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ABSTRACT 

The 0 yster population in the Maryland portion of the Chesapeake Bay has 
declined b y more than 38-fold since the early part Df the century. AlthDugh the 
effects of fishing have been implicated, the decline has been attributed primarily to 
water quality and recently o yster disease. The decline has alsD been thDught to have 
affected the biote and chemistry of the Bay. Our analysis provides a quantitative 
demonstration that the long-term declines are largely the result ofhabitat loss related 
to overfishing early in the century, stock Dverfishing, early in the centur'f' through the 
recent times. Furthermore, the major ecological effects on Chesapeake Bay occurred 
well-befDre World War 1/, befDre industrializatiDn and the prevalence of disease. 
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The American oyster (Crassostrea virginica) stock in 
Chesapeake Bay is at historically low levels (1). This decline is 
often attributed to reduced water quality, disease and fishing. 
This report shows that much of the decline during the period 1884 
to 1990 results from destruction of habitat by fishinçli, and by 
stock overfishing which has been occurring since early in the 
century (2), rather than reduced water quality or disease. 

The peak catch of oysters in Maryland was 615,000 rnetric tons 
in 1884-85 (Figure 1). In the 19th century this was the bulk of 
world production. The catch, which is correlated with the oyster 
population abunda~ce, declined almost steadily reaching a steady 
state of about la metric tons per year in the 1920's (the 1990 
catch was only about 16, 000 metric tons). The decline occurred 
before water quali ty or oyster disease concerns were evident. 
Reenforcing the notion that the decline in catch reflected a 
decline in apparent abundance (or catch per unit effort) was the 
1900 observation that the dredges practically exhausted the bars 
before the end of the season (2). 

The decline in Maryland oyster abundance can be associated 
with the destruction of oyster habitat by increasingly intensive 
and mechanized fishing. From the mid-17th century to 1865, the 
principal oyster fishing gear was hand tongs (3). A1:)out 3,275 
small dories and row boats f ished wi th hand-tongs in the late 
1860's (3). These boats fished locally and the hand tongs had only 
a marginal effect on the oyster reefs, more or less "picking" 
oysters from the reef. 

After 1865 large oyster dredges were legalized (4). The 
dredges not only caught oysters but destroyed the physical 
integrity of the oyster-reef, centuries-old oyst.er shell 
accretions. The oyster dredge has teeth up to la cm in length 
which rake the bottom. The dredges covered more extensive area 
than hand tongs since the dredges were used on large sail-powered 
vessels including sloops, schooners, and later the farnous 
Chesapeake Bay skipjacks. By the late 1870's 700 dredge vessels 
had dramatically increased the absolute intensity of fishing and 
its areal extent. 

In 1887, the hand-operated patent tong was introduced. The 
hand-operated patent tong consists of two articulated "jaws" that 
are dropped to the bottorn and when closed upon retrieval rernove 
both oysters and sorne of the substrate upon which the oysters live. 
This gear enabled capturing oysters in waters deeper than tho~e 

that could be operated with hand-tongs. The effects of the patent 
tong on the entire population were intensified because steam power 
enabled extension of the range and fishing efficiency of the fleet 
to previously unf ished deep-water reefs. Attempts to constrain 
total fishing effort by restricting the dredge gear to only sail
powered vessels and to state public waters were of limited 
effectiveness because by 1890 the fleet of large sail-powered craft 
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had increased to greater than 1000 vessels. In 1900 more than 
5,714 dredges and Il,191 hand-tongs and hand-operated patent tongs 
were operating in the oyster fishery (5). This implies 10-fold and 
fourfold increases in dredge and tong nominal-fishing mortality, 
respectively. 

By 1950 an even more destructive (per unit area) gear was 
introduced, the hydraulic powered patent-tongs. The hydraulic 
patent-tong is like a jawed bucked and is much heavier than the 
hand operated patent-tongs. When it is dropped to the bottom, the 
jaws are hydraulically closed removing a "bite" from the oyster
reef structure (6). 

