern part of the Bay’s maimster shell replenishment on harvest
and seed bars. Between 1985 and 2005 shell pigntomposed primarily of dredged
shells averaged 3.inillion bushels a year in the State. However sites from which
shells were obtained have been closed since 2D6eatenishment from that source has
been suspended. Virginia’s shell replenishmepteponderantly dependent on shucked
shell from packing houses. While shells remainlalate from this source, the volume of
the resource is limited to between 350,000 and@@bushels per year

Available habitat (hard substrate) is a necessarybt sufficient condition for oyster
recruitment. If there are no spat to settle athfer environmental conditions are not
appropriate, then recruitment will be constrain&till, for any given number of spat

disbursed across the Bay’'s water column under gaveironmental conditions, less

substrate is taken to imply lower recruitment aacthmensurate stock growth.

The demographic model proposed by Volstad and sf2807) treats available habitat as
a fixed amount of either “high quality” or “low glig” oyster cultch on historical oyster
bottom. The estimate of extant oyster bottom seddargely on Smith and others’
(2007) reported decline from the recent (1978 -4)9%8aryland Bay Bottom Survey
(MBBS) acreage and the earlier Yates delineatidrogyster bottom. Mappings of

MBBS and Yates bars are reduced by factors defroed Smith and others’ findings.
The remaining area is then evaluated as being @2pelow quality substrate and 8
percent high quality substrdteThis initial base of habitat is retained throaghthe ten
years of model runs.

It is clear from both the MBBS and Smith and othé2605) survey that suitable oyster
habitat in Maryland’s portion of the Bay is decfigiover time, up to the present. Shell
replenishment has some short-term beneficial eféewd this is captured by Volstad and
others’ model as a diminishing positive factor (dmdes the recruitment potential of low
quality bottom in the first year, declining to unét the end of the period) on
replenishment sites over five years following th@anting. But, as mentioned above, in
reality shell replenishment is likely to be mucldweed in Maryland’s portion of the Bay
in the future. Moreover, by using the initial halbicondition as a constant over all the
years of the model runs, the model does not caphereonstant decline in oyster habitat
that appears to be ongoing in the northern Chekagay.

" MD DNR Seed and Shell Reports, various years.

8 Jim Wesson, VMRC, personal communication.

® There are small differences in the allocationkigh and low quality substrate on Yates versus MBBS
polygons that are lost in rounding, here.



2.2.3 Spawning and Recruitment

Independent of habitat constraints, recruitmer@hiesapeake Bay oyster stocks is
difficult to predict. This is in part due to thaeck of precise stock estimates. But in
another part, it results from the occurrence o$eghic large recruitment events (spat sets)
in the Bay (Ulanowicz and others, 1980), which camid statistical relationships

between spawning stock and recruitment. The caafdbese occasional large spat sets
are not well understood, but there are indicattbasit is a “natural” phenomenon in
terms of the way that Eastern oysters achieve gmabsuccess (Rose and others, 2006).

Kimmel and Newell (2007) report findings of an inse relationship between previous
years’ harvests and current year spat-sets in ties@peake Bay from 1940 to 1977.
From 1977 to the present, as both stocks and Hargeslined far below historic levels,
the relationship between previous year harvestda@toving year spat set is muted. In
that period, environmental conditions are the nsigaificant factors predicting
recruitment. It is important to note, howeveagtthrevious year harvest is a confounding
variable in that it contains information about bstbck levels (higher harvests imply
larger extant populations of market sized oystans) the number of spawners that were
removed from stocks, reducing future spawning pcaen

In Volstad and others’ (2007) demographic modedyspng is treated as a function of
the number of surviving female spawners and theg distribution. Recruitment is
estimated using empirical averatjesf spat per spawners across salinity conditioms an
available habitat. Episodic large recruitment @éseme modeled by allowing recruitment
to occur at a level defined by the average of euflarge) spat sets with a fixed
probability. At a higher probability, the modelassthe ratio of spat to spawners
measured by empirically estimated ratios with eusliexcluded.

This description simplifies the treatment of retment in the Volstad and others (2007)
demographic model, and only identifies the fundaaerlationships used. A sensitivity
analysis undertaken in their report did not shdarge stock effect from moderate
changes in rates of recruitment. However, théaintondition used for the demographic
model in Maryland waters has fewer spat than saralmarket-sized oysters, signifying
recruitment failure. Initializing a model on sugh extreme condition could be
reasonably expected to generate exceptional reSults

2.2.4 Resource Management and Change in Oyster Sto  cks

There are limited prospects for overcoming theibesito stock growth (i.e., disease,
habitat loss, recruitment failure) described aboBg.ceasing the movement of diseased
oysters from higher salinity waters to lower salinwaters, it is possible that disease

19 principally, MD DNR Fall Survey and disease segltsite data.
™ This problem is noted by the authors (Volstad aiiers (2007) pg. 28).
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virulence in some less saline waters may atteftiatBut it is not clear how great an
effect such a change would have on disease mgrtasitboth diseases are currently
endemic throughout the BHy The only other means for controlling disease on
oyster stocks is to obtain a disease-resistanenyst

Habitat constitutes an important constraint to eystock growth under current

conditions. Mann and Powell’s analysis suggestsetis insufficient shell available to
meet habitat needs for stock growth as envisagddruihe EIS goals, even if the

financial resources required to place it were ad. On the other hand, those estimates
presume continued harvests and Mann and Powelrj2inot model how long it might
take natural stocks to develop sufficient abundao@ecrete shell across a larger portion
of Bay bottom in the absence of harvests.

With respect to recruitment, the inverse relatign&etween previous years’ harvests and
present year spat set identified by Ulanowicz (398@ extended by Kimmel and

Newell (2007) is interpreted as indicating thatro@ment was constrained by available
spawners before diseases reduced stocks so drallyatiche 1980s and 1990s. Under
that interpretation, reducing harvest mortality Vaolbe a means for increasing the
number of spawners anckteris paribusincreasing recruitment.

Given current conditions and evidence, harvestdikely to reduce future stocks by
reducing available habitat and by removing potésfawners. Reduced harvests would
increase disease mortality, as the oyster not Baatldnas an improved likelihood of
succumbing to disease. But the unharvested ogtstehas a higher likelihood of
surviving and spawning than the harvested oydW#areover, in the longer term, constant
exposure to disease in the absence of fishing fiigrtauld be expected to speed up the
rate at which Chesapeake Bay oysters develop digeesistance to either of the two
diseases (Ryan Carnegie, Virginia Interagency @ylstam Memo, February 6, 2008).

Among the available resource management optian&jrig harvests is the most
promising practical approach for arresting the idedin oyster stocks in the Bay, short of
replacing domestic stocks with a disease resistgster. The question then becomes, by
how much would a cessation of oyster harvests #h@xurrent decrease in stocks in the
northern Chesapeake Bay, or increase stock growiirginia’s portion of the Bay? The
estimation of the net present value of the fishetgrgely dependent on the answer to
that question.

Although point estimates for any of the factorstafck change and stocks themselves
carry considerable uncertainty, scientists areoreasly certain that disease is a pervasive
problem with modulated virulence over seasons aaasy Habitat is limiting and
shrinking. And, harvests remove some portion @filable stocks of both oysters and
shell in the fall and winter of each year. Bosh@ries-independent sampling data and
harvest evidence suggest that stocks in the nortbeat of the Bay are shrinking in
abundance and biomass, while abundance seemsstalide or slightly improving in

12 UMCES (2005)
13 McCollough and others (2007)
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Virginia’s waters. Although there is uncertaintythese propositions, the trends that
they suggest are widely accepted.

Given the uncertainty about both point estimatestae environmental conditions that
will obtain in coming years, in the following semti we take a simpler approach. We
make the simplifying assumption that all of the artpnt factors effecting stock change
(e.g., spawning and spat-set effects, shell plgreffects, water quality effects, disease
effects, harvest effects, etc.) are captured imeberd of stocks and harvests over the
past 14 years. Using estimated stocks of marketisaysters and reported harvests, we
then suggest a counterfactual for stock changeyfri@rvest effects.

2.3 Market Stocks in the Absence of Harvests

The abundance of market sized oysters is estinigt&NR'’s Fall Survey which
provides a count of market sized oysters at theoéiteir principal growing, spawning
and disease impact period. The count preceddsativest. And, as the harvest spans
two calendar years (i.e., the fall of one yearanter of the next) any given harvest is
counted as happening in the year after the cousiioak available for that harvest. Thus,
with stock estimates and harvest volumes, it isiis to separate out recruitment (to
market size) net of disease across the seriesnofahstock estimates and harvest rates.
To see this, consider the accounting relationsBifmcks = Stockg; — Harvest+
Recruitment— Disease. With estimates for stock abundance and haraestss
periods, we can separate out harvest-adjusteditraent net of disease mortality as this
has transpired over 13 of the 14 years for which DNIR have dataTable 3 does this
using DNR stock abundance estimates for marketl @ysters in Maryland waters of the
Bay and DNR commercial fisheries harvest data.

