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PREFACE

Jn the period 1880 to 1940. the blue crab fisheries of Chesapeake Bay evolved from a re!atively small
industry to one having a significant economic impact on watermen, processors and shippers, and the coastal
communities, and the need for studied legislation and administration of the industry. The growth of the fishery
resulted also in a need for well thought out science based on legislation and adtninistration of the tishery. This
text examines v hether any of severa! variables had effects on the stocks and the successes or failures of the
fisheries. with the aim of more informed planning of scientific studies, and recommendations to administrators.

The inany changes after 1940, beginning with the establishment of a summer sarictuary in the southern end
of the bay, the invention and extensive use. of the wired crab pot, the advent of WWII and major changes in the
size of the workforce, the availability of landings and effort data obtained first by the federal govetrtment and
later by the states, and catch and hiological data obtained by independent investigators, introduced a new set of
variables to examine for their potential effects on the stock. Those changes require a major effort in analysis.
which must be deferred unti! the present text is completed.

However, some review of the fisheries after 1940 has been included here to provide clarity and continuity,
and whether later knowledge could contribute to a better interpretation of the effects of the many variab!es on
stock success. Knowledge and the fisheries did not stop in 1940,
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ABSTRACT

Minimum size limits, fishing intensity, the protection of fernale crabs v, ith extruded eggs, and variations in the
physical and chemical conditions of the environment are suggested as factors that might have attecied i earclass strength,
and/or catch, from 1880-1940 The effects of severe weather on habitat quality and the behavior of crabs are largely
unknown. Little is known of the intensity of fishing of any gear. Licenses v ere seldom required by the states over the
first two-thirds of the period, and federal canvasses of landings and fishing effort were made only occasionally until 1929.
Gear usage was not often interrupted by adverse weather, although gear and facilities that were destroied in the August
1933 storm caused a major shift in gear types for several years. New kinds of gear and methods of tishing were seldom
introduced. Three legislative changes that could have had a major impact on the itability of the bay's blue crab popula-
tion were the 3,5 inch minimum width limit on hard crabs enacted by Virginia in 1912. the bi-state imposition of ihe 5-inch
minirnurn width limit on hard crabs in 1916 and 1917, and the seasonal and geographic protection of sponge crabs enacted
in 1916, 1917, 1922, 1926, 1932, 1934, and 1935-1940. However, despite those laws, wide and frequent flue'.uations in catch
and landings have characterized the blue crab fisheries. This does not mean that minimum size and sponge crab protec-
tion laws werc ineffective, but that other factors could be either counteracting or enhancing them.

INTRODUCTIOV

Early History of the Fisheries

Although there had been hard. soft, and peeler crab
fisheries in the Chesapeake Bay before 187'. and crab
abundance v as reported io be high, consumer demand was
primarily loca!. Shipments from the Chesapeake Bay region
were unimportant. Fisheries in the coastai states north of
Maryland, especially Vevs Jersey and Vew York, amply
provided for their ov n local cor,sumer demands.

An intensii e fishery for peeler crabs in Ifary land in
1873 was spurred by ihe development of me:htxJs for
shedding and shipping soft crabs for ii hich there ivas high
consumer demand and relatively high proiit Crab meat
canning v'as initiated in 1878 in Virg! nia, enc< uraging a

The development of profitable fisheries and the
occurrence of wide annual fluctuations in landings of blue
crabs along the Atlantic and Gulf coasts of the United
States create a demand for regional laws and regulations.
Since the blue crab fisheries of the Chesapeake Bay are
confined to state territorial waters, responsibility for
fisheries management rests with Virginia and Maryland.
Regulatory authority concerning licensing, quotas,
seasons, gear restrictions, size and sex limits, and other
controls over harvesting is generally retained by each
state's general assembly, but some authority may be
delegated to commissions to establish management action
at the local level as the need arises.

Acts of the Chesapeake Bay state legislatures at the
end of the 19th century and early in the 20th century and
regulations passed by commissions decades later were
promulgated to promote the wise use of the resource, to
protect the blue crab population from practices t.hat might
lead to its endangerment, to alleviate declirung fisheries,
and to effect partitioning of seasons and/or areas whenever
there was competition between the fisheries for the blue
crab, or between the crab industry and the exploiters of
other resources.

The overall objective of this book is to describe how
the states responded to changing biological, economic, and
perhaps political conditions in Chesapeake Bay; to explain
trends in landings and indices of abundance derived f'tom
catch data, and to discuss whether rules and regulations
could have had an effect on subsequent landings. The
evolution of the rules and regulations is cited to alert the
potential user of catch or landings data to those changes
that might affect the organization of the data

Jt is concluded that the basic factors that determine

population size and thc subsequent catch are minimum
width limits and  he seasonal and geographic prntection of
adult females carrying extruded eggs. However, the
success of the hatch and survival of pre-adult stages of
development of the blue crab from 1880 through 1940 were
ultimately determined by the ivide and frequent fluctuations
in climatic events that modified the aquatic environment.
Too little is known of the intensity ol fishing in the 60-year
period to evaluate any effect on subsequent year classes

Economic and political events that occurred in the late
1930s and after 1940 encouraged major changes in the blue
crab industry: the number and dedication of the watermen,
processors and shippers; the introduction of new gears and
the decline of older ones; the opening of ncw markets; and
the enactment ofnew regulations and laiis. Thnse changes
require a different, and probably inore difficult. analysis of
the bay blue crab industry that should be considered
elsewhere.



trotline fishery for hard crabs  Churchill, 1919a!. Decl ines in
the landings in New York and New Jersey beginning in 1889
encouraged shipping from thc Chesapeake Bay states and
the expansion of the fisheries  Baker et al., 1909; Lyles,
1967!

During the first 20 years of recorded history of the
Chesapeake Bay crab industry. markets developed slosvly
and landings were small  Tables 1-2!. Crabs were often
considered a nuisance by-catch to more cornmercia! ly
valuable fish  Brooks, 1893!.

Supervision of the Fisheries

Fish commissioners for Virginia were appointed as
early as 1871  Virginia State Library, 1917!. Laws relating to
the Virginia blue crab fisheries first appeared in 1887
prohibiting crab fishing by non-residenis, and new laws
were added in 1894 and 1896 to prohibit any person from
using scrapes or dredges to catch crabs on private or
public oyster grounds  Commonwealth of Virginia, 1887a,b,
1893-94, 1895-96!. Until 1898, however, supervision of the
fisheries remained with the governor, the auditor, and
treasurer of the Commonwealth  Hooker et al., 191'2!.

Authority over the fisheries was granted to a ne wly-
created Board of Fisheries in 1898, but it was limited to

routine management, primarily permitting  licensing! and
law enforcement  Commonwealth of Virginia, 1897-98!.
Additional authority was granted the Virginia Commission
of Fisheries in 1919 to investigate migration. habits, and
propagation of fish and shellfish  Commonwealth of
Virginia, 1919; Morrissett, 1924!. Authority to make
regulations to conserve and promote  he seafood and
inarine, resources was not granted in Virginia until i1962;
with those new powers the commission was able to regulate
 with some limitations!  he fisheries quickly, avoiding the
time and expense of passing changes through the legisla-
ture.

The Mary land Commission of Fisheries was estab-
lished in 1874 tn engage in the propagation of food fishes,
to make them more availahle. and to restore the "much
deteriorated" marine a»d inland fisheries  Session Laws of

American States and Territories, Maryland, 1874; hereafter
referred to as "Session" !, Some acts of  he Maryland
General Assembly, titled Loca I Public Laws, controlled crab
fishing in the waters of each county throughout the 1880-
1940 period and are n it cited here.

Control over the seafood industry by the Maryland
legis!ature was partially relinquished in 1906 when supervi-
sion over the oyster industry was given to the newly-
created Shell Fish Coiiimission, but no authority os er the
crab industry was granted  Crreene et al., 1916!.

The execution of all laws relating to oysters, fish.
crabs. and game was delegated to the Maryland Conserva-
tion Commission in 1916 Kemp et al., 1917a!. Not unti I 1939

was "general supervisory pov'er, regulation and control
over certain natural resources within the bounds of
tidewater" granted to a newly-created Comtnission of
Fisheries by the legislature

These resources included fish, crabs, terrapin. oysters.
clams, and other shelllish  Session, 1939!, B road di scre-

tionary powers to meet local and temporary changes in  he
crab supply, and to preserve the crab lishery were not
granted by the Maryland legislature until 1943  Session.
1943!.

A bill that proposed federal control of migratory fish
and crustaceans in the Chesapeake Ray was proposed by a
Maryland representative in 1921. Agreements on the
proposed legislation were reached based on the recommen-
dations of Churchill; enactment of the bill was considered
disastrous to Virginia's industry  Bilisoly et. al., 1922!. It
was withdrawn following several hearings between the
Commissioners of Virginia and Maryhnd, the federal
Secretary of Commerce, and E.P. Churchill. fortnerly of the
U, S. Bureau of Fisheries.

Gear Regulation

References to gear types, licenses, and geographic and
seasonal restrictions are primarily and specifically cited for
the period 1880 through 1940, but some citations for more
recent years are made only for comparison, and none are
cited for 1990 or later. In this text, the quantity of crabs
taken by a gear is called the catch, and landings are the
remaining portion after disposal of dead, damaged, and
illegal crabs. This latter number was reported to federal or
state management agencies An unknown portion of the
catch was sold by wa eimen or shippers directly to local
and distant consumers, and was largely urueported.

Records of the number of any type of gear used before
1929 are incoinplete. Historical data can be obtained from
several sources:  I! "Fisheries Industries of the United
States" and "Fisheries Statistics of the United States,"

1880- 1979 �880-1960 summarized by Van Enge1 and Wojcik,
1965a, 1965b!; �! unpublished monthly license records of
the Commission of Fisherics of Virginia and the Marine
Resources Cornrnissi on, �920-79 summarized by Van Engel
and Harris, l 9 83; 1920-60 by Van Enge I and Wojcik, 1965 b!,
�! unpublished fiscal record~ of the Commission of
Fisheries of Virginia  surnmanzed by Van Engel, unpub-
lished!. �! c:,piublishcrt minutes of meetings of the
Commission of Fisheries of Virginia  summarized by Van
Engel, unpublished!; �! Acts of the General Assemblies of
Virginia and Maryland  Commonwealth of Virginia; Session,
Maryland; summarired by Van Engel and Harris. 1983, and
by Van Engel and Wojcik, 1965b!; �! reports of the Board
of Fisheries of Virgiiua and the Virginia Commission of
Fisheries; and �! annual reports of the Conservation
Department of Maryland, the Department of Tidesvater



Fisheries,and the Board of Natural Resources summarized
by Van Engel and Harris, 1983, and by Van Engel and
Wo3ctk, 1965b!.

For 60 years throughout the Bay, the hand-dip  ordi-
nary! trotline was the principal gear for hard crabs, taking
69-99% of hard crab landings. Be ween 1907 and 1917.
trotl inc length in Virginia increased from 600 to 900 feet
 Churchill, [1917]!, and may have increased from 800 to 2000
feet or more in 1916 and 1917, although the latter estimate
may have included Maryland lines  Churchil!, 1919a!.

Dredges were used only in Virginia in winter, taking 8-
17% of the hard crabs, Patent-dip tro lines, introduced
before 1920  Churchilk 1919a; Commission of Fisheries of
Virginia, 1920!, numbered 5% or less of the ordinary
trot! ines, and were used principal! y in Virginia  Van Engel
and Harris, 1983!. Patent-dips caught large quantities of
crabs in October and November when crabs tend to school.
Relatively small amounts ot hard crabs, 0.1 - 4.6~~, were
caught by scrapes, dipnets, and pound nets.

Scrapes and dipnets were the principal gears for soft
crabs and peelers, taking 67-99% of the landings  Van Engel
and Wojcik. 1965a!; 0.1 - 17% were taken by trotlines.
seines and pound nets.

Licenses and Geographic Restrictions

The first Virginia license and fee was required i n 1898
for using scrapes  Commonwealth of Virginia, 1897-98!.
Two years later, scrapes, nets, and other lrke devices were
included in a general license and fee  Commonwealth of
Virginia, 1899-1900!. Despite the minimal licensing require-
ment, the annual increase in crabbers' licenses was small
and irregular over the next 10 years  Tables 3-4!

Little is known of the distribution and intensity of
fishing effort in Virginia before 1910. Lynnhaven River and
its tributaries were closed to crabbing from 1 September to
15 November 1901, but the restriction was repea!ed in 1902,
then reestablished in 1904  Commonwealth of Virginia. 1901,
1901-02, 1904!. Winter dredging for hard crabs to support
the hard crab canning industry began before 1903  Bentley,
1937; Bowdoin etal., 1903;Crandy, 1928! and perhaps. as
early as 1900 when the general license fee was required, and
when legislation permitted that crabbing grounds could be
set apart and designated in the waters of the Common-
wealthh  Bowdoin et al., 1904; Commonwealth of Virginia,
1899-1900!.