The destruction of oyster bars by the various gears can be 
assessed by comparing data taken during c.1907 and c.1980 surveys 
which examined the areal extent of oyster habitat (7). In the 
1906-1912 Yates survey, boundaries of oyster bars were defined by 
triangulation. Samples were taken inside this boundary by hand
tongs to increase the resolution of the estimates of the areas of 
oyster habitat. In the 1974-1982 Maryland Department of Natural 
Resources survey, shelled areas were defined as oyster bars. We 
compared the two surveys by superimposing the charts produced from 
each and then calculating the difference in bar area (8) between 
the early 1900's and 1980's. Percent habitat change for each bar 
was calculated as: - x100%.[(81982 B1912 ) /B 1912 J 

Figure 2 shows the frequency distribution of percent habitat 
reduction from the early part of the century to the present time 
classified by 1906-1912 lOO-acre bar size-classes. The acreage of 
oyster bars has declined by more than 50 percent from 1912 to 1982 
(8 , 9) . In addition to the substantial decline in acreage, the 
character of the bars must have been affected (10', J..1) . For 
example, when the European explorers first visited Chesapeake Bay 
(c.1600) they found extensive reefs exposed at low tid.e and in 
shallow waters (12). It is thought that recruitment of oysters to 
these shallow reefs would be enhanced because of reduced predation 
by blue crabs (Callinectes sapidus) (13). The decline in habitat 
obviously eliminates substrate upon which young oysters can grow. 
However, the effects have a more far-reaching influence in that 
existing reefs are also affected. Natural oyster reefs ri se 
several feet above the surrounding bottom and generate complex flow 
patterns (15). Portions of reefs where higher oyster growth occurs 
are associated with relatively intense currents that prevent the 
negative effects of siltation and biodeposition (2, 16, 17). In 
addition, sorne authors suggest that the building of an oyster bar 
is enhanced by frictional turbulence and higher water velocities 
over the bar produced by tidal movement which eliminates silt and 
increases feeding encounters (10, 14). For example 1 productive 
oyster bars in Choptank River are located at areas with strong 
bathymetric gradients (la). 
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Changes in the vertical profiles of oyster reefs caused by 
fishing have made oysters more susceptible to the effects of other 
environmental problems. In particular, mechanical destruction and 
reduction of prime oyster beds in the historically productive areas 
have exacerbated the direct effects of erosion and sedimentation 
(19). The current habitat with lowered vertical profile is now 
subject to heavy siltation (20) probably arising from urbanization, 
and associated declines of water currents due to decreased 
turbulent mixing. 

A modification of the reef profile affects the dynamics of 
sedimentation on and around the reef. The sediment ,,;rhich has 
origins both as faeces and pseudofaeces and from sources external 
to the reefs are noxious to the oysters (21). Sediment.s reduce 
gill function and reduce metabolic efficiency through increased 
production of pseudofaeces. If oysters are associated with 
sediment then their growth decreases, mortality increases, 
reproductive efficiency decreases and possibly the susceptibility 
to disease increases (22). Siltation 1s also responsible for the 
lack of suitable habitat for "spat" (recruiting juvenile oysters) 
settlement during the reproductive season (14, 23). Such large 
changes in reef structure understandably affect other populations 
that support other food chains and may very weIl be relat,ed to the 
decline of the striped bass (Morone saxatilis). 

Evidence for stock overfishing is determined from yield-per
recruit and spawning-stock biomass isopleths (24). Fishing 
mortality, particularly on smaller oysters has been sufficiently 
intense to reduce the yield per recruit and spawning stock biomass 
to less than optimum levels. Isopleths are calcula1::ed using 
estimates of i) natural mortality, ii) growth, iii) lengtb (largest 
dimension of shell length) and weight, iv) length and age at 
maturity, v) fishing mortality, and vi) the minimum length 
distribution of oysters taken by the fishing gear. 