Table 3: Stock Change (Markets)* in the Absence of  Harvests

Year g Net Recruits

Stocks (Millon ~ arvests DliseEs (Million

(Million Mortality
Oysters >72mm) Oysters) (percent) >72mm
Oysters)
1994 218.06 23.885 20.42%

1995 240.90 49.392 25.23% 59.771
1996 235.94 59.939 23.53% 40.875
1997 268.09 53.280 13.45% 78.266
1998 254.10 85.494 15.98% 57.845
1999 289.16 126.966 26.40% 128.508
2000 267.31 114.203 32.05% 55.741
2001 214.89 104.390 39.05% 11.203
2002 81.19 44.447 52.04% -112.375
2003 84.52 16.752 36.87% 13.902
2004 101.29 7.941 17.26% 23.341
2005 150.64 21.665 12.81% 68.239
2006 135.80 46.331 14.06% 24.978
2007 81.93 49.518 20.65% -14.572

Net
Recruitment
Ratio

27.41%
16.97%
33.17%
21.58%
50.57%
19.28%
4.19%
-52.30%
17.12%
27.62%
67.37%
16.58%
-10.73%

Stocks
Sans
Harvests

218.06
277.83
324.97
432.77
526.14
792.23
944.95
984.55
469.68
550.10
702.01
1174.95
1369.77
1222.79

* Qysters greater than 72 mm in length.
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In this table we have calculated net recruitmerthasannual apparent change in stocks
plus oysters that we know were harvested in the, yaetored by 1 minus the annual
disease mortality raté. Expressed mathematically:

Net Recruitment= (Stogk Stock +) -(1 Disease Mbtyq) *Harvest, .

This measure of recruitment minus disease is thadedl by prior year stocks to provide
an estimate of proportionate change from one ctuutiite next (i.e., Net Recruitment
Ratio)®>. We estimate cumulative market sized stock aburelin the absence of
harvests by starting with 1994 stocks and factatitoge and each subsequent year by
one plus the rate of harvest-adjusted net recrmtmim only two years over the period
does disease mortality outweigh harvest-adjustediitenent, though when it does, as in
2002, it can do so with a vengeance. The projetiadket-sized population at the end of
the period is more than a 4-fold increase abovienagtd starting stocks, and almost 14
times greater than estimated ending (2007) stocks.

Caution is needed in interpreting these resultse Stock estimates, as discussed
previously, have considerable uncertainty. Muckdf uncertainty is derived from
scaling-up sampling results to entire basins. Tatariance in the sampling or error in
assumptions about the rest of the habitat in tisenbman generate large errors when
thought of as actual numbers of oysters in eacinbd8he harvest figures are also
uncertain. Certainly, actual harvests are largen reported harvests, but it is not known
by how much. Since available habitat is thougtida constraint on stock growth, how
likely are increases on the scale suggested ineTahl Moreover, in a population with a
higher percentage of older oysters as implied /ttkatment, would net recruitment
rates be lower due to higher mortality rates?

With respect to the error inherent in total popolaabundance estimates, it is not fatal to
the underlying argument if these are not actualevgsn the Bay but merely relative
abundances, given consistent statistical treatntérggmples over time. Obviously, the
closer annual total abundance numbers are to athedbetter. But, even if both harvest
and stock estimates are relative indexes, using teewe have to distinguish direct
harvest effects on stocks is valid as long as Hutly track their respective variables
consistently’. Recognizing that reported harvests are lessttitahharvests, we can
claim to have a conservative estimate of the séffdcts of harvestd Consistent with
this, the rates of harvest estimated with these dia considerably lower than expected

14 Mortality rates are from MDDNR Fall Survey datadaare specific to market sized oysters.

5 The linear relationship between stocks and grafihwn in Table 3 is used only to derive an intgnsi
growth rate of the stock (to be used in the logigtowth function in section 3). This relationsisgikely
linear near the origin (which approximates curm@niditions). To the extent that the data compiled
MDNR is credible, and to the extent that oysterylafion growth follows a logistic pattern, our estite
of the intrinsic growth rate is an underestimatesiwe are fitting the linear relationship at acktthat is
(hopefully) greater than the minimum viable popiolat

'8 1t must be noted that if habitat consistently i in reality but is held constant in basin stock
estimates, this condition is not met. Howeverpéthe current demographic models suffer this b
" Another way in which reported harvests underegtraatual harvest mortality is the number of oyster
killed by harvesting equipment but not harvestBaynter (2007) reports mortalities as high asé&@ent
of residual oysters on one of the managed reserves.
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(average, 28 percent for the period), implying #itter stock estimates tend to the high
side or reported harvests understate actual hapasboth.

With respect to habitat, Mann and Powell (2007 uarthat shell stock is a binding
constraint on oyster stock growth. However, thisp aote that natural death of oysters
is essential to contributions to habitat and teataval by fishing reduces those
contributions. In the no-fishing scenario devetbpeTable 3, natural (disease) mortality
results in additional shell for spat settlemenpatSsettlement enters into Table 2 only
indirectly, as whatever recruits enter the markat slasses had to have set two or more
years earlier in order to generate the observeds @trecruitment net of disease.

Whether the larger numbers of spat implied at higheck abundances could have found
adequate habitat in the absence of fishing remasalst known. However, spat do also
set on living oysters and, to the extent that #meaving fishing effort results in both
more living oysters and more empty shell on theédmof some additional habitat would
be available for recruits under the no-fishing scen

With respect to whether harvest mortality is addiéil or compensatory,by focusing on
change in market sized oysters, we assume thalyters harvested in a given year were
neither more nor less likely to die of diseasenm ¢coming year than those oysters that
were not harvested. The seventy two percent oketaized oysters that (on average)
survived harvests each winter went into the neaivgrg season and either died or
survived (and spawned) at the rate that is captoioiduely in the net recruitment
measure.

Tarnowski (2005) emphasizes the drought period 392002 in pointing out that oyster
sanctuaries developed the same cropped age s&adirarvest bars by the end of that
period. Table 3 also indicates that stock gromtiul have been negative over part of
this period. However, as Paynter (2007) repoststey sanctuaries that were free of
harvests have shown sustained populations over pén®ds, indicating that some older
oysters can survive in some places in normal rhiyéars. Certainly, at some point the
increased number of older oysters would generateased old-age mortality. But,

given that net recruitment in Table 3 is basedwumnent age distributions that are biased
toward younger, less fecund individud)ghis increased mortality might be compensated
by the greater spawning potential of older oysters.

Table 3 is based on the idea that if harvests batlappened, market sized oyster stocks
would have changed at the same rate that they eldaingt of harvests) from one year to
the next in Maryland’s portion of the Chesapeakg. Bane cannot know with certainty
whether there would have been enough habitat éomttrease implied by putting
harvested oysters back into stocks, or whetheeasad numbers of older oysters would
change annual net recruitment rates. Howevemrxperiment undertaken by managers
over the past 14 years has tested the contentdrcdmtinued harvests would not affect
stocks available for future harvests and this lentshown to not be the case.

18 See Klinck and others (2001).
¥ Volstad and others (2007).
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Given the prospect that the absence of harvesalitgnnight permit stock growth, it is
reasonable to test the economics of limits on lmmrtality. In the following section,
we develop a model to test the effect on the oyst®wurce’s net present value of a range
of harvest moratoria based on the underlying graoaté net of harvest mortality that is
developed in Table 3. For any given length of katynoratorium, the model seeks an
optimal harvest rate with respect to the maximutpnesent value of the resource.

3. Modeling the Economics of Stock Change

3.1 The Model

Using the estimates from Table 3, we calculateddltes of growth of the stock in the
absence of harvests. There were two negativeite@ant years (2002 and 2007) in our
sample. We take the average of the positive metitenent ratios (growth rates) as our
estimate for the intrinsic growth rate of the Marydl market sized oyster population=(
.2744). Negative recruitment events are includeithé model as described below. We
model the population dynamics of the market sizgster population as partially
following a Ricker (logistic) growth function of éhpopulation of market sized oysters in
the previous period. This model is similar to doréind Coakley (2004) and we also use
their estimate of the carrying capacity of markeéd oysters in Marylank &
5,089,200,003§. Using this growth model, we run 1000 simulatiohthe growth of the
stock over a period of one hundred years to detextie harvest rate that maximizes the
net present value of the oyster fishery.