Although dredging licenses were issued in the v'inter
of 1902-03  Bowdoin et al., 1903!, their numbers were first
reported in 1904 and 1907  Tables 3-4; Lee et al., 1907! .
Licenses and fees for "scrapes, nets and other like devices"
for catching crabs were required in 1904 1Commonwealth of
Virginia, 1904!. Lee et al. �909! estimated tha  the number
of unlicensed gear for soft crabbing in 1908-09 was three
times that of scrapes, and for hard crabbers eight iimes

larger, no  coun in ~ the thousand~ who cn a red in hard
crabbing for short penods.

Ditferent fees for specific gears were not:et in Virginia
until 1910 Tab!e 4; Commonwealth of Virginia, 1910!, and
included hand trotlines, dipnets. sof  crab scrapes. and the
use of sail and poN er boats 1'or taking hard crabs with
scrapes or dredges.

From 1910 through l9i5. trotline licenses were not
required unless the catch v as to be p~cked or canned, and
dipnets were exempted from licensing i, Commonw ealth of
Virginia, 1910, 1912!. Absolving certain trot lines froiri
licensing was reiterated by the Commission of Fis heres in
1911  Commission of Fisheries of Virgirua, 1911!.

Dipnets for taking either sof  or hard crabs, and all
trotlines were added to the list of licensed gear in 1916
 Commonwealth of Virginia, 1916!. Dipnets used for taking
soft crabs were exempted from 1918-62  Common v ealth of
Virginia, 1918, 1962!. Between 1916 and 1962, power boats
over 32 feet in length were taxed at a higher rate than
shorter power boats and sail boats taking hard crabs with
scrapes or dredges <Commonwealth of Virginia, 1916; Van
Engel and Wojcik, 1965b!, Beginning in ! 912, no ~team or
motor boat could be used [o catch soft or peeler crabs, i.e.,
crab scrapes had to be pulled into the boat by hand
 Conunonwealth of Virginia, 191 !.

Acts of the Maryland legislature through at least 1940
limited crabbing in the waters of a county to residents of 12
months or more who had obtained a numbered license, an
early form of limited entrv to a fishery  Session, 1882, 1890.
1892,1900,1902,1912,1916,1924,1927,1929!. Fees were
rarely required until 1916.

Baltimore City residents could obtain a license to crab
in the waters of Anne Arundel or Baltimore counties
 Session, 1927!. Licenses were not always required of all
ages: boys 10 years of age and younger ss ere exempt from
1916 through 193'2. Later, from 1933 through a  least 1941,
licenses were required of ages 12 through 65  Session, 1916.
1927, 1929, 1933!.

Additional restrictions varied by county. Talbot
County residents could not take crabs in waters over three
feet deep  Session. 188 !. and the use of scoops, scrapes.
and trotlines was limited to residents  Session, 1900!.
Dorchester County residents were prohibi;ed  rim using
patent twine weirs, pound nets. fykcs. stick-v eirs. or haul
seines more than 350 fee t in length  Session, 1890!, and
only that county's residents could use a boat, canoe. or
vessel to take crabs witt> scrapes. drags. dredges, or similar'
instruments in certain v aters after paying a ' .ense fee
 Session, 1890! Scrape licenses for taking peeler crabs
were required in Dorchester County in 190: t Roberts, 1905!,
and may have been required earlier A license plus fee w as
required in Queen Anne's County to!ak hard, - soft -rabs
fixr marker that year  Session, 190 !.



Citizens of counties separated by a river were permitted
to use the river in common: for example, license fees were
set for the use of trotlines in 1912 for residents ol
Wicomico, Dorchester, and Somerset counties to crab in the
Nanticoke and Wicomico rivers, and in 1916 residents of all
Maryland counties were permined lo share use of a
dtviding ri ver  Session, 1912, 1916!.

Beginning in 1912, anyone taking crabs in the potomac
River by any method, or engaging. in the business of
buying crabs for picking, canning, or shi pping had to be
licensed  Session, l 912!. Similar legislation regarding
crabbing activities in the Potomac River was enacted in
Virginia in 1930  Commonwealth of Virginia. 1930a!, but
applied to citizens of bo h Virginia and Maryland. the
record suggests that similar legislation had been enacted
earlier.

hlumbered licenses plus a fee were required of county
residents in 1916 for the use of scrapes and dipnets for soft
and peeler crabs, and for the use of trotlines or any other
means for hard crabs. This included sail, motor or row
boat; however, dredging for crabs on natural oyster bars in
the waters of Somerset County was prohibited  Session,
1916!.

In 1916,licenses were required of persons, firms and
corporations that picked, canned, packed. or shipped
cooked hard crabs or crab meat. or sold hard or soft crabs
by the crate or barrel. Persons picking and selling crabmeat
for! ocal family trade were exempt froin licenses  Session,
1916; Kemp et al., 1917a!.

Not until 1922 were engines on boats  hat were
scraping or scooping crabs outlawed in Maryland  Session,
1922, 1929!. However, in 1941, any kind of motor could be
used on a boat or vessel v hen scraping or scooping for
crabs in certain Maryland waters designated by their
exclusion from a hst of prohibited waters. no more than two
scrapes could be used, and no scrape could exceed 42
inches in width  Session, 1941!.

Sharing the waters of the Chesapeal e Bay outside the
mouth of the Patuxent River was allowed in 1929 to resi-
dents of Calvert and St. Mary's counties who had licenses
to use trotlines  Session. 1929!. Although residents of'
cc unties bordering the Pat uxent River presumably could be
licensed to use trot! ines for hard crabs, in 1935 they v ere
prohibited from taking soft shell crabs by means other than
a 'net or seine with haridle attached" t S .s sion, 1935!

presumably the seine was equipped with poles or brails and
pulled by hand.

Trends in Gear Usage

Reservation of crabbing grounds for the soft crab
fishery was assured with surveys by the Maryland Shell
Fish Commission in 1912  Vl irchel I et al., 1912!. under the
authority of Section 96 of the 1906 A. is of the Maryland
General Assembly  Session, 1906!.

In the early 1930s, in response to the economic
depression and the destruction of boats during the August
1933 storm  Conservation Department of Maryland, 1933!,
bay watermen resorted to the intensive use of dipnets for
soft and peeler crabs for which no licerise and little expense
were required  Table 5; Van Engel. 1962; Van Engel and
Wojcik, 1965b!.

The gear change was greater in Virginia, where I ess
than 2% of the scraping boats reported in 1930 were in use
in 1934. compared with 49% reported in 1934 in Maryland.
ln the bay, the ratio of soft and peeler landings by scrapes
to th at by di pne s changed from 1.75: I in 1930 to I:4 in
1934, then gradually increased to 2.7: I by 1939  Van Engel
and Wojcik 1965a!

Wire-mesh crab pots were introduced in Virginia in
1928  CommissionofFisheries of Virginia, 1928!; however.
the design was flawed and few pots were used  Van Engel,
19628 A modified pot introduced in 1936 and patented in
1938 is essentially  he design in use for more than the next
55 years  Commission of Fisheries of Virginia. 1937; Van
Engcl, 1962!.

Crab pots were banned in Maryland in 1941 in the
beliel that many juvenile crabs were destroyed  Pearson,
1942!. They were not permitted until 1943 by regulation of
 he Department of Tidewater Fisheries  undated! under the
authority granted by the Maryland General Assembly
 Session, 1943!.

Crab pots have been the ma3or fishing gear for taking
hard crabs in Virginia since ] 944, and in Maryland since
1956, Pots effect a catch anytime crabs are attracted to bait
during any 24-hour period, and can be se  in deeper waters
than trotlines, although pots are. less easily moved. Crab
pot landings, catch, and numbers of licenses are not
discussed in this text.

Trotlirles are rilost effective irl shallow waters when

crabs are schooling, are widely used in spring and fall, are
inore often set on cool mornings, and can bc easily moved
to new grounds where catches may be deemed better. The
chief disadvantages of trot!ines are that they are illegal to
set and lift after sunset and before sunrise when crabs are
moving, and are less often used under the midday sun
when crabs will not surface to follow the trotl inc bait
 Andrews, 1948; Van Engel, 1962!.

Geographic and seasonal differences in hard crab
landings for the periods 1919-25. 1961-70. and 1971-77
demonstrate the effects of gear change  Bell and
FitzGibbon, 1977, 1978, 1980; Lyles, 1963-69; Pileggi and
Thompson, 1976; Power, 1963; Power and Lyles, 1964; Set te
and Fiedler, 1925; Thompson, 1974, 1984; U S. Fish and
Wildlife Service, l 960-70; National Marine Fisheries Service,
1970-79; Wheeland, 1971-73, 1975; Wise and Thompson,
19771. From 1919-25, 76.6% of the Virginia annual hard crab
landings wus, credited to trotlines and 22. S~e to dredges. In



Maryland, 89.5% was credited to trotlines and none to
dredges  Table 6!.

Since the major portion of the Maryland annual
landings was taken from June through September, a result
of the short 23-weel' Maryland fishing season, seasonal
differences between Virginia and Marylandhave been
described for those four months; however, estimates were
also made for July and August for comparison with
landings in later decades.

Landings data by month s were first reported in 1960.
From June through September, 26.6% of the annual Virginia
landings was obtained by trotlines, compared with 62.0% in
Maryiand. In July and August, Virginia landed 10.4%, and
Mary I and landed 29.6% by trotlines  Table 6!.

The preference for the relatively more efficient crab
pots and the rapid replacement of many trotlines by pots in
Virginia are evident from the percentages of annual and
seasonal landings by the two gears from 1961-70, and the
almost total rep! acement by pots from 1971-77 {Table 6!.

Acceptance of crab pots in Maryland has been gradual
but increasing. Percentages of annual landings taken in
both states in June through September and Ju]y through
August were substantially larger from 1961-77 th an in 1919-
25  Tables 1, 6-7!, and must be credited to the increased use
of crab pots,

The smaller percentage of dredge fishery landings in
the later period is more likely related to the proportion of
the stock that migrated to the lower bay, an amount that
varies annually, than to the intensity of the trotline and pot
fisheries.

Seasonal Limita tions

General

Legislation in Virginia and Maryland established
closed seasons in specific areas or sometimes applicable
stale-wide or the use of specific gears in those areas. Open
seasons on the use of certain gear were stipulated in
Maryland in 1890, and by inference those gears were
prohibited during other months of the year Open and
closed seasons on specific gears are described in greater
detail in subsequent sections of this text,

Prior to 1932, no seasonal limitations had been imposed
in Virginia on any gear except dredges. Occasionally.
executive orders were issued by the Virginia Conunission of
Fisheries to clarify the Commonwealth's legislation or to
offer immediate solutions to problem~.

A general closure on hard crabs was ordered in 1902 in
Queen Anne's County, Maryland, for November 15 through
April 30, and in Talbot County for November 1 through
April 30  Session, 1902h Beginning in 1906 and until 1929,
hard crab fishing in all Mary! and waters was prohibited
from Vovember 1 through April 30 Session. 1906: Session,

19 9, Farle. 1930!. 1he November closure has ot ten been

stated as permitting more adult females to migrate in the fall
to the southern portion of the Chesapeake I3ay v here egg
extrusion and the hatching of zoeae would occur the
following spring and summer.

In 1929, hard crabbing in Worcester C. ountv, Maryland,
was prohibited for six months, from October 1 through
March 31, whtle the original 6-month closure. November I
through Apri130, of ail other s'fary land water s remained
unchanged  Session, 1929; Earle, 1930!. Seasonal closure in
alI Maryland waters except those of Worcester County was
shortened to tive months, December 1 through April 30, in
1933  Session, 1933; Earle, 1934!. Worcester County's 6-

onth closure was shortened to five months, november I
through March 31 in 1933  Session, 1933; Earle. 1934l, and
further shortened to four months, December 1  hrough
March 31 in 1935  Session, 1935!.

Authority to prohibit the taking of hard crabs in
lslovember in all waters except those of Worcester County,
after giving public notice, was granted to the Maryland
Conservation Cornrnission in 1937  Session, l 937!.

Soft and peeler crabs have always been exempted from
seasonal and geographic, but not size,! imitations in Virginia
and Maryland; however, it is not certain v hether the 1977
ban on capture of all crabs by any gear from May 1S
through September 14 in the Virginia sanctuary in the
southern end of the bay included a prohibition on the
capture of peelers  Commonwealth of Virginia. 1977 j.

Trotlirtes

Trotlines are baited to attract crabs, and their effective-

ness depends on the temperatures of rivers and bay waters;
normal use was from April through October in Virginia, and
May through October in Maryland. From 1919-25, trotl ines
were used 23 weeks in Maryland, and 35 v, eeks m Virginia
 Sette and Fiedler, 1925!.

On March 28, 1932, the Virginia 1 egislature prohibited
the use of ordinary and patent-dip trotlines from December
1 through April 15  Cornrnonwealth of Virginia, 1932!. This
was doric to eliminate a conflict between;he spring trot line
and winter dredge fisheries in marketing crabs ihat had
been in existence at least since 1916 or 1917. and probably
earlier  Churchill, 1919a!.