Natural mortality estimates are based on long-term studies 
(25) which agree with our own field observations suggesting that 
the instantaneous coefficient of natural mortality is about 0.15 
(26) . In terms of growth, it is surprising that t:here are 
virtually no data on oysters larger than 85 mm. Our observations 
(27) and those of a number of authors (12,25,26,27,29) suggested 
that an oyster 85 mm in shell length is about three years old. It 
appears from our examination of 20,000 oysters that 150 mm in 
length is a reasonable estimate of the average maximum length of an 
~ster (27,28,30). This results in the growth curve, L

t 
=150mm(1-e

. t) (~2). Biomass can be obtained from length using the conversion 
Wt=aL t ; where a=3. 94X10"" and (3=2. 80, where weight at somle age t is 
expressed in grams (27,32). 

size and age at maturity are used for computing the spawning 
stock biomass. According to Gal tsof f (34) and our o\om resul ts 
(27), the size of sexual maturity is 31 mm or about one year of 
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age. 

Instantaneous fishing mortality rate is based upon e:stimates 
of total instantaneous mortali ty which is based on the average 
length (36). In 1890 the mean length of oysters in the catch was 
73 mm (37). The size at first capture was 64 mm (2.5"). Using the 
growth curve, these lengths correspond to 2.5 and 2. l years, 
respectively. The total instantaneous mortality rate based upon 
the reciprocal of the age difference was therefore 2.5. The 
instantaneous rate of fishing mortality is estimated at 2.35. In 
our 1990 survey the mean length was 88 mm and the size at first 
capture 76 mm. This corresponds to ages of 3.2 and 2.6 years, 
respectively. Total instantaneous mortality is therefore 1.7 and 
the f ishing mortali ty is 1.6. So f ishing mortality in recent 
years, although very high, is substantially lower than it was at 
the turn of the century. The smaller size at first capture at the 
turn of the century and in 1990 was related to minimum size 
regulations. In response to general concern with declining oyster 
catches, a 2.5" size limi t was imposed in 1890 to com:,erve the 
resource. However, catches still continued to decline and the 
minimum was raised to 3.0" in 1927; i t remains in effect today. 
Aiso note that prior to 1890 even smaller oysters «2.5") may have 
been taken in large quantities to supply the oyster seed fishery 
for northern states where the beds were already exhausted by 
overf ishing (e. g. Connecticut) (3). 

The calculations above enable the computation of the yield
per-recruit and spawning-stock biomass isopleths (Figure 3). These 
show that early in the century and in 1990 high fishing mortality 
and the relatively low size at first capture reflects substantial 
overf ishing. The effects of f ishing have evidently reduced the 
spawning efficiency per unit biomass of the oyster population. 
The oyster is evidently a protandr ic hermaphrodite, tt:lere is a 
predominance of females at larger oyster sizes (35,35'), suggesting 
that high levels of fishing mortality may affect the "natural" sex 
ratio of oysters. The magnitude of fishing mortality may have a 
significant effect on the sex ratio and hence spawning capability 
of the oyster. As fishing mortality increases, the average length 
of the oyster population decreases and as a result the proportion 
of females decreases, resulting in a male-dominated population, 
supported by the field studies of Kennedy (35). An increase in the 
size of first capture to 117 mm would result in roughly double the 
yield-per-recruit and quintuple the spawning stock biomasse 

The effects of a diminished oyster population certainly must 
have had an effect on the ecology of Chesapeake Bay, although these 
effects must have become evident at the time of the maximul~ stock 
decline (1884-1910), rather than only in recent times (38). 
Effects at that time must have included the oysters reduced 
capacity to filter the water column (39). This implies that 
increased quantities of dead phytoplankton which when settled to 
the bottom, increased bacteria abundance, contributing to anoxia 
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(40), a situation which again must have begun well before World War 
II (41). 