These growth parameters remain constant throughewgimulations. However we
introduce random population events through thecetdir function (r,k,q,x(t)a (t)g ).
This function determines if there is a high motyadivent as a function of the parameters
a(t)andg. We assume that(t) is a random number uniformly distributed between

zero and one. A new(t) is generated for each year of the model, s also varies
between simulations. H(t) is greater than our critical valgethe stock grows

according to its Ricker (logistic) growth functienth r = .2744 and = 5,089 million
market sized oysters. Howeveraift)<g, this implies that we have a high mortality
event, and the stock falls t% (where 0€<1) of last year’s stock, minus fishing
mortality during that season. We teéqual one minus the average of the two high
mortality years in our data (2002 and 2007) whrablies thatd=.68. Thus when we
experience a high mortality event, the oyster aband falls to 68% of the previous
year’s stock minus any oysters that were harvebtgdseason. As Maryland’s portion of
Chesapeake Bay oyster stocks are shown (TableHzvi® experienced 2 years over the
past 14 in which natural mortality exceeded reameitt, we sej =1/7.

% The estimate by Jordan and Coakley 2004 of thalsiei habitat area comes from the MBBS, which
indicated that only 10% of nominal oyster habitztually supported oyster populations (Smith et. al.
2001). For their carrying capacity estimate, taegumed that 10% of cultch areas supported 10 marke
sized oysters perfnand 10% of sand and cultch and mud and cultcisasepported 3 market sized
oysters per M

14



We assume that in normal mortality years the Maxylanarket sized oysters grow
according to a Ricker escapement growth model. Ribker model is a simple
generalization of the logistic growth curve but Bame desirable stability properties.

We chose to focus the model on escapement for d@uai reasons. Firstly, stock
estimatesx) come from DNR’s fall survey and harvedt$ ¢ccur during the winter

months when the stock is assumed to grow verg litHowever, once the season ends,
the remaining oysters are left to grow until thetreeason when they will again be
surveyed in the fall. Those oysters which areadpcing between seasons are only those
who have escaped harvest in the past year, anagthescapement model seems to
approximate reality.

Mathematically, thg (r,k,h(t),x(t)a (t)g ) function can be described as:
;1 X(O-h(D)
j (r,k,h(t),x(t)a (tg F x(& 1F (x(t)-h(t)) e : ifa (tFg
j (r,k,h(t),x(t)a (tg F x(# IF dx(ty h(P) it (kg " 1,...,T 1
wherea (t)~ U[0,1]

Using this growth equation for Maryland market gizgsters, the problem that we
analyze is the maximization of profits from the Mand oyster fishery over a period of
one hundred years. We chose one hundred yearsaaithjtbut because our non-
stochastic model converged to a steady state @dfmoximately fifty years, the
additional years are included to allow for multipigh mortality events. Letting
R(p(t),h(t)) be the revenue from harvest aoh(t),x(t)) represent the cost of harvesting,
the problem of maximizing the discounted profitnfrthis fishery over the one hundred
year time frame subject to the growth of the oyptgyulation can be written as :

T-1 t

Max  (R(p(), h(9)- C(H(D, X})) 1T1d st.x(t IFj (r.kh(D), X8, (9,

h(t) t=0

After the end of the modeT€100) we assume that there is a salvage vdl@E)() to the
oyster stock equal to the steady state harvestgponding with the ending stock size in

(R(p(T), KT)- 67, «H) 1 '
d 1+d

suchthak T+ 1F x T . This implies there is an incentive to keep ttoels at a high

level at the end of the model so that steady $iateests in the future will be larger. This
effect will be countervailed by the fact that theseady state harvests occur after one
hundred years and discounting will cause thesedstg\to be worth less in net present
value terms than earlier harvests so there mapioe sncentive to harvest earlier and not
allow the stocks to become too large.

perpetuity. Letl (TF

Suppose that the harvest in any season is eqtia jpercentage of the stock that is taken
(q) times the stock available at the beginning ofdbasonx) such thath(t) = q X1).

We assume that the proportion of the market sizstkeo population that is harvested is
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the same during all periods. It is this fixed lemtvpercentage that we solve for in the
optimization model. The price of oysters each yearnormally distributed random
number around the average real price per bushwjsiérs over the period 1994-2007
which is $25.72 in 2007 dollars. As prices akelly decline as the supply of oysters
increase from Maryland, we truncate the distributio be no greater than the current real
price of $30 per bushel. This allows prices toywsar to year randomly, and also not
increase above the current real price with incre@ssupply’. The revenue from

harvest is equal to the price times harvest, whahbe expressed as:

R(p(), X9, 9= () HI= @) qkX.

To determine the costs of harvest, we start bynediing the number of active boats in the
fishery, given harvest levels. We determine theaber of boats active in the fishery
each season as equal to the total harvest in lsudhvédled by each boat’s expected
seasonal catch. The expected seasonal catchaktedgheir expected daily harvest times
the season length. We assume that boats use teefficient method of harvest
(dredge), and that operators expect to harvestShdis per d&y over a season of 100
days.B(t) is a measure of the total direct costs of hamgstB(t) is equal to the number

of boats active in the fishery times the seasogtlertimes the boat’s daily costs of
operation. We assume the daily boat and labosamish dredge gear to be $375/day of a
100 day season, which is Wieland 2006’s high-emtidhese for dredges. Using these
parametersB(t) = 25,000 ¢ )whereh(t) is measured in millions of oysters.

In addition to the direct costs of harvestiigt)), we assume the cost of harvest is
decreasing in the stock of market sized oysters,rereasing in the total annual harvest.
These assumptions are valid in the case of the Itaayoyster fishery. The larger the
number of oysters available for harvest, the Ié&stat will take to achieve any level of
harvest. Similarly, to harvest more oysters, ntone out on the water has to be
expended to catch them. We specify a cost funatiich is equal to the direct
harvesting costs plus an adjustment for the haingesbsts which decreases as the stock
approaches the carrying capacity.

k- x k- X
. AN

Let C(h(t), x(t)= B(Y) 1+ = 25,0000 ¢) ¥

2L Given the small increases in production that oadeh predicts, we are confident in assuming that th
increased production will not have a significanpaut on the price of oysters. In 2003, U.S. prtidacof
oysters was 2,800 million bushels (Lipton, Kirkleyd Murray, 2006). In the no moratorium scenario
(figure 2), oyster harvests in 70 years are preditd be 160 million oysters or .533 million bushet
oysters. The largest single year harvest predictéoe optimization model is only 1.333 milliondhels
occurs in 5057, the first year after a 50 year tooiam. Additionally, regional MD and VA processed
oyster production comes from oysters harvestedharcstates, with the majority coming from the Gafif
Mexico (Murray, 2002; Lipton, 2008). Given thaethubstantial production of oysters from the Gatfas
a near perfect substitute for oysters from the @heake, it seems reasonable to ignore price efiects
the model’s predicted increase in production redato total U.S. production of oysters.

2 We implicitly assume in this estimate that managerd harvesters would prefer a more rational lef/el
capacity in the fishery and that the number of eaiuld be reduced to meet such an allocation of
available catch. The current average catch pepotlaingle dredges operating in New Jersey’s Detawa
Bay oyster fishery is 53 (US) bushels. (Jason Hearndated)
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Therefore, substituting in fdR(h(t),x(t)), C(h(t),x(t)), h(t) andj (r,k,q,x(t)a (t)g ), we
can write the problem of maximizing the discounpedfits from the Maryland oyster

fishery as follow$™
t

Max  p)axy- 25,000gx¢) X L 41 )
a9 0 X 1+d
- )-ax)
stx @+ 1=(x¢)ax(t) e “ ifa (t)3g
X(t+1) =d x(t)- gX 9 ifa()<g "t 1..,F 1

This problem was solved using numerical optimizaged Monte Carlo simulations
using Excel and built in numerical optimization imed Solver. For each simulation, a
new random draw o&(t),....a (T)parameters was generated, and Solver determined the

optimal harvesting percentag® (vhich maximizes the net present value of theayst
fishery?*,

3.2 Model Results

We ran 1,000 simulations of this model to deternireeoptimal harvest percentage over
the period, and the net present value of the ofisteery. The mean values are presented
in the first column offable 4. The optimal harvest percentage for this fisheugrages
about 7.29% of the market sized oysters. Thisiesghat the optimal harvest percentage
would actually correspond to a much lower percemtagotal oyster abundance. This
7.29% harvest rate corresponds to an average estmirvalue from the fishery of over
$110 million dollars. Harvesting at such a loweratlows the stock to reestablish itself

in the early years, generating an average stotfteag¢nd of one hundred years (2107) of
2,438 million market sized oysters, up from a stgrpopulation of 81 million market
sized oysters. We denote this model as the Omiinoiz model from this point onward.