Tro line fishermen explained that their best spring
catches of crabs were made in April. while ihe dred
season could continue until April 30. Subsequently, on
March 3, 1933, the Cornrnission of Fisher ies ordered that the

dredge season be ended on April 15  Commissior. of
Fisheries of Virginia, 1933!. When ir v as advised that a
change in the length of the dredge season could not be
ordered without a public hearing, a public hearing v as held
on Apri13, 1933, on ss hich date the Commission res ersed its
decision and reestablished the cnd of rhe dredge season as

Apri 1 30.



Creneral assembly legrslation in 1936 eliminated
ref'erence to seasonal litnitat ions on  rot line fishing 1'Com-
monweal h of Virginia. 1936!, bu   errninated the dredge
season on March 31.

Scrapes and Dredges

In 1890, Maryland permitted the use ofboats, canoes,
or vessels to take crabs with scrapes, drags. dredges, or
similar gear in  he waters of Dorchester County from May 1
through September 1, inclusive. But in !892 and later, the
state prohibited their use in the Great Choptank River
 Session, 1890. 1892. 1900!.

Although in 1903 any type of dredge for taking hard
crabs could be used in Virginia from October 15 through
April 30  Bowdoin et al., 1903!, it is not certain v'hen the
winter crab dredging season opened. An opening date for
oyster dredging had been established to conform to
Maryland laws, but no separate season for crab dredging
had been set.

Beginning in 1910. Virginia law specified only the
months when scrapes and dredges were prohibited from
taking hard crabs: 1910-21. May 1 through October 31;
19'22-35, May ] through November 30; and 1936 t hrough at
least 1985  references not reviewed later!, April 1 through
November 30  Commonwealth of Virginia, 1910-77!. The
number of weeks in which dredging occurred from 1907-17
is unknown, and may have been longer than between 1919-
25; according to Sette and Fiedler �925}, dredging lasted
only 17 weeks. from December 1 through March 31.

Since 1936, instead of designating open seasons on
the use of scrapes and dredges, the Virginia legislature
defined a closed season as April 1 through November 30,
which commits an open season as December I through
March 31, Seasonal closure to sc'rapes and dredges was
applied to the waters of Chesapeake Bay, Hampton Roads,
and for many years to the ocean side of Accotnac and
Northampton counties. The use of these gears was
prohibited all year in all rivers or their est~aries, inlets or
creeks, but did not apply to the taking of soft and peeler
crabs  Cominonv;ealth of Virginia, 1936!. In 19-l-4, legislation
was enacted to permit the Commission of Fishenes to open
any dredge season on November 16th and extend it to April
16th  Commonweahh of Virginia, 1944!.

In early years, although Virginia crab dredgers were
permitted to st.rr t in November, they usually did not dredge
in earnest until nearly December  Churchill, i 919a!. In 1916,
dredging began about November 16, the earliest known
date, From 1917-1922, dredgrng began the last week in
November  Van Engel, unpub! ished data!. Boundaries of
Chesapeake Bay and IIampton Roads where dredges could
be used to take hard crabs were defined by the Commission
in 1937  Commission of Fisheries of Virginia, 1937!.

Scrape or dredge licenses for use on the ocean side of
Accomack and Norihampton counties in Virginia were

se! darn addressed. They wer» exempt from seasonal
limitations by the legislature in 1936  Commonwealth of
Virginia, 1936!, a policy that remains in effect. However,
between December 1935 and January 1939, the Commission
of Fisheries set limits on gear types  hand-drawn dredges!
and seasons  December 1 through April 30, 1935-36;
January I through lvlarch 14, !937-38! for sections of those
counties  Commission of Fisheries of Virginia. 1935. 1937!.
The use of scrapes and dredges had been specilically
prohibited on pnvate and natural oyster grounds in Virginia
since 1894  Commonwealth of Virginia, 1893-94!, Other
grounds could be set aside for crabbing  Commonwealth of
Virginia. 1899-1900!.

Dredging on public grounds not leased on the ocean
side of Accornack and Northampton counties  other than
natural oyster beds, rocks. or shoals! was not addressed
until 1939, when hand-drawn dredges were permitted from
January 1 through March 14  Commission of Fisheries of
Virginia, 1939!.

Dredges to take hard crabs were prohibited in Mary-
land until 1947 when hand-drawn dredges were permitted
on the ocean side of Worcester County from November 15
through March 14; crab dredging on private oyster
grounds or public cl amming grounds remained prohibi ted
 Maryland Departrneni of Chesapeake Bay Affairs, 1965!.

Size Litnitafions on Hard Crabs

iNo size limits ex ivied in Virginia until 1912 when a 3 5-
inch minimum width law on hard crabs other than peelers
was enacted  Commonwealth of Virginia, 1912!: justification
for this act was never cited by the assembly nor by
commissioners. No minimum-size law existed in Mary and
before 1916 �<rle, 1916!.

Efforts to enact other laws relating to crabs in Virginia
and Maryland were largely unsuccessful before 19 I 6  Earle.
1916; Kemp et al., 1917b!, probably because valid biological
information about crabs did not exist, and legislatures and
comtnissions were preoccupied with oyster industry
problems.

Hay and Shore �918! suggested that the legislatures
probably recognized that life history studies of the blue
crab were of practical importance in management decisions,
but they were too difficult to obtain. Bay-wide oyster
la ndrngs had declined over 22 years from 111.3 million  M!
pounds m 1890 to 66.6 M by 1912, 60% of its former level.
Val ue declined from $7.8 M in 1891 to $4.4 M in 1912, 56%
of its former level.

In contrast, crab landings increased from 3.2 IVI pounds
in 1880 to 45.5 M by 1908  there were no crab industry
censuses between 1908 and 1915!, although they were
worth only about 14q ofoyster landings  Radcliffe, 1922;
Anderson and Power, 1955; Lyles, 1967!,



Virginia approved a 0-inch minimum-width "cull law"
on hard crabs other than peelers on March 2'2, 1916, and
Maryland passed a similar law on April I I  Commonwealth
of Virginia, 1916; Session. 1916; Parsons et al., 1916. 1917;
Kemp et al.. 1917a, 1917b; Farle. 1918!. Virginia's new law
was applied state-wide. Maryland's minimum was restricted
to Somerset County in the southeastern corner of the state,
the center of the state's crabbing industry, but was made
state-wide in 1917  Commonweahh of Virginia, 1916;
Session, 1916. 1917; Parsons et al., 19 I 6; is.emp et al., 1917a.
1917b; Earle, 19181.

The 5-inch minimum size restriction for maximum width
across the back from tip to  ip of the longest lateral spines
has since beco inc entrenched in blue crab management
plans in all U. S. East and Gulf Coast states.

Size Limits on Soft and Peeler Crabs

The minimum width rule on soft and peeler crabs has
varied little in Virginia and Maryland. In Virginia, peeler
crabs were exempted from the 3.5-inch size limit placed on
hard crabs in 1912, and from the 5-inch tninimum size rule on
hard crabs in 1916. A 3-inch minimum size on soft crabs
was set in Virginia in 1922, but was raised to 3.5 inches in
1926  Commonwealth of Virginia, 19~&, 1926!.

It is infencd that the peeler minimum width should
have remained at 3,0 inches since a crab that size would
have produced a 3.5 inch sof  crab after shedding  Earle,
1927!. Peeler minimum width in Virginia was set at 3.0
inches in 1930  Commonwealth of Virginia, 1930b!.

Legislation in Maryland in l 916 made it unlawful to
keep "fat, snot and green" crabs  those not peelers! in
floats or in possession  Session, 1916!; the next year a 3-
inch mini num size law on sof and peeler crabs was enacted
 Session, 1917; Earle, 1918!. In 1927, the minimum size on
soft crabs was raised to 3.5 inches, and keeping "buckram"
crabs was prohibi ed  Session, 1927, 1929; Earle. 1928!.

Sponge Crab Legislation, Virginia

Along with enactment of the cull laws in 1916, Virginia
and Maryland established a closed season on females with
extruded eggs  Commonwealth of Virginia, 1916; Parsons et
al�1916; Kcmp et al., 1917a. 1917b! Legisla ion prohibited
capturing or possessing sponge crabs in July and August
in any Virginia waters and year-roundin Maryland. Previ-
ously, no protection had been given sponge crabs  Com-
monwealth of Virginia, 1912; Earle, 1916!.

Virginia has enforced a closed season on sponge
crabs every year since 1916, varying between two and 12
months' duration. The original ban in all Virginia w aters
during July and August continued through 1921 From
1922 until 1926, Virginia closed the season from June 15
through August 31  Cotnmonw ealth of Virgini a, 192

Pearson, 194k b Following the conservation recommenda-
tions ot Set e and Fiedler   l925! I Common w eiilth of Virginia,
19 6!, capturing and possessin ' sponge crabs in all v aters
for the entire year was prohibi cd in March 19'6.

The 1926 ban in Virginia aft'ording complete pro ection
to sponge crabs was short-lived. The laiv w as miidified in
1932 to permit taking sponge crabs from April 1 through
June 30 Commonwealth nf Virgiriia, 1932; Earle, 1932a;
Pearson, 1942'1 al hough the cor:.inission cc uld close the
season after giving 15 days notice "in the interest of
conservation " Presumably. sponge crab protection
continued the remainder of each year since no change in
that part of the 1926 law is knov n  o have passed.

The 1932 act to permi  taking sponge crabs from April 1
through June 30 was reenac ed in 1934  Commonweal h of
Virginia. 1934!, but deleted a provision that prohibi ed using
a trotline, patent trotl inc, or similar device from December 1
to April 15. Under the authority provided by the general
asseinbly in 1934 and 1936, the Virginia commission
shortened the season for kegal fishing of sponge crabs
 Aprii I through June 30! by one to four w eeks from 1935
through 1938: no sponge crabs were to be taken after June
14, 1935; after June 23, 1936; after IVIay 29. 1937; or after
May 28, 1938  Commission of Fisheries of Virginia, 1935,
1936, 1937, ]938!. Yo action by the commission v as
reported in their 1939 or 1940 minutes. but it must be
assumed that a spring open season was stiH in force and
that a ban on sponge crabs continued for the remainder of
the year.

Enforcement of the 1934 amendment to apprehend
violators of the ban became difficult for the small fleet of
commission hnats, and the commission began patrolling the
lov er bay night and day in 1941  Mapp et al., 1941!. even to
the "eastern end of the three mile limit"  Commission of
Fisherics of Virginia, 1941 a!. This action v as foll'owed by
an order of the Commtssinn of Fisheries �9 ' la! in June
1941, establishing a sanctuary for spor.ge crabs from May
through August in the southern end of the bay

In July 1941. the commission amer,ded the order to
prohibit taking sponge crabs from mid-April ro mid-July,
further noting that the proposalwould be pu  in the form of
a bill and presented to the next session of the Virginia s ate
legislature; however, an act was not passed by the legisla-
ture until April 1948.

Sponge Crab Legtslatton, ~Iary land

Maryland's 1916 legislation estabhshing the 6-inch cull
law also banned ihe capture or possession of an "egg-
bearing feniale crab, knov:n as the span n crab. sponge
crab, blooming female crab, or mo her crab" and "any
female crab from which the egg pouch or bur ion has been
removed"  Session, 1916k



An amendment to the bw  Session, 1916! clarified
vague synonyms for "egg-bearing females" by stating that
the female had to have "visible eggs" and also made i 
illegal to sell such females, a clarification that was repeated
in later legislation  Session. 1916. 1929!. Although sponge
crabs were available from Virginia for two  o three months
each spring beginning in 1932, possession in Maryland was
illegal.

In 1941, the Mary land legislature gave broad discre-
tionary powers to the Maryland Conservation Cornrnission
for the managemem of the crab fisheries. Subsequently,
the catching. canning, packing, shipping, or possession of

the egg-bearing female crab known as the sponge crab.
spawn crab, blooming fernale crab, or mother crab, or the
female crab from which the egg pouch or bunion has been
removed," could be prohibited or permitted after reasonable
notice of publication  Session, 1941!.

Regulations permitting the possession and transport of
sponge crabs caught outside Maryland waters were passed
in early 1944 I Maryland Department of Chesapeake Bay
Affairs, 1965!, while crabs caught in Maryland waters were
illegal.

Early Knowledge of the Life History
of the Blue Crab

The biologicalbases of acts setting size limitations
>ere never documented. By 1916, information on the
biology and economics ol' the fisheries that would have
been esseritial  o sound management practices was meager,
even though state commissioners and Bureau of Fisheries
personnel probably knew of an extensive list of blue crab
references from the U. S. Fast and Gulf coasts, as well as
srudi es in progress  Bames, 1904; Brooks. 1882, 1893,
Binford, 1911; Chidester, 19l I; Churchill, [1917I, 1918,
1919b; Conn, 1883, 1884a. 1884b; Earle, 1916; Earll, 1887;
Hay. 1905; I lay and Shore, 1918; Parsons et al., 1916;
Paulmier, 1903. 19&4; M. Rathbun, 1896, 1900; R. Rathbun,
1584, 1887; Roberts, 1905; H. M. Smith, 1891, 1917; S. Smith.
1873, 1879, ] 887; Verri1l, 1873!.