We conclude that currently habitat is probably 50% or less 
than it was a century ago, due to overfishing and exacerbated by 
environmental degradation and diminished water quality. There was 
once shell or other substrate where oysters could grow, these areas 
are now covered wi th sil t and are not suitable subs1::rate for 
oysters, impeding any recovery. In addition there has been a 
history of stock overfishing. The stock overfishing may very well 
be related to recruitment overfishing (42,43). In this regard an 
increase in spawning stock biomass would compensate to sorne extent 
for the reduction in reef structure. It is interesting to observe 
that a substantial reduction in fishing mortality y,rould not 
increase the oyster equilibrium yield-per-recruit; rather, more 
substantial gains would accrue from an increase in the size of 
capture, facts of considerable economic significance to the 
management of the public fishery. 

Although considerable concern is voiced regarding Chesapeake 
Bay water quali ty and the effects of disease on oyst:ers, the 
effects of fishing probably have had a much greater influence on 
the long-term decl ine of the oyster. The problem i:s however 
complex because the negative effects of siltation, for example, are 
exacerbated by reductions in reef profile. A replet ion program has 
been operated for a number of years, but we have shown that it 
could be improved to a considerable degree (27). f>'![anagement 
measures to restore reefs de novo may not be cost-effective, but 
more targeted repletion combined with scientifically regulated and 
managed fishing are likely to at least partially restore the reefs, 
important habitat for oysters, and other commercial and 
recreational species, such as blue crabs and striped basse 
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Figure 1:	 Time series of Maryland oyster landings. The panel 
segments show corresponding evolution of the f ishing 
gears: (A) use of hand tongs (HT), (b) introd.uction of 
dredges (DR) (note peak in production occurred in 1884), 
(C) introduction of patent tongs (PT) which corresponds 
with the beginning of the catch decline, (0) introduction 
of the hydraulic patent tong (HPT) in 1950, (E) the 
addition of diver harvesting (DI) in 1980. 

Figure 2:	 Percent 1055 of oyster reefs in the Maryland portion of 
the Chesapeake Bay determined by comparison of the 1907 
survey of Yates (5,6) to the 1980 Maryland Department of 
Natural Resources bay bottorn survey (5). The gray 
stippled region represents the line of zero change in bar 
habitat area between the two surveys. 

Figure 3:	 Yield-per-recruit and spawning stock biornass isopleths 
expressed as functions of fishing rnortality rate F and 
age of first capture te for the Chesapeake Bay Oyster 
stock. Spawning stock biornass is expressed as a fraction 
of the unexploi ted stock (i. e. f ishing rnortali ty rate 
equals zero). Point A shows roughly the 1900 position of 
the fishery, and B shows roughly the 1990 position. The 
rectangular area shows the range of the fishery over the 
last century. Pararneters for generation of th~ isopleths 
were: M==0.15, W.,==488.5 grarns, K==0.28 yr-, t ==0.92m
years. 
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Figure 1:	 T ime ser ies of Maryland oyster landings. The! panel 
segments show corresponding evolution of the fishing 
gears: (A) use of hand tongs (HT), (b) introduc1::ion of 
dredges (DR) (*, note peak in production occurred in 
1884), (C) introduction of patent tongs (PT) which 
corresponds with the beginning of the catch decline, (0) 
introduction of the hydraulic patent tong (HPT) in 1950, 
(E) the addition of diver harvesting (DI) in 1980. 
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Figure 2:	 Percent loss of oyster reefs in the Maryland portion of 
the Chesapeake Bay determined by comparison of the 1907 
survey of Yates (5,6) to the 1980 Maryland Department of 
Natural Resources bay bottom survey (5). The gray 
stippled region represents the line of zero change in bar 
habitat area between the two surveys. 
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Figure J:� Yield-per-recruit and spawning stock biornass isopleths 
expressed as functions of fishing rnortality rate F and 
age of f irst capture te for the Chesapeake BalY Oyster 
stock. spawning stock biornass is expressed as a fraction 
of the unexploited stock (i.e. fishing rnortality rate 
equals zero). Point A shows roughly the 1900 position of 
the fishery, and B shows roughly the 1990 position. The 
rectangular area shows the range of the fishery over the 
last century. Pararneters for generation of th~ isopleths 
were: M=O.15, W.,=488.5 grarns, K=0.28 yr, t =0.92m
years. 