Table 4: Net Present Value Under Different Managemnt Regimes
Average from all simulations| Optimization Model @t Policy

Net Present Valt $110,169,242 $2,761,237
Harvest % 7.29 28.4
Ending Stock (millions of oysters) 2,438.22 0.0000376

We then compare these numbers to running the nvatieh fixed harvest rate of 28.4%,
which is equal to the average harvest rate ovepéned 1994-2007. We denote this
model as the Current Policy model as it represamisntinuation of our current policy in
the Maryland portion of the bay. The results & #9000 simulations using the same

% The discount rate utilized in the base case iswBich is representative of a social rate of disttou

%4 This analysis was enabled through the use of @elE&dd-in called MCSimSolver which was developed
by Economics Professors at Wabash College HumiBenteeto and Frank Howland to go along with their
text “Introductory Econometrics: Using Monte Ca8lomulation with Microsoft Excel.”

17



growth parameters as before with a fixed 28.4% dwtriate are summarized in column 2
of Table 4. As the average harvest rate over the periodeiatgr than the intrinsic

growth rate of the market sized oyster populatiba,population of market sized oysters
quickly declines toward zero.

As the stock continually declines toward zero,ribepresent value of harvests from the
continuation of current policy is only around $2m8lion. Also, as the ending stock is
near zero, there is no salvage value for the dbeclkuse there are no oysters to harvest.
These effects are reflected in Figures 1 and 2¢chvbompare the population of oysters
and annual harvests under the two policies.

Figure 1
Population of Market Sized Oysters
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Thus a decrease in the harvest rate from 28.4%2&94 would increase the net present
value of the oyster fishery in the Maryland sectidnthe bay by over 108 million dollars.
It seems clear from the comparison of these mddtalsthe current oyster population in
Maryland can have a significant value, but a changmlicy is required to achieve this
result. The high net present value of the oyssérery with such a low harvest rate
implies that short term losses are made up for niamgs over if we allow the stock to
recover to reasonable levels. It is on this bldssdy that delaying any harvest until some
future period will increase the net present valtithe oyster fishery. We now use our
model to determine the optimal length of delayiagvests whose aim is to maximize the
net present value of the fishery.

3.3 Optimal Harvest Delay

The above analysis shows that the harvest ratehwhaximizes the net present value of
the oyster fishery is much lower than the curreqpi@tation rate. We now turn our
attention to the question of the optimal lengtla@horatorium on harvest with the goal of
maximizing the value of the fishery. Given low @nt stock levels, it may make
economic sense to delay harvesting for a numbpenbds to allow the population to
recover, if this makes it possible to later hangekirge enough number of oysters to
generate sufficiently higher profits from the fishe

Using the same 100-year timeframe and salvage yahation, we forced harvests to
start in later periods, and allowed our model teedwine the optimal harvest rate to
maximize net present value of the fishery. Fahegear that harvest is delayed, there is
one less year to make up for lost harvests. Thereive would expect that the optimal
harvest rate will increase with the length of tieéagf in harvest. Starting with the no
delay scenario (same as the above model), andasiagethe delay in harvest from one
year to fifty years, our model determined the opfitmarvest and net present value of the
fishery in each scenario. Figure 3 presents tleeaae net present value of delaying
harvest through the year on the x axis under thienap harvesting model and under the
current policy of harvesting 28.4% of the oystaasteperiod after the moratorium.

Figure 3 shows that to maximize the net presentevaf the oyster fishery, it is best to
wait to harvest until after the 2024 season (bégivest in the 2025 season) through
2107 at a rate of 9.57% which will provide a netgmnt value of $145 million. Under
this scenario, the net present value is over 2gigreater than the current policy with
moratorium, and over 50 times greater than thesotipolicy with no moratorium. The
optimal harvest percentage for each length of tsirdelay is presented in Figure 4.

As expected, as the length of moratorium increabespptimal harvest percentage
increases up to a point and then marginally deslinehe concave nature of the optimal
harvest rate is likely due to the perpetuity ofests after the 100 year time frame.
Initially, the early harvests are very valuable dese they are not heavily discounted.
However, after some point, the marginal increagerdfit from units of harvest during
the model are worth less than increasing the stac# therefore harvest) during the
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steady state. The optimal harvest rates arensdlllbelow the current harvest rate.
However, by its very nature, the optimal harvestestage will always lead to a weakly
higher net present value than the current policy.

Figure 3

Net Present Value of Moratoriums of Different Lengt  hs
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Another interesting prediction of the model is ttieg net present value of the fishery can
be substantially increased through no changeseiptbperty rights structure of the
fishery, so long as the harvest is sufficientlyageld. We can achieve a net present value
of the fishery almost $70 million harvesting theremt 28.4% of the market population

as long as we delay harvest until after 2034. Hawrdimiting effort in the fishery to
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achieve the optimal harvesting rate will lead tugher net present value regardless of
the length of delay.

3.4 Model Caveats

We have excluded the value of ecological serviecesiged by the oyster population
which could be significant. The model can easéyertended to include the value of
ecological services from the population of marke¢a oysters which would likely lead
to increases in the optimal population size ancelotiie optimal harvest rate. However,
for the initial analysis we wanted to focus moreroaly on the commercial benefits of
oyster harvests, which generally accrue to the mvega. This model suggests that
focusing solely on the rents earned in the fishematermen’s income could greatly be
increased if they delay harvesting for a numbeyeafrs. We believe that the model’s
conclusions reflect the reality of the current aitan in the Maryland oyster fishery; that,
up to a point, a longer moratorium on the harvéstysters will result in higher profits
from the fishery and a larger population of oysters

3.5 Ecological Value of Oyster Stocks

Oysters in the Chesapeake Bay are not only a sefireenue for watermen and food
for consumers; they also provide important ecolalgservices to the system of which
they are a part. Oyster bars create valuable hdbitather fish species which in turn
provides value to recreational fishermen (Hicksablaand Lipton 2006). Oysters play
an important water quality role, filtering out paklts that block the movement of sunlight
through the water column thus increasing the amotihght that reaches submerged
aguatic vegetation and, consequently, improvingtierabitat for species that need
places to hide. The habitat created by the supedeaquatic vegetation is thought to
create a very large value through its role in ratomal fisheries (Kahn and Kemp 1985).
In their filtering, oysters also concentrate nuttgein pseudo-feces, which, with help
from other benthic organisms are either buriecemfirment or denitrified out of the water
column (Newell et al. 2005).

Concerns about eutrophication of the ChesapeakenBag led to efforts to reduce the
amount of nitrogen and phosphorus flowing intoani water treatment facilities and
agricultural lands in the watershed. Estimatethefcost of reducing a kilogram of
nitrogen delivered to the Bay range from $4.6 filangng cover crops to $1,125 for
erosion and sediment control measubes has been estimated to average $23.8 per
kilogram of nitrogen removed (Newell et al. 200%).their research, Newell and others
estimate that a million oysters can, through trophieractions with other benthic
organisms, reduce on average approximately 753 k@grogen from the water column
per year. Using the average value of nitrogen rahohis implies a value of $17,932.26
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per million oyster® per year. We use this as a low estimate of thentiecological
value of oysters in the Chesapeake Bay, sincadrgs the value of oysters’ benefits to
recreational fisheries (Hicks and others, 2004 )p=grothers.

However, oysters’ filtering capacity increases deareasing rate, so that each additional
oyster will contribute slightly less to denitrifitan (Cerco and Noel 2007). In addition

to the declining effectiveness of oysters filtercapacity, the value of nitrogen removals
is likely decreasing with improvements in nitroggmcentrations in the bay. This is
because as the bay becomes clearer, the majotitye afalue to improvements in
recreational fishing and boating will already héeen experienced and additional clarity
is less valuable. Both of these factors imply thatecological value of oysters is also
decreasing in the cumulative amount of oysterbéniday. We therefore estimate that the
ecological valueEV(x(t)) of the standing oyster stock to be equal to

EV(X(1)=17,932.26*x ) 1“ - 1.
1- x(t)/ X(t)

The total value from this fishery can now be expeglsas the profit from fishing
activities (including the salvage of the stock)spthe value of the in situ stock of oysters.

Similar to the salvage value of the harvestableayystock, the tern (EV ( x('D))

describes how the oyster stock continues to proeatdogical benefits in the steady
state. Amending the model to include ecologicalises from the oyster population, the
same problem of maximizing the net present valub®byster fishery can be expressed
mathematically as:
£=100 K- X 1 t
Max pax()- 25,0000x(t) * —- + EV x(t) —— +I (W ( EY X 7))
TN X 1+d
;1 X(-ax()

stxt+ D=(x)ax(t) e : ifa (t)3g
x(t+D)=d x(t)- gx D ifa()<g "t 1..,F 1

We denote the above ecological value functock 1to contrast it with a different
ecological valuation function below, which we dem8tock 2 The second ecological
valuation function holds the ecological value ost@ys at a constant value per million
oysters. The rationale for this is twofold. Fifstr the ecological value to be decreasing
in the cumulative stock of oysters, the populatboysters needs to be large enough to
not only reduce the additional nitrogen being idtroed into the bay each year, but also
decrease the concentration of nitrogen in the B2gcondly, the ecological value of
oysters in the Chesapeake Bay results from thiddggianal to removing nitrogen from
the water. Therefore, the value of nitrogen reidunst from the bay could be conceived
as a lower bound estimate for the value of theaggohl services provided by the oysters.