From  he earliest to the most recent publica ions,
females with ova but no ~isible external eggs. as well as
females with ler ilized eggs extruded externally on the
ssvirnmerctes, have often been cumulatively referred to as
"egg-bearing" females. Only the addition of the synonyms
"sponge crab," "spa « ii crab." "blooming female," "mother
crab," "cushion crab "orange crab," "lemon crab
"b~sted sook.' and 'feinales with visible eegs" in publica-
tions has served to identity females with external eggs, and
even some of those may be ambiguous. Hay �905!
designated a female with a triangular abdomen as "vtrgin"
and a female with a broad abdomen  i.e., an adult fernale!
incorrectly as "ovigerous "

References have been made to "win er dredging of
spon e' crabs"  Vickers et al.. 19'21, 19 21, an error il

intended to refer to all the females. al hough in truth it is
not uncommon to find an isolated fernale with a brown-

colored sponge in any win er dredge catch. The occur-
rence of an out-of-season extrusion of eggs suggests that
once the hormonal system initiates the release of ova and
their passage through  he seminal receptacles where they
may be fertilized. tha  the sequence continues with the
extrusion of eggs, even though the eggs will not hatch.

In this article, the terms "sponge crabs" or "Females
with extruded eggs" will designate the condition of females
with visible eggs on the swimmeretes. Confusion over the
reproductive condition of a female crab can be avoided by
referrmg to the gametes in the ovary as ova instead of as
eggs. and adult females not carrying sponges ran be
referred to as "gravid" females,

Be ween 1896 and 1916, various estimates were given
for longevity, and of size and age at maturity and egg
extrusion. Those estimates were cited from studies in
progress,  he literature, and correspondents. Rathbun
  1 896! stated that the range in width of adult females was 5-
7 inches, and of adult males 6- I/4  o 7-3/8 inches. However,
smaller and larger adults have been reported since then.

The duration of life was not positively known in the
early 1900's, and estimated to range from about 2 or 2- I/2
vears  o seven years, based on reports from watermen from
New York to South Carolina and some from the Gult'of

Mexico coast, and assumed to be different for maie and
female crabs. From those early reports. it is apparent that
up to that nme no one had related mid-summer and faII
maturity and mating with the condition of the seminal
recep acies and ovaries ot females in winter and the
extrusion of eggs in summer and fal!. The sequence of
those events was noi clarified until the research studies of'

Churchill [ 1917 ! .
Early estima es ol longev ity were based on scanty

biological knowledge, chiefly on the growth rate as the
basis for the assumptions of the age at which maturity and
mating occurred. Conflicting areumen s were presen ed
whether females die or possibly tnolt after they spawn,
whether  hc seasonal appearance of juvenile and adult
crabs in both the Maryland and Virginia porti ons of the Bay
resulted from migration from the sea, from the southern or
the northern part of the Bay, what was the rate of accumula-
tionn of fou! ing, on the carapace, and whether all adul 
females caught in winter li;id "spawned-out" and were
barren. The last assumption was the basis of the auitude of
Virginia watermen that winter dredging of crabs was the
"u ilization of an otherwise waste product," according to
Churchill [1917I.

In the shortest life cycle, the sequence of events were
interpreted by Hay�905! frombooks, letters and inter-
views, but tempered by personal observations. Hay
concluded that maturity and mating occurred in August
and September and that cx rusion occurred in the fa1! or



early spring. Extrusion occurred as early as lvlarch 1, 1880.
at Hampton, Virginia. as !a e as November, but usually from
April through August. Most females v ere believed to die
after spawning, i,e., before the "first winter," since large
numbers of dead females without external eggs were found
in the fall on the southern shore of the bay and the adjacent
ocean shore beaches

Mating was reported to also occur between early June
and  he "beginning of cold v cather." Hay's statement that
extrusion occurred shortly after mating would be accurate if
referring to spring mating, which was believed a pairing
with females tha  had not matured the previous August or
September and had survived  he "first winter". Since some
eggs may hatch la e in a year, subsequen  growth late in the
first year of life would be minimal, and  hose crabs may not
mature and mate un il the third spring. Crabs  hat mature
early in the summer  nay spawn that same year  Churchill,
1919b!, but Hard �942! considered that although  hat event
occurred infrequently that vari ation exists in ti ning of
copulation, grov th of the ovary and ovula ion.

Several references to "first winter" or "one or possibly
two winters" cannot be accepted at first glance, for they do
not agree with more basic information given by Hay: there
is no doubt that they refer to the "first win er" or later
win ers after becoming mature.

Hay noted that large males are common in winter and
spring and are usually battered, with shells  nore or less
encrusted with barnacles and "oysters". Current know!-
edge, though still incoinplete, is that f'ouling to that degree
would not occur before the  hird summer and winter and

fourth spring.
Hay's statement that the life span woubd be tivo years

for most females, dying after spav ning, but perhaps a year
longer for males, ignores the first year of life in the larval
and early juvenile stages.

For the longest estimated life cycle, Rathbun �896!
and Paulmier �903! placedmaturity in females in the third
summer and in males in the third or fourth summer, egg
extrusion in  he fourth summer, and longevity in both sexes
at seven years. Hay and Shore �918! concurred that
ma uri y was attained in the third or fourth summer. Their
conclusion d i sagrees with the earlier report of Hay �905!;
however. it is not certain who wrote the 1918 report or
when. Although Shore initialed the study in 1904, all of his
descrip ions were presumably rewriuen by Hay between
1912 and 1915-16, when Volume 35 of the Bulletin of the U.

S. Bureau of Fisheries was completed  Hay and Shore,
1918!.

An ex ensive review ofblue crab biology and life
his ory by Parsons e  al. �916, 1917! was based on studies

by Hay �905! and Roberts�905!, supplemented with
conversa ions v ith Chesapeake Bay watermen. Crab width
at maturi y was not addressed, bu  growth in width
between 3.5 and 5.5 i nches was es imated to he a li tie more

 han 1 inch at each shedding. Parsons et al. concluded that
 he length of the life cycle was as described by Hay �905!,
but provided new information tha  clarified and extended
the estimate of life span. They also concurred that mating
usually occurred from early June through October. but the
greatest abundance of mating pairs occurred in September
and October.

Egg extrusion was sta ed to occur ci her shortly atter
mating or not until the following summer. The lat er belief
was suppor ed by their comment  hat most females caugh 
in the winter dredge fishery had mated but had not yet
produced a sponge, and that sponge crabs appeared in the
Lower Bay in early spring at a time too early to have
resulted from a spnng mating. Comments by Parsons e  al.
�916, 1917! predated the research results of Churchill, who
had not been assigned to study the blue crab of the
Chesapeake by  he U, S. Bureau of Fisheries until July 1916.

Churchill's unpublished manuscript [1917! and his later
publications �918, 1919b! confirmed most of the descrip-
tions of the life history reached by Hay �905! and Parsons
et al. �916!, but defined the life span after a careful study of
the sequence of life history events.

Later studies by Churchill �919b! and Sette «nd Fiedler
�925! confirmed the estimates of Hay �905! on longevity
and size and age at maturity, as well as o her s atements of
Parsons et al. �916, 1917!, Churchill, w ho summarized
unpublished growth data of Hay �905! ai,d results of his
own investigations, concluded that the mean width of
mature females was about six inches, and that age at
maturity was 13-14months afterhatching.

Sette and Fiedler �926! reported that �.5% of the
adult females taken in the Virginia win er dredge fishery.
and about 3% of the adult females taken in the Virginia and
lvlary land summer tro line fisheries were less than five
inches wide. lt is evident that Churchillr I ! 917 j, 1919b! and
Sette and Fiedler �925! had defined the characteristic life
cycle of a year class, without naming it as such.

The application of the 5-inch minimum-size law to
males could have been based on the need for a uniform rule
for males and females; however, no documents are known

to exist that expressed that need.

$ridices of Fishing Success

lnterpre a i  n of trends in catch and landings of the
blue crab in Chesapeake Bay requires detailed and accura e
knowledge of a mul itude of fac ors and the means  o
evaluate their significance: �! laws arid regula ioi,s, �! gear
types and their numbers, �! market conditions, '4! the
quality of the bottom habi a  and aqua ic environment. and
�! the biology and population dynamics ot the blue crab,
e.g., the constancy of recruitment of immature crabs to the
adul  fishable stock  Van Engel. 1982a, Van Engr! et al ..
1982!. Among these, market conditions have seldom been
documented and will no  be addressed



Reference to most of  hose factors not already given
will be cited in subsequent secrions; however, although
nothing is known about the rates of recruitment of immature
crabs to the fishable stock, the wide fluctuations in
landings and catch tha  have occurred in the blue crab
fishery deny a constancy of recruitment. Further, before we
can legislate management of the fisheries, we should know
how the blue crab stocks react  o changes in those fac ors;
however, research ro evaluate  hem is just beginning.

Trends in catch or landings may be indicators of rhe
abundance of the stock if fishing efl'ort  the number ol units
of gear, their hours of deployment, and their relative
efficiency! remains reasonably constant or is known  o be
accurate. Fishing effort data for much of the period 1880
through 1940 are either unknown or are of questionable
quality. which mitigates against sensible interpreta ions of
their effects on trends in catch or landings.

Salient features of  he landings and catch reports
 Tables I-'2, 7, Sa-b; Figs. 1-2! invite description and
explanation, No Figure is given for 1880-1905, since
landings data for only eight of the 26 years werc reported,
and no catch data were collected. Frequently, for later
years, parallel trends tn catch of hard. soft, and peeler crabs
by different gears are evident. Ho~ever, statistical coinpari-
sons of catch with landings are seldom possible: catch data
for one or another gear have been collected every year
since 1907, while landing surveys were infrequent before
19 9. Further, data sets are sometimes in disagreement
when both landings and catch are available.

Throughout the discussion, when referenre is given to
changes in population size and catch that could have been
due to reproductive successes or failures, it is implied that
those changes resulted from variable survival rates of the
zoeac, megalopae, and juveniles from a population self-
contained within the bay, a widely held concept until rhe
19$0 s,

Plankton surveys now suggest that zoeae are trans-
ported to the conrinental shelf, grow  hrough successive
molts there, and are transported as megalopae back  o the
bav, where  hey metamorphose to the first ju veni le crab
stage. However, no estimates of the percentages of any
growth stage being transported out of or returned to the
bay have been presented.

Factors Affecting Abundance and the Catch

From earhesr times, watcrme n and commissioners
almost unanimously believed that thc future abundance of
the stock and maintenance of profitable fisheries were
determined by four factor~ that should form rhe bases of
management:  I!  hat female sponge crabs should be
prorec ed; �! that minimum size limitations shouldbe
imposed on juvenile crabs before they are recruited to the
peeler, soft, and hard crab fisheries; �! that keeping
"green' crabs   hose that do nor have a fully formed soft
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shell beneath the old hard shell. or a color sign on the outcr
edge of the fifth leg,  the "back fin"! in peeler floats was a
~asteful practice and should be outlawed: and �! keeping
buckram crabs for sale with hard crabs was another
wasteful practice. The long-standing disagreement
between some Maryland and some Virginia v'atermen,
administrators and legislators that  he Virginia winter
dredge fishery  which concentrates on adult female crabs!
was counter-productive to wise management. has never
been settled. Virginia maintains that the dredge fishery is
economically valuable, also arguing that taking adult female
crabs in winter is less taxing on a single year class of the
stock than the total bay landings of adult females by
trot lines  and pots since 19391 in the fall preceding the
winter tishery and in the following spri~g.

Controversies between users of different gears over
fishing sites and seasons have almost always been settled
by laws or regula ions.

A few physical factors of the environment, such as
extreme cold winter weather, unseasonably cool and we 
weather in the spring, northeasterly srorms at any time,
strong wind and heavy rainstorms, and  he rarely occurring
hurricanes and tropical storms, were recognized or assumed
as adversely affecting either or bo h the availability  the
fraction of the stock susceptible to capture! and the
catchability of crabs  the fraction caught by a unit of
fishing effort!. A third fraction of the stock is non-vulner-
able to capture when it is inaccessible to gear. Since those
physical factors were uncontrollable, they were usually
ignoredby waterrnen, commissioners, legislators, and many
scientists when considering management plans.

The effects ot these envirorunental events vary from
temporarily halting fishing effort, destroying fishing gear,
temporarily changing habitat preferences of crabs, and
causing a minor reduc ion in catch for several days. lf
habitats are permanently ahered, the natural mortality rate
could rise, reducing catch for several weeks or months. or
even reduce the spawning stock size and the succeeding
generation of crabs.

Water quality, land management practices, water use
and diversion, and habitat protection were other factors
considered beyond the control of lisheries managers, but
those issues were never raised in the early history of the
fisheries.

Storms and Hurricanes

Although all severe winter storms that occurred
between 1880 and 1940 were reported by the U. S. Weather
Bureau, the effec s of only a few storms on crabs and
crabbing were noted in Cotnmis sioners' reports  Roberts,
1905; Kemp et al., 1919; Armstrono, 1937; Dueret al, 1937;
Pearson, 1942, 1948!. Large numbers of small crabs were
found dead in Maryland tributaries in 1917-18; dredges



hauled in large numbers of dead crabs in 1917-18 and 1939-
40; and low catches of snfr. peeler, and hard crabs v ere
reported in 1902, in 1936. and IVlay 1940, following the
severe srorms of 1901-02, 1935-36, and 1939-40.

Strong. often gale force winds accompanying the low
pr:ssure centers that frequently occur over the southern
end of the bay and on ad!acent nearshore waters cause
high mortality of adult females. They are swept over sandy
bottoms where their shells are abraded Van Engel. 1982b!.
Similar losses tnust have occurred when the more intense

tropical stortns and hurricanes passed through the region
 September 17, l878; March 1888; October 25, 1897; August
23, 1933; September 18, 1936!, but reports concentrated on
the physical destruction of boats. docks, and the shifting of
bottoms  Conservation Department of Maryland, 1933;
Daily Press, 1984!.

Other effects of severe winter storms, and record or
near record! ow temperatures. have been only occasionally
reported. In some winters, large quantities of ice formed in
rhe tributaries of the Maryland portion of the Chesapeake
Bay, and floating ice sometimes occurred through the
southern end of the bay, curtailing or hindering fishing
effort  U. S. Weather Bureau, 1901, 1912, 1917, 1918, 192'2,
1934, 1936, l939, 1940, 1959!.

Other unusual weather conditions in the Chesapeake
Bay not found in reports of the U. S. Weather Bureau �897-
1939! were provided by William Cronin  Environmental
Protection Agency  EPA!, 1983!: severe hurricanes in 1881,
1882, 1886, 1887, 1894, 1897, 1902, and 1928, a tropical srorm
in 1902; and a tornado in 1926.

Temperature/Srtl i nity/Dissolved Oxygen

Characteristics of cold waves that affect crabs have
not been studied. A mini!num temperature, a range of low
temperatures and/or their duration, and whether cold acts
independently or synergically with other factors such as
fresh water flows, salinity, and dissolved oxygen. have
been suggested but not determined. It has been speculated
thar crabs normally remaining in deep waters in early winter
would move to shallower v:aters during an early season
warm spell and be killed by one of  he frequent! y occurring
February freezes  Conservation Department of iiMaryland.
1931!.

After mating during the final <terminal! molt, which
usually occurs in the fall, adult f" niales mig are frc m lower
to higher salinity. Migration to higher salinity is of survival
value to the species, for it places the fernale in an environ-
rnent f'avorable to the extrusion and hatching of the eggs
the following summer, and the subsequent growth and
survival of zoeae and megalopae. From this evidence of
migration  and supporting evidence from studies of
osmoregulation in blue crabs in which adult females were
shown to he less efficient osinoregulators in! ow er salinity!,

it was concluded that adult females do not tolerate low

tetnperatures at low salinity <Tan and Van Engel. 1966;
Tagatz, 1971!. This is consistent with the observation that
after a severe winter storm, deaths of adult females increase

from the southern, more sa! ine portion of the Bav. to the
Maryland-Virginia border, where the salinity averages 15
ppt  Van Engel, 1982a 1.

The temperature/salinity factor rnav not be the only
one involved in those winter mortalities. Studies of
nutrients and dissolved oxygen  DO> in the Bay and irs
tributaries were seldom carried out before the I ate 1930s

 EPA, 1983!. Levels of these chemicals as indicators of
trends in water quality have been rcviev ed by ihe FPA.

DO saturation concentrations decrease with increases

in salinity and temperature; I>O is added to near surface
layers by photosynthesis. removed or consumed by
biological processes, transported by horizontal and vertical
advection, increased through vertical mixing by winds at
any time of the year  particularl in winter!. and decreased
by freshwater input that decreases the mi xing rate  Carpen-
ter and Cargo, 1957; Environmental Protection Agency,
1983!. Areas of the Bay where low DO �.7 ing L ' 1 occurs
at depths greater than 30 to 35 feet have increased since
1950, Although the deficiency of oxygen in the Bay from
the Patapsco River, Maryland, south to the vicinity of
Reedville, Virginia, has increased in duration and intensity
at depths from the bottom to the halocline  U. S. Fnviron-
mental Protection Agency, 1983!, anoxic conditions should
be minimal in winter v hen the thermal resistance  o mixture

is low and the overturn of the water column is complete.
Anoxic conditions prior ro 1941 have not been reported, to
my knowledge.

Surface water temperature SWT! at orbclow freezing
was observed at either or both Baitimore and Windmill

Point in January 1884, Januarv 1893, February 1895,
February 1902, February 1904, and January through
February 1918  Table 9; U.S, Coast and Geodetic Survey
 USC/IcGS!, 1955; Bumpus, 1957!. Although cold waves
seldoin penetrated the southern region of the Bay, record
freezing air temperatures accotnpanying state low s v,ere
usually reported at Norfolk, Virginia lU, S, Weather Bureau,
1959!.

Pearson �948! found no "apparent" 1 sic 1 correlation
between mean air temperatures in the Bay t'rom January to
March and fluctuations in annual!. " '�-igs between 1930
and 1944, He concluded that most f uc !nations in landings
resulted from causes other than occasional severe winter
weather. While v inter storms brieflv curtailed fi hing effort
and causedmortality more evident among adult;emale
crabs than males. there is no evidence in thc f:rst 46 years
of the fisheries that they had any last!!,g effect on the
stock.

According to many warcrmcn, rhe openin= of t!ie
spring peeler fisheries occurs during ihe,full mr on atter the
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third week in April at about the tiine 9 hen SWT may reach
60'F  roughly 16 C!, however. this varies froin late April to
early May. Mean monthly air tempera urc statewide for
May in Virginia from 1891 through 1940averaged 64.1'F
�7.8 C!, and only in 1917, 1920, and 19'25 was the May
mean lower than 6 y'F, with deficits > -4.1'F  -1.8'C!  Table

10; U. S. Weather Bureau, 1940!.
In Maryland, the state air mean for May through 1940

was 62.6'F �7'C!, but temperatures below 60'F, with deficits
> -2.6'F  > - I.PC!, were reported for May 1907. 1917, 1920,
1924, 1925, and 1935. In Virginia. freezing air temperatures
occurred at least one day in May during every year except
1892 and 1933, and in Maryland, one day in every year
except 1933.

Water temperatures, rather than air, would more
accurately describe condinons at Bay fishing sites, except
when depressedby recent cold fresh water flows. Monthly
mean SWT at several locations in the Chesapeake Bay
recorded as early as 1873 were summarized by 8umpus
�957!, and beginning in 1914 by the USC&G Survey �955!.

fvIay SWT means at Windmill Point at the mouth of the
Rappahannock. River were lower than 60 F �6 C! six times
in the 41 years 188'2-1922, and once at Baltimore in the 26
years 1914-1940  Table 9!. Projections from those surface
observations to temperatures at depth can be tnade from
observations at 0, 10, 20, 30, 40 and 60 feet that were made

by thc Chesapeake Bay Institute of The Johns Hopkins
University  Stroup and Lynn, 1963!. On three Chesapeake
Bay cruises May 20-~&, 1950; April 22-May 13, 1958; April
27-May 17, 1960! and on part of 24 cruises from July I, 1949
through August I, 1961!. the surface temperature ranged
f'rom 55.4-62.6'F �3-17 C!, and ai 10 feet was either the
same or 1.8-2.6'F   I'C! lower at both Baltimore and Windrnill
Point.

Unseasonably cool and wet weather in the first 10 days
of April 1931, a condition not mentioned as unusual that
year by the U. S. Weather Bureau, was reported to have
retarded ihe devetopment of crabs in Tangier Sound
 Conservation Department of Maryland. 1931'l.

Leffler �9721 suggested that growth of blue crabs
seeins to be "decelerated" by cold water after observing
that maturity is attained in 13 to 18 months in Chesapeake
Bay, but less than a vear in the St. Johns River. Florida.
Unseasonably low SWTs in April or lvlay would not only
delay the opening of the Chesapeake Bay fis Iieries and
retard molting and grov th of juveniles and adult inales, but
could conceivably delay embryonic development and
preparations for the extrusion of eggs. At Beaufort, hlorth
Carolina, sponge crabs with recently extruded eggs,
presumably orange colored. v:ere found in early April, while
dark sponges were not found until four to six weeks later
 Costlow and Bookhout, 1960}. Salinity arid temperature
data ivere not provided.

While a few sponge crabs tnay appear in the southern
end of Chesapeake Bay in late April in an extremely warm
spring, intensive egg extrusion docs not begin until mid-
June. and sometimes as late as early July, It ceases by early
September. at least for the 30-year period from 1955 to 1985
 Van Enget, pers. obs.l. and may have been the condition
earlier.

Thc temperature effect on embryonic development and
hatching was observed by Churchill �919b!, Sandoz and
Rogers {1944 I, Costlow and Bookhout   l 960!. Sulkin i".t al.
�976!, and Amsler and George �984!. Hatching was
estimated by Churchill �919b!  o occur in the 14 to 17 days
between June 15 and July 2, with S WT in late June at 26"C
�9'F!.

In the studies of Sandoz and Rogers �9441, eggs held
in shallow pans or pint jars of York River water at 21.6 to
29. AC �1-84'F! at ambient salinity, or water adjusted from 0
to 33 ppt by evaporation or dilution, hatched between 12.8-
30 ppt in 9 to 14 days. 'slo eggs hatched at 14, 17, 30 or 31'C
�7.2. 62.6. 86, 88"Fl.

Costlow and Bookhout �960! observed hatching in
shaker boxes in not more than I I days at 22 or 25 C. Sulkin
et al. �976! attempted to induce ovarian development and
hatching of eggs during the winter, starting in mid-Novem-
ber, by maintaining adult females in aquaria at 16'C �0'F!
and 19'C �6'F! and at 30 ppt. Two adult females among a
group of 10, held at 19'C �6'F!, extruded eggs to the
aquarium floor in the third week of January and the third
week of February. The eggs were then held in reciprocating
shakers at 25'C �7'I-'!, and hatched in 15 and 21 days. No
eggs werc extruded from females held at 15 C.

In a later study, Amsler and George �984! removed
eggs I'rom sponges  in vitro! and held thetn in shaker
boxes. They also removed eggs with developing embryos
daily from sponge crabs  in vitro!. Zoeae hatched in 8 to I I
days at ~U-26'C �7-78. 8'F!, temperatures which normally
occur from mid- June through mid-September in the Chesa-
peake Bay. and they hatched in 45 days at 16 C, a tetnpera-
ture that normally oci:urs in the bay from mid-April to early
May.

Maturation of the oocyies, vitellogenesis, and the
development of ovarian lobes begin immediately after the
terminal molt, whether or not mating has occurred  Cronin,
1942; Johnson, 1980; and Ryan, 1967, for Porrttttus
sangttinolenttts!. In tnost blue crab females that mature in
late summer or fall, the ovary has the shape, size, and color
in winter as seen in spring  Van Engel, pers. obs.!.

Three developmental stages are beiieved to be delayed
until sometime just before ovulation: the development of
special epithelial cells in the oviduct, the forntation of the
chorionic membrane of the. mature ovum, and the opening
of the proximal end of the oviduct, benveen the ovary and
the oviduct. Epithelial secretions werc proposed by
Johnson �980! to act against foreign sub~t~nces in the



oviduct and seminal receptacle. and to act as an antimicro-
bial substance; these must be available at  he time the
oviduct is open between the ovary and receptacle just prior
to ovulation.

The accessory cells  also called nurse cells and follicle
cells!, which move to surround the oocytes at the pubertal
tnolt  Cronin, 1942; Johnson. 1980!. may become the
chorionic membrane of the mature ovum in the blue crab.
according to Johnson �980!. She suggested that comments
by Ryan �967! on Pontnius sangninofenrns might apply to
the blue crab. It is very possible that the three deveiop-
rnental stages are delayed in spring when SWTs are not
"favorable" for egg extrusion, but no specific studies have
been at empted to de ermine such temperature effects.

Ainsler and George �984! thought differences in
development rates were likely due  o a diapause  lapse in
growth! in the gastrula occurring at the lower tempera ure,
and that growth would eventually resume at the higher
tempera ure. They based  heir explanation on the work of
Wear �974! on unrelated decapod crustaceans.

The occurrence of diapause in blue crab embryos at
relatively low temperatures �6 C,60'F! would have survival
value since hatching would be delayed until adequate food
was available for the zoeae. Also, longer retention of
extruded eggs on the females would expose the eggs to
predation and disease. The evolution of mechanistns to
minimize extrusion of eggs at low SWTs would provide
greater survival value for  he species. The delay of mass
egg extrusion until water temperatures reach 70 F in mid-
June or later in the Chesapeake Bay, then a subsequent 10
to 14 days before hatchine, and 30 days for completion of
zoeal development, is consistent with the observed
placement of megalopae in the lower bay by mid-August or
early September,

Numerous climate variables have been compiled and
exainined for their possible eft'ects on blue crab life history
stages  Van Engel and Harris, 1979, 1980, 1981!. Coo lmg
degree days  CDD!  air tern peratures >18.3'C, 65'F! in May
at Norfolk, Virginia, in the year of the hatch. Delaware Bay
meridional wind stress in January following the year of the
ha ch, and the log transformation of the York River juvenile
crab catch per tow from September in the year of the hatch
through August of the following year were variables in a
multiple correlation analysis which explained 86%  r'! of the
variation in Biological Year  September in the year after the
hatch through August the next year! commercial bay hard
crab landings from 1964 through 1975  Van Enge1 and
Harris, 1979, 1980; Van En gel, 1987!.