% This ecological value corresponds to $5.38 pehélusf oysters which is 20% of the average valua of
bushel of harvested oysters ($25.72) over the geir8®4-2007.
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While it is likely that the value of nitrogen redions will decrease with cumulative
oyster stocks, it is possible that the benefitetweational fishing, boating, and
swimming may increase over time. Therefore, wareded the stock 2 model with
ecological values where the ecological value ofstoek was constant at $17,932.26 per

million oysters. Expressed mathematicalBN, ( X(1))=17,932.26*x (t).

Similar to the above analysis, we use these madelsalyze the net present value of the
oyster fishery under harvest moratoriums of diffédengths. When we account for the
ecological value of the oyster stock, the optineMest rate is lower, and the optimal
moratorium is longer. This is not surprising asewlhve place a value on the resource in
situ, it makes sense that we would want a largpufadion of oysters and for harvests to
start at a later date.

Figure 5
Optimal Harvest Rates with and without Ecological V' alues
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Figure 5 shows that the optimal harvest rate adwogiecological value is below the
previous optimization model harvest rate for allratorium lengths. Figure 5 implies
that the harvest rate which maximizes the fishgtgmns to the oyster fishery (which is
very low relative to today’s harvest rates) wouddhigher than the harvest rate which
maximizes the total return to the oyster fisherg &s environs. Using these parameters,
the maximum net present value of the oyster fisirluding its ecological value is $194
million which occurs after a moratorium through 203This implies waiting an

additional six years before harvesting comparetthieécoptimization model without
ecological values.

Using the constant ecological value for the oysteck results in a much lower optimal
harvest rate. With such a large value for ecolalggervices relative to the profits from
harvesting, it now does not make economic senbedm harvesting at all until after
2016. However, the optimal harvest rate nevereases beyond 4%, which means that
the majority of the value of the oyster fishery sle®t come from the fishery itself, but
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rather from the ecological role that oysters playhie Chesapeake Bay on other valuable
resources.

The results of the models which include ecologsealices values consistently show that
the optimal harvest rates are lower and the optmaatorium is longer than models
which ignore these values. As we know oystersrdoige some ecological services
value, relatively less intense harvest and a long@atorium period will likely lead to
increases in the net present value of the oysthefiy and its environs.

3.6 Sensitivity to the Intrinsic Growth Rate (r)

Given the current state of the oyster populatiothenChesapeake Bay and the increasing
prevalence of parasitic diseases, it is possildettie current oyster population cannot
grow as fast as it has in the past. It is als®ibtes that we have underestimated the
oyster’s growth potential in our calculation of t@wth rate. As a sensitivity analysis,
we estimate our model using an intrinsic growtle tagt is one half of the previous

model (i.e.r =.137), a low growth estimate using the averagavth of all years

(including the high mortality years) between 19882 from Table 3r(=.184), and a

high estimate of 1.5 times the growth rate (i.e..412).

As in the model described above, we continue ttudecrandom high mortality events
with these varied growth rates. This has the efi€ceducing the expected value of the
intrinsic growth rate for all scenarios, which desmexpressed as:
E(r|d,g)=@1-g)*(r)+gl-d). Therefore, in the original optimization where.2744,
the expected value of the growth rate conditiomaih@ high mortality negative
recruitment factord) and probability of a high mortality eve(g) is: E(r |d ,g) =0.1¢€.
The expected value of the other intrinsic growtiesaare 0.072, 0.113, and 0.308 for the
half growth ¢ =.137), low growthi(=.184), and the high growth £ .412) rate scenarios
respectively.

Under the half scenario, with an intrinsic growth rate of onl371 and high mortality
events, the oyster population does not grow neelfast as in the original € .2744)
model. Correspondingly, the optimal harvest rareson average over three times lower
than with the original growth rate. The low growétte scenarior (= .184) results in
harvest rates that are slightly above half of thevést rates from original growth rate
scenario. Not surprisingly, the optimal harvesésan the high growth rate scenanio=(
412) are about 1.5 times the harvest rates afidneal ¢ = .2744) growth rate model.
The optimal harvest rates for the models are shaviAigure 6. Similar to the high
intrinsic growth optimization model, the optimalrhest rates are increasing with longer
moratoriums.

Figure 6
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Optimal Harvest Rates under Different Growth Scenar  ios
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The net present value estimates for the optimiranodel, the current policy model, and
the optimization model with a lower intrinsic grdwtates are presented in Figure 7.
The lower growth rate causes both the harvest tatbs lower, which causes the net
present value of the fishery to be lower for twasens. The first is that lower harvests
mean lower profits. The second, and more sub#lea®, is that a lower intrinsic growth
rate lowers the steady state growth of the oysipulation and therefore lowers the
steady state harvest as well. The opposite isdftige high growth rate model.

Figure 7

Net Present Value of Moratoriums of Different Lengt  hs
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All three growth rate scenarios, halfr=.137), lowr (r=.184), and the 1.6(r=.412)
scenarios result in net present value estimateshatave an inverted U shape with
regards to increasing moratorium length. With aataium through 2042, a harvest rate
of 3.20% maximizes the net present value of the(hal .137) growth rate oyster fishery
with a net present value of $21 million. The law.(84) growth rate scenario has an
optimal moratorium through 2033, with a net presettie of $52 million and optimal
harvest rate of 5.60%. The highH.412) growth rate oyster fishery’s net preseitig

is maximized at a rate of 15% starting in the y&&8 with a net present value of $336
million. Put in the context of the current poligfthe oysters only grow at half the rate
we estimate in the original model, a 35 year manato and a 3.20% harvest rate will

produce 10

3.7

times the benefit of a continuatiorhefdurrent policy.

Sensitivity to the Carrying Capacity (k)

As a result of current and potential future haliagradation, it is possible that we have
overestimated the carrying capacity of market sixgsters in the northern Chesapeake.
To test the sensitivity of our results to this paeger, we reduce our estimate of the
carrying capacity by over 25%=3,678.9 million oysters) and rerun the model. sThi
estimate is the sum of the carrying capacity ofithg medium, and high salinity zones
in the Maryland portion of the Chesapeake Bay fdmmdan and Coakley (2004). This
estimate is lower than the total Maryland carrytagacity because they lacked salinity
data for all areas with oyster habitat.

Figure 8
Harvest Rates of Moratoriums with varying Carrying Capacities
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Despite the lower carrying capacity, the optimalkat rate with a lower carrying
capacity is nearly identical to the optimal harwasé under the original optimization
model for the moratorium lengths shown in FigureD&spite being slightly higher in the
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short moratorium years, the difference in harvatts is never greater than half of one
percentage point. This suggests that the carigapgcity estimate does not have a large
impact on the choice of optimal harvest rate inrticelel.

The lower carrying capacity estimate also doesmeterially change the predictions of
the optimization model in terms of which moratorileangth maximizes the net present
value of the oyster fishery. The optimal moratoridecreases from 2024 in the original
optimization modelK = 5,089.2) to 2023 in the model with a lower cargycapacity K

= 3,678.9). The net present value estimates asepted in Figure 9. The net present
value of the oyster fishery with the smaller camgycapacity is lower for all moratorium
lengths for two reasons. The first reason is tth@fpopulation can not grow as large, and
therefore leads to smaller harvests at the samestarate. Secondly, density
dependence in the stock begins with a lower stablich means that the net growth of
the stock, and therefore harvest, is lower. Theegfwhile the value of the resource
changes, changes in the carrying capacity estidwds not cause large changes in other
predictions of the model.

Figure 9

Net Present Value of Moratoriums with varying Carry  ing Capacities
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3.8 Sensitivity to the discount rate ( )

Due to the long time frame of this study, the distaate () plays an important role in
determining the optimal harvest rates in the futurethe initial analysis, we chose a

relatively modest discount rate of .04. We chose two additional discount rateteso
the sensitivity of our model results to the disdoate; a low discount rate scenario

.02), and a high discount rate scenarie (07).
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The optimal harvest rates are somewhat sensiticadages in the discount rate, but the
general concavity of the optimal harvest rates avierent moratorium lengths remains
the same. The optimal harvest rates for each didaate are presented in Figure 10, and
do not vary by more than three percentage poimtarig moratorium length. The high
discount rate scenario begins below the originalehand ends above it. This may seem
counterintuitive as one would expect that the highgcount rate would force harvests to
be higher earlier. However, with the high discotaté, harvests far out in the future are
worth very little, so we prefer harvests earliéghe best way to increase harvests in the
middle early years is to let the stock grow and/asira smaller portion of stocks each
year. At some length of moratorium, the stock &dlasady increased in size so that a
larger percentage harvest is now optimal becawseare more valuable in the near term.
The opposite argument holds for the case withdlediscount rate.