Since May CDD had the highest sing!e correlation with
Biological Year landings  i' = 59%! of all variables  es ed.
and was the only one of the  hree variables available for
analysis for the present study, estimates ol' the CDD were
calculated as the sum of the departures of the incan daily air

temperatures from 65'F for May at iNor to lk. 'v i r inta. for
1897-1939  U. S. V'cather Bureau, 1897-1939k Thev are
presented with the departures of Virginia and s,iaty bnd
mean May air temperatures and precipitation from the long
term May tneans  U. S. Weather Bureau, 19401 l Table 10!.

Not surprisingly, since CDD and SWT are esiitnates of
the water quality,  here is a high level of ciirrespondence
between Norfolk CDD l Table 10! and SWTs 1 Table 9!,
although a closer coriesponderice exists be w een Norfolk
and Windrnill Point than with Baltimore. The absence of
catch and/or landings data for much of the earlv his ory of
the bine crab fisheries prevents analyses ot the statistical
relationships with abiotic factors of the environment.
However, the long senes of CDD  Table 101 and of S'iVT
 Table 9! will be used in the discussion of possible effects
of those variables on the success of year classes.

Since the number of CDD in May in the year of the
hatch was one of the variables that correlated highly with
Bio!ogical Year commercial crab landings, it is proposed
that spring warm SVel' encourages early development of
the ovary and could be an early indicator of the strennth of
the new year class. In contrast, since cool spring tempera-
 ures inhibit early movement, feedine, and growth cf
juveniles of the previous year s hatch. the start of the
sprmg trotline fishery is delayed, but previously estab-
lished abundance is not affected.

A close correspondence between CDD ar.d SIVTs has
already been mentioned. Examination of tabled values of
CDD, SWT, and indices of catchability suggests that large
CDD in May along v ith high SWTs relate closely to
successful fishing the same year, but are r.ot predictors of
strength of the year class that will support the fishery one
y ear la er.

Rairtfall/River Discharge

Effects of rainfall on land vary with the ground cover
and soil type. While it is presuined that most w a er is added
to deep aquifers that do not reach Bav vs ater urbanization
and the concomitant loss of farms and forests result in less
water reaching deep aquiters and more feeding into rivers.
Additionally, urban and industrial needs for w a ter may
result in more and larger irnpoundmen s. redistribut inc the
water not onl>' to other river systems cr tc other parts of
the same river, but leveling off extreme f;ow s.

Excessive rainfall washes chemicals and orga, ' r. at'.er
from parking lots and farm land and flushes sesver !tres into
small streams and creeks, resulting in rapid bacterial
decomposition of such subs ances, the dep!ei!on of
oxygen, and contamination of Bay waters by non-oxidized
chemicals. Rainfall on thc Bay waters is usuaily insuflicient
to modify salinity Seasonal nrecipitation, par;icularly July
through October and March throu h allay. is closely
associated»ith seasonal riser disch rge rail..er than total
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precipitation deficit during the water year, i.e.. from October
1 through September 30  Tables 11-13!.

Excessive or deflcient river runoff was never mentioned

by federal or state scientists or commissioners as affecting
the catch between 1 g80 and 1940. Nevertheless. it must be

obvious that both short-term and long-term changes in the
salinity regime of the Bay must require physiological
responses in many Bay species. In blue crabs, changes
could affect reproduc ive and growth rates. distribution of
the stock. and rates of availability and catchability.

The main water supply to the Bay is runoff from the
Susquehanna River. with a mean monthly discharg.e during
the water year of 34,430 cubic feet per second  cfs! between
1890 and 1950, recorded at Harrisburg, Pennsylvania. The
Susque-hanna is the source of over g5% of the fresh water
to the bay above the mouth of the Potomac River  Chesa-
peake Bay Research Council, 1973!. Runoff from the
Potomac River is second in volume, with a mean monthly
discharge at Point of Rocks, Maryland, of 9,279 cfs from
1895 to 1950. A lesser amount is discharged from the Jatnes
River at 7.212 cfs, recorded at Cartersville, Virginia. from
1898 to 1950  U. S. Geological Survey, 1958, 1960!.

Inflo to the Bay from these systems as a percentage
of contribution from all river basins was estimated by Wells
et al.   1929! at 47%, 17% and 9%, respectively. As urbaniza-
tion and impoundment construction increases, contribu-
tions from those rivers will increase.

Although the mean monthly discharges from the
Susquehanna and Potomac rivers differ, they were synchro-
nized in 35 out of 50 years, e.g., low flow from both the
Susquehanna and the Po ornac occurred in each of those 35
years Also, the Potomac and James river discharges were
similar though not equal in volume, and v cre synchronized
in 30 out of 46 years.

River Discharge/Ntt triett ts/Sed ittt est ts/Sa!i ttity

Deviations from the long-term means of streamflow
could alter some chemical and physical characreris ics of
the aquatic and bottom environments such as salinity,
temperature, dissolved oxvgen and suspended sediments.
including organics, close to or at some distance from the
outfall, depending on the volume of the flow.

River discharges, shore erosion, primary productiv-
ity, and landward transport from the ocean are  he principle
sources of sediments  Maynard Nicho'~, pcrs. comm.!.
Sediments may also be transported by channel dredging
and spoil disposal The accumulation of sediments can
affect several phvsical conditions,.such as «ircularion
patterns, salinity, dissol ved oxygen, and teniperature
distribution, all of which have biological effects.

Nutrients in river discharges would affect the arowth
of heterotrophic bacteria and phytoplarikters. Those
alterations in  he environment may affect some or all of r'he
crab life history stages in their selection of habitat sites and

food sources. which in turn could lead to changes in rates
of reproduction, growth, mortality, or all three.

Discharge less than the cutnulative long-term mean
flow from July through October raises the salinity of more
acreage in the Lower Bay, affecting blue crabs by;  I!
reducing, though not necessarily eliminating, the transport
of zoeae to continental shelf waters during ebb tides. thus
retaining a larger than usual percentage of zoeae in the Bay;
�! providing more foraging space which could contain a
larger supply of phytoplankton. pertnitting above normal
rates of growth and survival of zoeae; �! reducing the
quantity of nutrients that normally accompany river
discharge, and thus slowing phytoplankton production. To
some degree, the lirstscenario would minimi ze the hazard-
ous and unpredictable mechanisms for return of rnegalopae
from the continental shelf to the bay in the fall.

If throughout the summer and early fall there was a
reversal  o discharge greater than the cumulative long-term
mean in voluines up to extreme flow, the acreage of high
salinity in the lower bay would be reduced. Conceivably,
but w it hoot biol ogica 1 or statistical confirmati on, more
sponge cra.bs would seek the higher sa! inity waters at the
mouth of die bay and on the continental shelf. where
hatching of eggs and dispersal of zoeae would occur.
Continued large discharge at the mouth of the Bay would
lead to the dispersal of zoeae farther south and east of the
bay. Nothing is known of the fate of zoeae or megalopae in
such situations, or what percentage of' them could be
transported back to the Chesapeake Bay. i8utrient input to
the Bay and adjacent continental shelf waters would
increase with greater discharge and encourage het-
erotrophic bacteria and phytoplankton production, as
observedby Zubkoffand Warinner �973! following
Tropical Storm Agnes in June 1972.

ln winter and spring, March through May, flow less
than the long-term mean raises the salinity of tributaries
and the Upper Bay and forces juvenile crabs to migrate
farther upstream to seek an environment to which they can
physiologically adapt. Their ultimate destination may offer
less physical space and foraging capacity than would be
found downstream under a normal salinity regime. The
consequences would be increased intraspecific competition
for food and space and increased potential for starvation
and cannibalism, resulting in higher mortality rates. How
low the discharge must fall in winter and spring  i.e.Jess
than the mean, equal to, or slightly greater than the mean!
lo produce this situation is unknown.

Low flow season from the Susquehanna, Potomac, and
James rivers is described as July through October; the
succeeding high flow period is from March through May
 Tables 12-13!. Average monthly means for the low and
high flow seasons are marked minus  -! when the flow is
less than  <! the long term mean. and plus  +! when the flow
is larger than  >! the long term mean i Table 12l.



Synchronism of the seasonal means differs from that of
mean monthly discharge volumes referred to earlier.
Seasonal lov flow was synchronized in the Susquehanna
and Potomac in 'Z6 of 50 years, in the Susquehanna and
James in 19of46 years, and in the Potomac and James in 2'2
of 46 years. High flows were synchronized in the
Susquehanna and Potomac in Z2 of 50 years. in the
Susquehanna and James in 1 3 of 46 years. and in the
Potomac and James in 18 of46 years.

Whether June should be included in the months of
summer low flow is barely debatable on either biological or
physical grounds. When June discharge was added to that
of July through October for each of the rivers, the dis-
charge showed only a minimal increase or decrease in the
mean  or the reverse! in approximately 5% of the years
studied. Selection of discharge rates from March through
May may be too late to porn ay the volume of flow in fall
and winter in the Lower Bay, since juveniles arrive in the
nursery grounds of the tributaries early in September.
However, the choice of March to May might more accu-
rately define the occurrence of the most favorable environ-
rnent for blue crab growth in the Upper Bay, since migrants
10-60 mm width were rarely found north of the Potomac
River in the fall of the year of' the hatch and did not usually
occur in Mary!and in large numbers until early spring. The
close relationship between seasonal rainfaB and river
diccharge suggests that the selection of July through
October. and March through May were better than other
data sets.

Whether any particular variation of the water-supply
cycle affects or determines the strength of a blue crab year
class or affects distribution and catchability has been
considered only since the early 1940s  Van Engel, 1947;
Pearson, 1948!. While Pearson�948! acknowledged that
fluctuations in salinity in the Virginia portion of the Bay
may play a cignificant role in the survival of zoeae, he
chose to search for the highest coefficients of correlation
between the mean daily discharge for each month from the
Susquehanna River  presumably recorded at Harrisburg!,
the Potomac recorded at Point of Rocks, and at Cartersville
on the James River, and indices of fishing success of adult
crabs one and one-half years later which were obtained
froi» records of the winter dredge fishery.

The largest negative correlations betwee~ discharge
recorded at Carters ville on the James River, 19 to- 1 944. and
indices of abundance from 1931-32 to 1945<6 were ob-

tained for June, August, and May in decreasing order.
Pearson selected May and June for further analysis with
dredge catch because he believed they were months of
heavy spawning; he obtained a correlation  r! of -0.756.
Selection of' diccharge rates for May and June was unfottu-
nate, based on his erroneous belief that heavy spaivning
occurred in those months. That intensity does not u.cually

occur before mid-June and is more likely,ichieved in July
and August.

Mean daily discharges reported from the Point of
Rocks on the Potomac for May ard June w ere also more
highly correlated than other months v'ith the dred e indices
 r = -0.528!, but discharges from the Susquehanna River
were not correlated with catch  Pearson. 19 ' 8'i.

Pearson's scatter diagram and Table this Ft< 6 and
Table 1 6! of the relationship betv een the James River
discharge data and of tishing success from 1930- 1 94-1
indicates that the high negative correlation depends on
four data points, the iwo representing hieh fishing suc-
cesses at low river discharges in 1930 and 1941, and two for
low successes at high discharge in 1940 and 194 . A
regression of the remaining eleven data pair.ts would be an
almost vertical line with r = 0, which suggests the occur-
rence of innumerable other environmental v ariables or

physical factors that might affect either yearclass strength,
the winter distribution of crabs within the Lower Bay, or
estimates of the mean daily discharge or relative abundance
from the dredge catch. For additional emphasis, Pearson
added that the. large mean daily discharges from the James
River for May throuah August 1919, 1924, and 1940
preceded minimum commercial yields for 1920. 1925, and
1941  his Table 1!.

inferences about the effects of specific volumes of
fresh-water runoff have come primarily from two sources:
the salinity/temperature requirements for successful
hatching and curvival of zoeae and mega le pae  Sandoz and
Rogers, 1944; Newcombe, 1945; Costlow and Bookhout,
1959; Costlow, 1967; Amsler and George. 1984!. and from
monthly surveys of the abundance and distribution of
juvenile crabs in the York River system. conducted annually
smce 1956.

[n the fatter case, more juveniles were found farther up
the system in dry years than were collected in years of large
fresh-water runoff  Van Engel and Wojcik. 1957 1 This may
be interpreted as a positive physiological response to a
particular salinity environrnenb

Further suggestion of an effec~ of the Bay's water
supply cycle on the stock biomass is rhat!he geographical
distribution of the various life history stages at ihc blue
crab within the Bay varies seasonally with the Bay s water
supply cycle  Fig. 1!. Egg extrusion. hatch: ng. and zoeal
development occur in the southern end of'the Bay in mid-
summer when the mean river discharcec are low and the
Bay salinity is relatively high. Juvenile migrati in into the
nursery zones of the tributaries and the upper Chesapeake
Bay occurs in the fall as riser discharge i o!uiiie increases,
and juvenile development becnmes miire r~p~d ir, the spring
when mean river discharges peak. De'elapment to the
adult stage occurs in the brackish riier and Bay v atcrs in
mid-summer v hen mean rii cr discharges are lou. and mated



females migrate  o the southern end of the Bay in ihe fal! as
mean river discharges become higher  Ftg. I !.

The influence of the water supply cycle on yearclass
strength is !ess certain and not fully understood. While
some zoeae are transported on ebb tides to the adjacent
continenta! shelf waters, the percentage transported out of
the Bay is not known and may range widely, probab! y
strongly affected by the discharge volume Return trans-
port to the Bay depends on some still undetermined factors,
such as seasona! atmospheric events.

Percentages returning, probably as megalopae, are
unknown. The percentage would depend on factors of the
shelf aquatic environment that affect survival and distribu-
tion. Mega lopae subsequently metamorphose within the
bay a.nd its tributaries to juvenile stages, most of which are
not seen until late August or ear!y September, after which
juveniles continue their migrat ion to lower salinity reg ions,

Certainly. thc adaptation of blue crab stock to the
water-supply cycle led to the success of the stock in the
Chesapeake Bay. Simi!ar relationships between the various
life history stages and their movements between fresh and
salt water regions are known for all blue crab stocks on the
At! antic and Gulf coasts.

Monthly cumulative streamflow entering the Chesa-
peake Bay, reported from gauging stations in Pennsylvania,
Mary!and, and Virginia, is lowest from July through October
and peaks in March, April, and May  Fig I!  Chesapeake
8 ay Research Counci I, 1973. Fig. I.S; V. S. Geological
Survey. 1991!. Norinal cuinulative low flow froin July
through October provides a high salinity level in the !ower
bay favorable to thc hatching of blue crab eggs and the
growth and survival of zoeae, permitting the transport of
some zoeae to the continental shelf, and possibly the
retetnion of some of those early stages.

Increases in cumulative river flow in mid-fall that peak

the next year from March through May provide a low and
mid-levelsalinity feeding ground in the upper portions of
the estuaries and the Bay, aptly described as nursery areas,
for growth and survival of the blue crab and rnanv other
species  Van Engel and Wojcik, 1957; Cronin et al.,! 970!.
Successes in reproduction, grov th, and distribution ensure
production of a large year class.

siVater Supply CyclelBIUe Crab Life History
Stages

Whether any statistical relationship exists between the
water-supply cycle and the seasonal cvc! c of blue crab life
history stages, i.e., that variations in the inf!ow effect a
response in the blue crab population, for the period I SSO to
!9 '0 may not be a reasonable expecta ion, considering the
absence or scarcity of high quality landings and/or catch
data.

Further, it is assumed that in years of average dis-
charge each river has its printary effect on the aquatic

environment, and therefore, the plant and animal commun>-
ties, nearest the outfall, The geographic extent of effects
wculd vary, since the discharge rates of the Susquehanna,
Potomac and James rivers differ considerably, in a declining
order. In average years. numerous other biotic and abiotic
variables acting individually or in combination, such as
seasona! changes in CDD, SWT, air temperature, rainfall.
di sease and predation, for example, would affect the
communities. The variety of changing variables cou!d
cancel individua! effects and result in mediutn-sized

standing crop.
Extreme env ironmenta! conditions, occurring especially

at critical times in the development of one or more of the life
history stages of the blue crab, could have either positive
or negative effects on stock survival. Yotab!c events such
as the James River high discharges of May and Junc 1930
and !941, and the low discharges of 1940 and 194'2, were
folio~ed by large and small w inter dredge indices of
catchability, already acknowledged by Pearson �948!.
Tropical storms of 1936 and 197'2 were followed by smaller
blue crab harvests, whi! c the droughts of 1980 and 1985
werc followed by large harvests. Consequently, later
discussion considers profound positive or negative effects
of the discharge mtes from the three rivers on each year
class of crabs, or conflicting opinions on which river
discharge has the most effect on a year class.

Caution inust also be observed in the handling ol' river
discharge data: the separation of lows less than or greater
than the means as indicators of favorable or unfavorable

environments for particu!ar life history stages is conve-
nient. In cause and effect re!ationships, extremes in causal
variables are morc likely to be highly correlated with the
extremes in the effect variables, while values selected from a

narrow range around any incan are more likely randomly
associated and the relationship described with sinai!,
nonsignificant coefficients of determination

Four combinations of discharge in sumtner and spring
are recorded  Tab!e 13!. Subjective!y. !ow sutnmer flow
seems a more critical requireinent  han high spring flow for
successful yearclass deve!opment, since hatching and
growth of zocae and megalopae occur in the saltier,
southern cnd of the Bay where waters frotn all the rivers
converge.

On the other hand, since the juveniles are found in the
!nsv salinity portions ol all the rivers and in the Vpper Bay,
degree or quality of environmental support of juveniles
could vary widely between rivers. Extretne deviations from
the long-term mean flow, very small or very large, wou!d
likely have the most profound effects an the chemical and
physical characteristics ot the Bay water and bouom.
Intermediate f!ow would tnoderate variables such as
salinity, dissolved oxygen, nutrient input. and suspended
sedimcin. However, attempts to pair minimum and maximum



discharge rates with catch indices have been unsuccessful
so lar.

While river discharge may be critical to the develop-
ment of a year class, its role cannot be considered the most
important factor in determining yeatclass strength. That
role ignores the mechanisms  not considered until the late
1970s and early 1980s! for transport of tnegalopae from the
continental shelf back to the Bay in the fall  Van Engel «nd
Harris,1979,1980!.

Dams/FloodslChesapeake-Delaware CanaV
Sedirttents

Prior to 1940, structural alterations in the river basins

may have changed the relative contribution of each
tributary to the Bay's water supply cycle. Numerous small
darns on tributaries had been constructed in Virginia.

Maryland, and Pennsylvania for water supply, recreation.
tnills, or hydroelectric power, and most dams and their
reservoirs were able to completely regulate flow  Tice,
1968!. Because diversion of water for consumption either
within or outside a basin was minimal, none of the dams is
expected to have had an appreciable effect on total dis-
charge or salinity of the Bay, although diversions to other
rivers would have altered individual river output.

Structural changes were made from 1910 through 1938
on the Susquehanna River near its mouth, and on the
Chesapeake and Delaware Canal in the northeast corner of
Chesapeake Bay, a short distance from the mouth of the
Susquehanna. Whether those changes would have
affected the physical and chemical environment of the
Upper Bay, creating a more or less favorable environment
for development of juvenile crab stages is speculative,
since environmental data from that part of the Upper Bay is
sparse or unknov n for periods before or soon after.

Three dams were constructed on the Susquehanna as
hydroelectric plant sites: the Holtwood dam in operation in
1910, 40 km above the river mouth; the Conowingo, begun
in March 1926 and placed in operation in March 1928, 16 km
above the mouth; and the Safe Harbor dam in operation in
1932, 51 km above the mouth. Those plants were best
described as 'run-of-river" or "peaking power plants," v'ith
no appre<:iable water storage and an output depending on
river flow conditions. They normally discharged from 0800
to 1800 hrs during the week, but discharged none on
Saturday or Sunday  Pers. Comm., Richard St. Pien e, U. S
Fish. WiMI. Serv.. Susquehanna River Coordinator!.

Significant amounts of coarse gravel and sand must
have been transported in all the tributaries of the Bay and
suspended sediments deposited in the tributary estuaries
and in the Bay in the last 150 years. Sediment transport
from rivers was undoubtedly larger before dains were
constructed, and the largest amounts were carried during
floods, when river output and the concentration of sedi-

ment were highest. Coarse scdiinent and siime ot the

suspended sediment were trapped behind each dam when it
was completed. while most ot the suspended l.iys and silts
were transported seaward and accuinulate in the upper
portion of the tribvtary estuaries, close to the inner salt limit
during high rivet inflow. Yet little in k novvn about sedi-
ments deposited in most of the tloods whose magnitudes
and frequencies have been recorded t,Speer and Gamble,
196t; Tice, l968!.

While sediment transport and it deposition may have
transformed the bay bottom, substantially in some cases. it
is not know n whether habnat modification. turbidity
increases, and the introduction of contamtnants v ere
enough in either normal or flood discharges in '.he past to
affect any biological cominunities. Concerns about the
potential or real effects on communities were not addressed
until the early 1960's, among them several studies on
channel dredging and spoil disposal, which v, ill be re-
viewed in a later section.

The largest sediment discharge to the Chesapeake Bay
cotnes from thc Susquehanna. Most of that river's sus-
pended clay and silt accumulates in the upper '0-30 km of
the bay during average discharge  Chesapeake Bay
Research Council, 1973; Schubel and Hirschberg, 1978!.

At least five episodic floods of the Susquehanna River
have occurred in the last 150 years  Tice, 1966!. Sediment
discharges f'rom two of them, March 17-19, 1936, and
Trop ical Storm Agnes, June 19-23, 1972, v cre estimated to
be accountable for about one-half the sediment deposited
in the upper Bay since 1900  Schuhel and Hirschberg, 19781.
They found tha.t the sediment accumulation frotn the 1936
flood was 30 cm, twice that from Trop! cal Storm Agnes, and
estimated that the 1936 flood v'as the lar er, based on the
accumulation of flood waters extending over several days.
Interestingly, sediment plumes 60 to 120 km from the mouth
of the Susquehanna were recorded in the first week.
following Agnes and 80 km south during July  Chesapeake
Bay Research Council, 1973k

Numerous Susquehanna River floods occurred
between 1786 and 1900 Tice, 19681. three ot ivhich were
considered by Schubel and Hirschberg �978! to have
probably transported more sediment to the upper Chesa-
peake Bay than later floods, since the first of the lower river
dams, the Holtwood. was not in operation umil 1910,

Two othci floods, one in March 190 and ~nother in
March 1904, were not mentioried bv Sc hube I and
Hirschberg �978 k and may have transported large amounts
of sediments to the Upper Chesapeake Ba> Discharges in
Match 1902 were the eighth largest from the Susquehanna
River and the sixth largest 'from the Potoma Rii er from
1786-1945  Tice. 1968!.

A hitherto unmentioned Susqueh nna River tlood
recorded on March 8, 190t at McCal] Ferry. Pennsylvania,

17



was either !arger than or the second largest of all that
occurred before 1900  Tice. 1968!. The drainage area
servicing McCal!Ferry was larger than that of other
reporting gaging stations on the river Strangely. few
stations in the Susquehanna, Delaware or Passaic river
basins recorded any discharge on March 8-9, 1904  two
reported ice Jarns! but one in the Susquehanna River Basin
at Wilkes-Barre, Pennsylvania, reported a cubic feet per
second  cfs! discharge about 90'yo that of the flood of 18
March 1936, suggesting a significant flood  Tice. 1968!.
That flood could have vansported large amounts of
sediment to the Chesapeake Bay in 1904.

River discharges reported August 23-25, 1933, in the
Susquehanna and Delaware river basins were relatively
small  Tice, 1968!, surprisingly so consideriiig that the
storm did so much physical damage in Chesapeake Bay.

Earlier comments about the frequency of synchroniza-
tion of monthly river outflow from the Susquehanna,
Potomac and James rivers. and of the seasonal !ow and

high discharges, do not apply to the frequency with which
episodic floods occuned. Hoods listed by Speer and
Gamb!e �964! and Tice �968! for the 150 year period 1786-
! 945 occurred with different magnitudes and frequencies in
the Susquehanna, Potomac, Rappahannock, and James
drainage basins, not too surprising since the four drainage
basins are usually affected by different weather patterns,
Particu!ar! y striking is the change from the greater fre-
quency of floods from March to May in the northern
basins, to morc floods in sourhcrn than northern basins in
late summer and fall. Floods occurred in one or more of the
basins in every month except July. One March �936! flood
was reported simultaneously over a few days in the
Susquehanna, Potomac, and James basins, one other in
March  ! 902! in the Susquehanna and Potomac basins,
once in Apri! arrl June and in October �889! in the
Potomac, Rapp bannock, and James basins. and one in
hlay  ! 924! in the Potomac and 1'ames basins,

Twenty-five Susquehanna River  Iiarrisburg station!
floods exceeded 300,000 cfs, range 300,000 to !.130,000 cfs.
bet ween 1786 and ! 945. All those flood s occurred between
October and June. Seventeen recorded from March through
May. with 13 in March. Discharges from the Potomac River
 Point of Rocks station!, which has about one-half the
drainage basin area of the Susquehanna, were significantly
smaller and less frequent: only six 0 ~ds occurred, range
about 220,000-485,000 c fs, four occurring from March
through May, one in June arid one in October. Fmm the
Rappahannock River  Fredericksburg station!, with about 6

of ihe drainage basis area of the Susquehanna, there
w ere on!y three sigruficant f!oods, range 134,000-140.000
cfs, occurring in April, June. and October. Interestingly,
there v ere few reports from arty basin of flooding in
August 1933, Fourteen floods were reported from the
J arne s River {  aners v i I le station!, range 103,000-180000 cfs,

five from March through May, and nine from August
i.hrough Dece rnber.