Figure 10
Harvest Rates of Moratoriums with varying Discount Rates
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The net present value estimates are shown in FigureNot surprisingly, the discount
rate has a dramatic effect on the net present \esdtimates for each scenario. However,
each scenario still shows an inverted U shape aatoraum length increases, which
suggests that for any reasonable discount rataghpresent value of this oyster
resource could be improved by a moratorium. Therggd moratorium changes from
year 2024 in the normal model to 2022 in the higlcaunt rate scenario and to 2027 in
the low discount rate scenario. This suggestswhde the net present value estimates
are quite different, the optimal moratorium lengthy not vary substantially.
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Figure 11

Net Present Value of Moratoriums with varying Disco unt Rates
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3.9 Pessimistic Scenario

Recently, it has been suggested that the Eaststaragan no longer grow sufficiently
well in the Chesapeake Bay to support a thrivingt@yindustry as a result of
degradation in water quality, reduction in avaiéabhbitat and increased disease
mortality as well as many other potential reasofsis is evidenced by the proposal to
introduce a non-native oyster. The last sensytivgst of our model uses the low growth
rate ¢ = .184), the low carrying capacity estimaite=(3678.9), the high discount rate (
=.07), and no ecological services value in whatwkecall the pessimistic scenario.

This scenario is included to test two questiondnder these pessimistic circumstances,
can it be optimal to harvest the Eastern oystectmomic extinction as the current
policy would suggest?” and “What are the optimalkats if the oysters cannot grow
sufficiently well in the Chesapeake Bay?” The foskstion asks whether our parameters
were misspecified and the current policy reallgnsoptimal economic outcome, or if the
optimization model can do better under these passintircumstances. The second
guestion relates to an alternative to the intradaodf a non-native oyster into the
Chesapeake Bay. If the Eastern oyster can no tagev sufficiently well to support an
oyster industry as large as it has in the pastdlwhppears to be the goal of
management), what are the optimal harvest ratektfamnefore industry size) under this
scenario?

The optimal harvest rates under the pessimisticaste are shown in Figure 12. Not
surprisingly, they are lower than the original mioaied higher than the optimization
model with only a low growth rate. With shorter ramriums, the optimal harvest rates
are close to those of the low growth rate scenaribas the length of moratorium
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increases, the high discount rate leads to higaerst rates to make up for the
additional harvests occurring later in time. Howewe all scenarios, the harvest rates are
still substantially below the current policy of@lNing watermen to harvest on average
28% of the population of market sized oysters atipua

Figure 12
Harvest Rate of Moratoriums with varying Carrying C apacities
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Figure 13
Net Present Value of Moratoriums
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Not surprisingly, the net present value estimabesHe pessimistic scenario, which are
presented in Figure 13, are much lower than arg@previous models. Combining all
of the negative influences of a low growth ratey lcarrying capacity, and a high
discount rate on the net present value of the fistesults in a fishery which is valued at
10% of the original optimization model.

However, the net present value of the optimizatmmdel and the current policy model
with the pessimistic scenario is presented in g and suggests that even this
scenario results in an inverted U shaped net ptesdume curve. The optimal harvest
moratorium for the pessimistic scenario is throtlghyear 2023, which is just one year
before the original optimization model’s optimahhest moratorium. While the
moratorium does not appear to increase the valtieeodyster fishery by as much as the
optimization model, the additional two million dais in net present value terms for
waiting until after 2023 to begin harvesting resulft a 20% increase in the value of the
fishery. The current policy model also resulteuminverted U shaped net present value
curve, but result in a lower value for the fisharyall moratorium lengths.

Figure 14
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Figure 14 shows that, for some lengths, a moratoan increase the net present value
of the oyster fishery at harvest rates that areetavan the original optimization model.
These lower harvest rates never lead to the deplefithe Eastern oyster population in
the Maryland portion of the Chesapeake Bay in drthi@ 1000 simulations for each
potential moratorium year. In contrast, the curpilicy model leads to depletion of the
oyster population in nearly all of the simulatidos each potential moratorium year.
Therefore, under these pessimistic circumstanbesnbdel suggests that the current
policy is not optimal, and also suggests that weukhbe harvesting at a lower harvest
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rate, not a higher one. Even with these pessitrigitumstances, the Eastern oyster in
the Chesapeake Bay can have substantial value gtttk is allowed to rebound and
then is harvested at a modest rate.

3.10 Model Conclusions

The results of the model suggest that the currelntypof harvesting 28% of the market
sized oysters is not sustainable, and leads toch ower net present value of the fishery
than the optimization model. The model also sutggiast a long moratorium from
harvesting could dramatically increase the netgresgalue of the fishery. Even the
current policy model of a 28% harvest rate leadsutastantial increases in the net present
value of the fishery with longer moratoriums. Loweowth rates tend to cause the
optimal harvest rate to be lower, and the optimatatorium length to be longer, while a
higher growth rate causes the optimal harvesttoalbe higher and the optimal

moratorium length to be shorter, but still positive

The net present value of the optimization modelthedcurrent policy model with the
normal ¢=.2744) and lowrE.184) growth rates are presented in Figure 1§urei 15
shows that the net present value of the oysteefisinder the optimization model is
always greater than a continuation of the curretitp regardless of the underlying
growth rate. This is true by the nature of tharojation model. The moratorium which
maximizes the net present value of the oyster fisfag the original optimization model
runs through 2024 (begin harvesting in the 2025@agat a value of over $110 million.

Figure 15
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The y-axis in Figure 15 is especially interestifithis suggests that with no moratorium,
but by limiting the harvest, the net present valtithe oyster resource can increase from
less then $3 million to over $110 million, an inese of almost 40 times. The vertical
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distance between the optimization model net pressoe (dark blue) line and the
current policy model (pink) line is the wasted [iréfom a continuation of the current
policy rather than a policy which maximizes the pitsent value of the oyster fishery by
limiting harvest. It bears stressing that thispretsent value represents profits to the
fishery over and above providing the watermen timgiome (at a market rate of return on
their capital and effort).

The harvest rates which maximize the net presdoewat the oyster fishery under the
different optimization scenarios are much lowemntttze current policy of harvesting

28% of the market sized oysters. Figure 16 presetoptimal harvest rates for all of
the different management scenarios and sensitestys. The optimal harvest rates are all
concave with respect to the length of moratoriunththe exception of the stock 2
scenario), and they all remain lower than 13%, whihexception of the 1.5 times the
growth rate (=.412). Reducing the carrying capacity estimateuwsr 25% does not
greatly change the optimal harvest rates. Chaimgdx® discount rate result in changes in
the optimal harvest rates, but do not lead to lemge changes in the optimal moratorium
length. The optimal harvest rate for the modehvialf the intrinsic growth rate is on
average over three times lower than the optimipati@del which suggests that the
optimal harvest rate are sensitive to changesdargtbwth rate. Therefore, in the face of
significant uncertainty about the intrinsic growéte of the oyster population, it may
make economic sense to set the harvest rates tbeseithe optimization model would
suggest.

Figure 16
Optimal Harvest Rates under Different Growth Scenar  i0s
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The ecological services provided by oysters inGhesapeake Bay have substantial value
through providing habitat for other species, impngwvater clarity, and removing excess
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nutrients. When a proxy for these values is inetuch the model, the optimal harvest
rates are lower, and the optimal moratorium lemg/ibnger.

Various scenarios were run as sensitivity testhemriginal optimization model. While
Figure 16 shows that optimal harvest rates vamgy tienerally suggest reducing harvest
rates to a level below 8% for moratoriums whichstrert or non-existent. These
scenarios also result in different net presentesaktimates, but the general conclusions
of the original optimization model are confirmeAdll sensitivity tests consistently
predict that a moratorium is required to allow &®oto rebound so that harvesting can
resume with the goal of maximizing the net presahie of the oyster fishery.

The model arrives at two general policy recommendat The first is that the current
open access policy is unsustainable and a loweektrate will increase the net present
value of the fishery. Over the longer term, thi iwcrease the income of watermen
currently in the fishery and provide additional gdor watermen who have left the
fishery. The lower harvest rate will also allow fbe oyster stock to recover and provide
substantial ecological benefits. The second recendation is that shutting down the
fishery for a number of years to allow the stockeicover can significantly increase the
value of the fishery both to the watermen and otisers of the Chesapeake Bay at any
harvest rate.

4. Practical Issues for Pursuing Greater Value for  the
Oyster Resource.

The discussion thus far has considered the pusshigher net present value for the
oyster fishery and changes in the harvest ratedarabstract; as if these were possible.
Since a capacity for limiting harvest effort beldve open-access equilibrigfrhas not
been revealed over the past 100 years of oysteageament in Maryland’s portion of the
Chesapeake Bay’s public oyster fishery, it is reabte to question whether or not
restricting harvest effort at a level which stitbgides resource rents is possible.

Feasibility for a value-maximizing policy can bedaglssed at several different levels. Is
there any practical means for restricting oystevésts? Could binding and enforceable
regulations be instituted? Could a mandate faalaeszmaximizing policy be brought
forward through the legislative process? Whattlaeeequity considerations? Before
addressing these feasibility questions, it is ugefueview what is implied by the value
maximization model for the oyster resource.

Our model tests the effect of several differeniqies$ that are predicted to allow stocks
and, thereby, resource value to grow. These gslientail a reduction in harvest effort.
Under the existing open-access policy and conségartrdiminishing harvest effort,

% While gear restrictions do provide some brake anvést effort, resulting in larger equilibrium stoc
sizes than expected for the disallowed technoltgy still leave harvesters at the open-accesditeduim
— just one for a less efficient harvest technology.
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stocks are falling and the resource appears tehddd toward economic extinction. |If
so, then there will be an effective moratorium amests when stocks fall so low there is
no profit in their harvest. Under the open act¢essest regime, that condition, once
attained, is assumed to obtain in perpetuity.

With respect to what harvesters are able to taka the fishery, a natural moratorium is
the same as one that is established by legislatiegency order. However, in terms of
public perceptions and attitudes in the harvestsiny, a moratorium established by
legislative or agency order would be very differom one resulting from the combined
effects of disease and harvests. This public/imguwsew may be based in the
uncertainty of future events and the purposefuljyroistic viewpoint of fishermen.
Because the uncertainty inherent in measuring ogsteks and stock change has not
been mitigated with improved population monitorprgctices and demographic
research, these perceptions are widespread.

A publicly-decided moratorium on oyster harvestalso limited with respect to
ownership of the oyster resource. Although oysaeesgenerally perceived to have value
in their natural habitat, the oyster resource @nttbttom is not owned by anyofieln
Maryland’s portion of the Chesapeake Bay, DNR &rghd with managing and
regulating the taking of oysters. And in variotlsesy mandates it is charged with
restoring the oyster resource. But in none deifgslative mandates is it claimed that the
State explicitly owns the oyster resource. Whilke 8tate and Counties assert legal
ownership of various parts of the Bay’'s bottom{imei claims to own the oysters that sit
on that bottom. This clearly begs the questiom vglhseeking to maximize the net
present value of the resource, if no one owns it.

One condition that may surmount these barriergloping a more economically rational
policy toward the oyster resource is the fact thatdecline in the resource has already
happened. While the difference in future oysteclss under open harvest versus limited
harvest scenarios has been somewhat predictalelasatsince Jordan and Coakley
(2004), the continuing decline in both harvests fsiteries independent monitoring of
abundance now provides even more compelling evalémat the current trajectory is not
what we desire. As the “natural moratorium” outeobecomes more apparent, the
objective used in our model (maximizing net presatie) may take on greater
relevance in the policy debate.

4.1 Policies for Limiting Harvest Effort

There are fisheries that have formerly operateabasn-access resources but, due to
declines in abundance, are now managed with méigéeett, catch-limiting policie¥.
Therefore, in the general case, there are polmyeshich it is possible to limit harvest
effort in fisheries. With specific regard to oystemore efficient management of the
resource has generally entailed assigning propigtys (or, more accurately, lease-

27 See Wieland (2007)
2 See ludecello and others (1999)
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rights) for either oysters or the bottom on whisayt grow (NRC 2004). However, these
private producers often rely on wild brood stoclptpulate their leased beds, and to
keep this source functioning at a productive leeglires some management.

A nearby example of a more considered approachattaging a public oyster resource
can be found in New Jersey’s management of itsMzska Bay oyster fishery. This
resource was so seriously impacted by Dermo disadbe late 1980s that the fishery

was closed from 1990 to 1994. The public oyssdrelry had formerly operated largely

as a source for seed stock, for planting on lebsed. However, because the leased beds
were principally in the lower bay, where saliniteesd disease virulence were higher, as
disease mortality increased this ceased to betaiddi.

After New Jersey’s Delaware Bay oyster fishery wveaspened, large oyster bars that had
formerly been used as seed beds — providing stobk grown out on down-bay leases —
were shifted to an alternative use. From 1996 odytaese bars have been opened for
direct harvest. Because the resource is smativelto the capacity of the harvest
industry and, because of the consequent dangereoffishing, harvests have been

limited to a level that does not reduce stock alaned over time (Klinck and others,
2001). This restricted harvest has been impleeaeby distributing a total harvest
allotment among the boats in the fishery and iastig an allotment accounting system
that ensures that what gets harvested is reported.

A tri-partite system of governance has developedradt oyster harvest allocations. This
is composed of the New Jersey Department of Enmorial Protection (NJDEP) and,
especially, its Shellfish Division; Rutgers Univigys Haskin Shellfish Research
Laboratory; and the Delaware Bay section of thdl$tgheries Council. The last of
these three entities is a group established bglkgie statute and appointed by the
Governor, who promote the interests and voice timeerns of the harvest industry in
policy decision-making. While the New Jersey Dépant of Environmental Protection
holds ultimate authority in the management of th&ter resource, this system of
independent groups working cooperatively to debigierest policy appears to be
working so far.

In the fall of the year, monitoring surveys are eridken on New Jersey’s Delaware Bay
oyster bars and stock abundances are estimatezse Thonitoring data are evaluated by
NJDEP staff biologists and scientists at Haskinglléh Research laboratory and, in the
winter, a Stock Assessment Workshop is held whiétarae groups come together and
agree on an harvest allocation for the coming y&avitations are then sent to license
holders to participate in the coming year’s harvé¥hen it is determined how many
boats will work the fishery, per boat allocatiome decided. These per boat allocations
are then bought ($2.00/tag) as numbered tags dicatrepresent a bushel of oysters. The
harvester exchanges the tags with the buyer whesellgehis oysters.

Each of the 76 vessels that participated in the Z@@son was granted an initial quota of

1,040 bushels. Catch per boat day averaged 66eln) but the industry is made up of
double dredge and single dredge boats. The foanemaged 101 bushels per day and the
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latter, 53 bushels per ddy Fishery exploitation rates have been very lavesithe start
of this controlled harvest policy; less than 2 pataf abundance and around 4 percent
of total biomass (Kraeuter and others 2006).

While there are many other details helping to emsuiccess in New Jersey’s Delaware
Bay oyster management, the point being made irbtie$ description is simply that it is
feasible in some instances to control public oystewests for biological (and economic)
objectives. This cause was aided in New Jersdfidyact that there were relatively few
boats in the fishery by 1996 and that these baadsdrmerly taken seed oysters and not
market product from the bars in question. Theus tlvas no historical claim to open
access rates of harvest.

In both its market structure and its biophysicaregateristics, the Delaware Bay oyster
fishery is different from that of the northern Capsake Bay. To the extent that the
model reported in the previous section was basea supposition that positive growth
rates are feasible for Chesapeake Bay oyster seaeksin the presence of disease, this is
just as well, since New Jersey’s harvest managehsnhot generated stock increases
there. However, under new shell replenishmentgetsjmanagers hope to increase the
resource in coming years. And, clearly, their ngemaent efforts have led to more stable
stocks over time than those of the northern ChedagpBay.

4.2 Enabling a Value-Maximizing Objective

Kennedy and Breisch (1981) describe the histoth@fmanagement of the oyster
resource in Maryland’s portion of the Bay and @fiséative attempts to change that
management. In the years since Kennedy and Bisistitidy, management has changed
little, with the exception of some attempts tom®iductive oyster bottom aside as longer
term sanctuaries and the relaxation of gear réstn& on power dredging. The resource
is still managed largely as an open access fisfWrgland 2007).

It is widely maintainet that any important change in policy for oyster agement
requires acceptance by the harvest/processingtinekis Indeed, stakeholder interests
are an essential consideration in most of whaStage undertakes with respect to the
oyster fishery. This central role of the harvesi @arocessing industries is integral to
understanding why it proves so difficult to impleamhe@ change in oyster management.

The history of efforts to change the way the oystepurce is managed tracks closely
with the political economy expectations describthie Public Choice literatute The
interests of a small group (harvesters and procgsato derive benefits from a
particular policy (larger current harvests) areegirlevail over larger interests of the
wider public because their benefits are more camnatsd and they are more motivated to
protect them. The larger benefit of alternativéqgies (limited harvests and larger

29 Jason Hearon, undated.
30 Wolman (1990).
3L For an overview, see Buchanan and Tullock (1962).
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stocks) is not pursued as effectively by the broadélic because that benefit is more
widely dispersed.

The Public Choice literature posits models to expfeow these sub-optimal outcomes
can unfold in the legislative arena. But, if thaigy preferred by the interest group
results ultimately in a degraded resource, it é&somable to ask how can this be rationally
preferred? First, as noted above, uncertainty tfobure benefits would undermine
support for a value maximizing policy that entgitesent sacrifice for future benefit.
Clearly one is not likely to support what one doetsbelieve. Secondly, the harvest
industry and processors may just have a very higgodnt rate, so that whatever benefits
might accrue in the future are less valuable themebts that can be gained from harvests
in the current period. Either of these factorslddae reinforcing to the other.

If the difference in the perceived benefit of betigster stock management derives from
a lack of confidence in predictions about futurécomes, then an obvious approach to
gaining acceptance for policy change is to undertaid extend credible oyster
demographic research. Twenty years after thepsdl@f oyster stocks in Maryland’s
portion of the Chesapeake Bay, there is surprigitijle demographic research
addressing the stock effects of oyster harvedfsampresence of dermo and MSX. But,
the accumulating evidence of oscillations aroudhainishing mean stock abundance
now provides part of that demographic researchezuad.

If, on the other hand, the main factor distinguighapparent current harvester preference
from the value maximizing preference is a high dist rate, then gaining harvester
acceptance for management change would requiragpapime material compensation to
them. Specific ways to think of this compensatoa discussed in the following sub-
section. Here we will just assert that with soragmpent marginally greater than
harvesters’ expected benefit from current harveises; should be willing to accept
foregoing those harvests, allowing a populatioruilding policy to be put into effect.

If stakeholders accepted a policy targeting maxinm@tnpresent value in the fishery, it is
likely that such a policy would be legislated.

4.3 Equity Considerations in Moving from Current t o Value
Maximizing Policies

Under Maryland’s current oyster management poljdies value of the oyster resource is
trending toward zero. This ignores public investtsenade in restoring oyster stocks
which, if factored into the calculation, would vdikely push the value of the resource
negative. Under alternative policies that soughhaximize its value, the oyster
resource would gain value as long as the rateatlr of the stock’s value sufficiently
exceeded the time value of money (the interesj.rate

Whether or not the value of oyster stocks in Marglla portion of the Bay or the whole

of the Bay will increase in the absence of harvastsrate higher than the interest rate is
not known with certainty. However, stock abundaestémates and harvest data from the
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past 14 years provide some indication that oystaks could grow faster than any
appropriate interest rate, if harvest mortality wamoved from the equation. Moreover,
given that oyster stocks appear to be declinirth@nface of current policy, it is difficult
to discern any economic justification for contingiito restore stocks in the presence of
such harvests. While the results of our estimaiothe net present value are uncertain,
they provide a basis for considering how one magitance the objective of maximizing
the net present value of the oyster resource wigand to “winners” and “losers”.

Pareto conditions are a widely used standard in@oec literature which addresses
different economic outcomes with particular regardwinners” and “losers”. A Pareto
improvement is a reallocation of resources thatesak least one person better off
without making anyone else worse off. It is a vedgxtending the common-sense idea
that, a trade that makes both parties better difhappen, while a trade that leaves either
party worse off will not be entered into voluntgril

The cost of an oyster harvest moratorium would dor@a Iprimarily by current harvesters,
who would forego current period harvest incomeocBssors would also be affected by a
closure, but the impact on them is assumed to kigated by alternative sources for
oysters and we restrict our focus to the harvestBenefits from an oyster harvest
moratorium will accrue to the owners of the resewand, depending on the growth of
stocks and the effects of their filtering, to thed®o benefit from a better functioning
Chesapeake Bay ecosystem. For the sake of sityplie exclude ecological value of
increased oyster stocks in this calculation of wisrand losers and welfare gain.

In order to go forward with this analysis, it iscegsary to assume that someone has the
ability and the desire to maximize the net presahie of the oyster resource. As noted
above, this is not currently the case. Such assteoould be envisaged as a state agency
charged with achieving the highest possible comralereturn to the resource over time,

or as the community of harvesters, who might beéecewith some corporate ownership

of the resource. Either way, it is assumed thertethis some owner or steward of the
resource who wants to maximize its net presentevadith respect to commercial

harvests. We further assume that the value storé fishery can be traded in financial
markets and thereby accessed independently of ¢tarve

The easiest part of the Pareto-improvement prolideime estimate of what is available to
compensate current harvesters so that they ammaxdé¢ worse off by a harvest
moratorium or binding harvest quotas. If the mespnt value of a profit maximizing
harvest policy (with no moratorium) over the neR0lyears is, as predicted by our
model, $110 million, then this is what the ownethad resource might be able to borrow
to compensate current harvesters for giving up theivest¥. Borrowing this amount to
compensate current harvesters implies removingf étle resource rents from future
harvests and transferring them back to currentdsievs.

%270 the extent that it may be difficult to find allimg lender at a 4% interest rate, the poteritah
amount would be lower than this.
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The more difficult part of the problem is identifig who among current harvesters needs
to be compensated to keep anyone from being madsewadf. There are, in Maryland’s
public oyster fishery, approximately 2,600 licens®ghile the majority of those licenses
are not used to harvest oysters, paying to owtidbese implies that a harvester derives
some value from it. Moreover, since the set ofenirharvesters includes some who
might never expect to benefit from future harvésteder the 17 year moratorium) as well
as others who can, there may be different perceptd the fairness of transferring all the
profits from future harvests back to current harees

A resolution for establishing who the “losers” ara what is the value of their loss can
be found in the current trajectory of oyster stogkder existing harvest policy. If
harvesters were just the victims of poor stock rgangent by some third party, it could
be argued that their true valuation of the resouarght be higher than what is revealed
by harvest behavior over time. But, as harvestave been active participants in this
management regime, those arguments are not tenibileis respect, harvesters value
the resource at its net present value under cuh@nest policy; estimated by the model
at $2.76 million.

Somewhere between the net present value of theraystource under current policies
and conditions ($2.76 million) and its maximizedrooercial value of $110 million there
is likely some price at which losers could be congated for a change in policy.

5. Summary and Conclusions

From the foregoing analysis it is apparent thattlamagement of the Eastern Oyster
resource in the Chesapeake Bay has pursued attealtiban the maximization of value
from the resource. Management practice, along anthronmental and disease factors,
has resulted in a much diminished resource. Tis¢eEaOyster Biological Review Team
(2007) provides a concise description of this eisuihe Chesapeake Bay. In this report
we have developed a more detailed descriptioneoptesent state of the resource with
respect to disease and harvest effects on stockstack change, with particular regard
to the northern part of the Bay.

The report has developed an argument for a pogypellation growth rate for oysters in
the northern Chesapeake Bay in the absence ofdtarvéhis is used in turn to develop a
model based on an underlying stock growth rate7gi&cent (in the absence of harvests)
that predicts that harvest moratoria will boostk#oover time, if restoration practices
employed over the past 14 years are continuedfamyironmental conditions are

similar to those over the past 14 years. Accordlinthis model, a harvest moratorium of
17 years will generate sufficient standing stoc¢lkd timited harvests after that 17 year
hiatus would generate greater value (in net presne terms) than simply continuing to
allow harvesters to overwhelm the reproductive capaf existing stocks with open
access levels of harvest effort.
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The model does not directly consider the costsatodsters of not being able to harvest
oysters, but this is addressed in a general digpus$ equity issues and winners and
losers. If there were an entity that could clama benefit of a restored oyster stock and if
the value of that restored oyster stock was tradiablinancial markets, it should be
possible to compensate current harvesters for linesrrelative to current trends. That is,
harvesters could be compensated for not beingtalulgve stocks to economic

extinction from current levels, not for harveststba scale that were possible before
stocks fell to their current levels.

With respect to valuations of some ecological svirendered by oyster stocks, the
model shows higher returns and lower optimal hanes®ls when these are considered.
If the value of oysters in the water is capturethim model, it is to be expected that this
would reduce the relative returns from removingtessfor consumption.

We tested the model’'s sensitivity to lower growdkes by cutting the modeled growth
rate in half and found that optimal harvest rateseffar lower than those for the higher
growth rate. However, the net present value fat flicenario was still about six times
greater than the net present value estimated foemiu(open-access) policy.

While current policy compares poorly with effontriiting policies in terms of net present
value of the oyster resource, it remains currefitypo From this it can be adjudged that
some objective other than maximum commercial ofrenmental resource value
dominates policy decision-making and oyster managnm the Chesapeake Bay.
Current policy diminishes the value of the resowacd, thereby, the number of
harvesters who can make a living from a shrinkiigg pt extends the time required to
restore oyster stocks by moving oyster abundantieeimvrong direction.

We are not clear what objective is served by tloeegeomes, but either there is such an
objective or current policy is simply misdirectebh either event, we would argue for a
value maximizing mandate for managers of the oyst®wurce. Such a mandate would
place the net present value of the resource frathicanter, where it could be pursued
with greater purpose. It might also reduce oppwsito policy-change from harvesters,
to the extent that they may be able to support eemaluable resource over a less
valuable one.
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