Characreristics of sites in the Chesapeake Bay and its
tributary estuaries where life history stages of the blue crab
have been found, have been described only in general
terms of salinity, temperature, and the occurrence of
submerged aquatic vegetation  SAY!. Waterrnen's know 1-
edge of preferred blue crab habitats is the basis of their
crab fishing success.

Similarities and differences in river input sources and
types of sediments and zones of deposition, and sources
and containment of contaminants have been described for
the Bay and its estuaries  Schubel and Carter, 1976; Nichols
ct al., 199!a; h ichols et al., 199!b!. Such studies could
provide part of the basis for defining blue crab habitats.

Channel dredging and spoil disposal in the Chesa-
peake Bay and irs estuaries offer an opportunity to study
the composition of bottom deposits, its contarninants and
the benthos, the spread of the redeposition of spoil, spread
of plumes of suspended sediment, turbidity. loss and
recovery of biological communities in the dredged channel,
and the spoil disposal site and adjacent areas. Studies
have varied in the choice of dredge equipment, the site and
season for the operation, and whether the chemica! and
physical conditions and biological community composition
were surveyed pre- and post-dredging, and at a later time to
determine the extent of change in the communities.

Succinctly stated, while much has been learned about
the distribution and composition of  he bottom sediments
in the Chesapeake Bay, the principal objective of dredging
and spoil disposal surveys in the Chesapeake Bay has been
tu determine their impact on the biological communities,
particu!arly those organisms that would be involved in
sustaining seafood species of commercial and recreational
importance  Cronin et a!., 1970; Nic ho! s et al., 1990; Viry'nia
Institute of Marine Science, 1967!. Can the results of those
surveys be extended to perceivable or predictable effects
by transported sediments or scouring resulting from floods,
excessive wave action or tides'?

The Chesapeake and Delaware Canal has specia!
interest for two reasons: �! concerns in the tate 1950's
about the effects of additional enlargement through
channel dredging and spoil disposal which. prompted
studies on the chemical and physical environment and
biological communities; �! . nnection bet weert the upper
Chesapeake Bay and Delaware Bay which provided
potential exchange of juvenile blue crabs.

The four-lock Chesapeake and Delaware Canal
completed in 1829 was converted to a sea-level, unob-
svucted waterway in 1927 by removing the locks and
deepening and widening the channe! to 14 feet and 150 feet
 Cronin et al., 1976!, The Canal is an extension of th»E!k
River. a bay tributary in the northeast corner at the head of
Che::peake Bay, and to the east enters the De law are River



at Reedy Point. Addi ionai widening and deepening, of the
canal to 27 feet and 250 feet was completed in 1938.

The higher elevation of the western end ensured a net
eastward transport of water, which characteristically
occurred over an exrended period, but was subject ro short-
term changes in direction and volume of flow by different
meteorological conditions. Changes in the mean channel
salinity in rhe Delaware River off the eastern end of the
canal, measured at approximately quarterly intervals
between November 1951 and August 1954, ranged from 0 tc
8 ppr, hiehest from August through November, and lowest
in February and May  Cronin, 1954!,

Initiation of additional enlargement of the Canal and its
approaches from Upper Chesapeake Bay in 1958, to 35 feet
in depth and 450 feet in width, prompted concerns over the
effects of dredging, and spoil disposal on the chemical and
physical environment and possible effects on the distribu-
tion and abundance of biological communities.

Preliminary to modiflcations to the Canal, channel
dredging and spoil disposal in a 20-mile portion of the
Upper Chesapeake Bay, the approach to the Elk River and
the Canal was initiated in late fall of 1965, a second dredge
and disposal was carried out from 7 October 1966 to I I
November 1966, and a third set after 17 October 1967 to
about 5 Deceinber 1967. Chemical, physical, and biological
surveys were addressed from November 1965 through
November 1968  Cronin etal., 1970!.

No gross effects on phytoplankton, zooplankton, fish
eggs, larvae, or fish were observed, although some could
nor be evaluated, possibly because of movement of' some
of the organisms from the study site. In that study, the
benthic biomass at the disposal site and in the channel
decreased immediately and extensively, but less so in the
area between the two sites. Recovery of biomass occurred
months and up to two years later,

In 1970, when only about 80 % of the Canal enlarge-
ment had been completed, and when further concerns were
expressed about the effects the modifications might have
on the chemical, physical, and biological conditions in the
Canal and in the Upper Chesapeake Bay, the U. S. Corps of
Engineers proposed and implemented a series of studies.
Pertinent hydrographic and biological studies that were
contracted to other institutions were summarized by Cronin
et al. �976!.

Hydrographic studies betv een 1969 and I974 demon-
strated changes in volume of flow in either direction and
increases in salinity at the head of the Chesapeake Bay.
Diversion of water through the canal was expected to aher
salinity at the western end of the canal more during low
discharge from the Susquehanna than during high river
discharge, but the mean salinity diff'erence would be about
2 ppt  Cronin et al., 1976!.

The composition and seasonal abundance of the
benthos, blue crabs. fish, and fish eggs and I ar v ae were

determined by various bottom grabs. dred 'es, and trawl
nets, and each were reported separately. as rererenced by
Cronin et al.   I976!, and not summarized hei e. Studies of
the effects of dredging and spoil disposal on benthos were
dismissed as probably being or re!at»ely shi rr duration, as
indii;ated by previous studies. Although suspended
sediment load was expected ro increase as a result ot' a '2.5
fold increase in non-tidal flow east w ard, de trimenta1 effects

on eegs and larvae of striped bass and vs hite perch were
considered unlikely.

Submerged Aquatic Vegetation/Fungus
Infestation

Submerged aquatic vegetarian  SAY! in the shallow
waters of the Chesapeake Bay has been descrrbed as a
nutrient source, a natural habitat for a dense ar.d diverse

faunal population, and a mechanism for stabiliz:ng sedi-
ments and reducing shore erosion. Different species of
vegetation occupy the range of salini ties found in the Bay
from fresh v,ater to marine sites, and cha~ges in species
composition and abundance have been reported since the
early 1930s  Kempet al, 1983; Orth and Moore, 1984!.

Several explanations t'or those changes have been
offered, principally those that inhibit photosynthesis
because of light reduction. and to a very muc? lesser extent
herbicides and browsing  Kemp et al.. 1983; van Montfrans
et al., 1982!. Two factors have been demonstrated to inh ibi t

photosynthesis. nutrient loading from river discharges and
land runoff, which promotes phytoplanktonic and epiphytic
growth, and to a lesser extent, turbidity caused by sus-
pended sediments. derived from river discharge, shore
erosion, and non-tidal v;aves causing deposition and
resuspension  Kemp et al., 1983!. The primary ~nterest here
is whether SAV changes could be associated with varia-
tions in abundance of thc blue crab as measured by
variations in catch and!or landings.

A previously unknown parasitic fungus cn blue crab
eggs was first observed in the Chesapeake Bay in 1941
 Sandoz et ai., 1944!, and was described and named
Lagenidirutr caliinectes by Couch �942k Sandoz and
Rogers �944! found a 90~e hatch of uninfected eggs in a
laboratory hatching study, and esrimated a h;gh hatching
rate after observing large numbers of err.ptv egg cases on
sponges obtained from the southern end of!he Bay.

In an intensive study, Rogers-Talbe~ �9481 described
the range in percent intestation among sponges of different
color, i.e., stage of embryonic development. the density of
infestation on individual sponges, the sa! inity tolerance of
the fungus, and the percentage of infestation in the
Hampton Roads-Lvnnhaven area each v, eek between early
May and late Aueusr 1944. Infestation was found predcrni-
nantly among sponge crabs from the open areai and inlets
of the southern cnd of the Bav. and rare ir; southern
tributaries. Although embryos in all sra< es «f develcpment



were infested, most often only  he 3-rnrn outside layer was
infested, consisting of about 25 % of alt eggs, while deeper
lying eegs were only occasionally infested. A higher
degree of infestation was found in only about 25 % of the
sponges, which led the author to state that it seemed
unlikely that the fungus could be "regarded as a factor in
the fluctuations of crab populations."

Landings and Gear Data

The effects of man's fishing on  he blue crab stock of
the Chesapeake Bay have never been fully explored. Major
obstacles have been the failure to license or report the
number of watermen and/or units of gear, the absence or
inadequacy of measures of fishing mortality rate for the
diverse types of gear, and the uncertainty of the quality of
landings data, all of which are characteristic of any complex
fishery.

Equality of fishing efficiency could only be addressed
if information was available for each gear type, such as
number of units of gear and hours of fishing. Assessment
of the industry was infrequent before 1929 either because
the need went unrecognized, or because state and federal
agencies were unwilling or fiscally unable to address it.
Coinrnents on the supply of crabs have frequently appeared
in the states' commission reports, but they must not be
taken too literally since some appear to be subjective
comparisons of current conditions with those only one or
two years earlier, or verbatim of reports printed the previous
one or two years. They are of value when indicative of
trends in the catch and landings over periods when no
comprehensive canvasses of the fisheries were made.

Observations on  he numbers of "small" crabs that

could be the source ol the subsequent crop were occasion-
ally cited. One would expect  hat when federal landings,
commission reports on the fisheries, and independent
surveys of catch were available. there would be close
agreement on the relative size of the stock. This has not

been the case, primarily because of the separate, uncoordi-
nated means by which the data were obtained, and because
of the persistent, uninformed effort to obtain data on a
calendar year basis rather than by year class in a Biological
Year.

From 1929 to 1977  except 1943!, federal agencies
annually published the number of watermen engaged m the
crabbing indusrry, the numher of each gear type, boats and
vessels used, and landings from each gear type. More
recent data are available from the iVationa! Marine Fisheries

Service  NMFS! on request. Monthly landings for Virginia
and Marv land were published as Current Fisheries Statis-
tics {CFS! from 1960-79 by the U. S. Fish and Wildlife
Service and fv'MFS in cooperation with state agencies  U. S.
Fish and Wild! ife Service, 1960-70; XMAS, 1970-791. The
Virginia Marine Resources Commission  VMRC! has been
publishing monthly landings as Commercial Fisheries

Statistics  CFS! since January 1978  Virginia Marine
Resources Commission, 1978-1992, but none more current!
Maryland landings since 1979 are available from the state
on request, Statistical estimates of the success of each
year class have been made possible here by rearranging
monthly data into Biological Year data.

Most landings and effort data for 1880-1940 have been
inadequate as estimates of fishing success, which became
evident when summaries and analyses of landings and
etfort were compiled  Van Engel, 1950; Van Engel and
Hams, 1983; Van Engel and Wojcik. 1965a, 1965b!, More
useful measures. such «s daily or weekly catch by winter
dredges. trotf tnes, scrapes, and di pnets, had been collected
by independent investigators in special studies  Van Engel.
1951, and later unpublished data; Applegate, 1983!.

The frequently overlooked reports of Churchill [1917],
Sette and Fiedler �925!, Pearson �942, 1945, 1948!, and
Crontn �944, 1982! presented catch data by various gears
from 1906 through 1945. Catch data from 1!ecernbcr 1906
through March 1946, deri ved from different gears, are
shown as originally reported in either pounds  or barrels!,
numbers daily or per week, or as indices ofcatchability
when the latter were provided by the authors  Table ga!.
All catch data were then converted to indices to cotnpare
their relative success by year class  Table 8b!.

Since the construction, location of set, and season of
use were strikingly different for each gear type � scrapetdip
net, trotline, and dredge � it is assumed they had different
catch efficiencies. The catch from each model of gear type
formed the bases for comparison with catches from the
same gear type in different time periods and for the calcula-
tion of indices.

Catch data and indices of catchability are listed for
periods 1906-07 through 1945-46  Tables 8a-b!, and sepa-
rately for the three fisheries; soft crabs and peelers taken by
scrapes and di pnets  ScD, cols. 1-3, 18-19!, hard crabs by
trotlines  Tr, cols. 4-9, 12, 15a-d!, and hard crabs by winter
dredges  Dr, cols. 10-11, 13, 16-17!.

Assignment of data to each time period varies with
each of the fisheries. and therefore, must be viewed
cautiously. lt should be apparent that catch compiled on a
calendar year basis consists of two year classes: a spring
and early summer catch derived from an older year class,
and a late summer/fall/winter and subsequent spring catch
to a one-year younger year c! ass, Complete separation of
the two age groups during field monitoring surveys would
be nearly impossible because growth data reveal large
differences in size between individuals of the same age
during the second spring and summer of life. There are two
choices: either ignore age differences, ar arbitrarily divide
the data set by months based on general knowledge ot the
fishery.

White differences between spring and summer catch
and indices are evident in the brief Virginia scrape series
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 Sc VA! listed for 1942-43 to 1945-46, they are incorrectly
shown in Tables 8a-b, cols, 18-19. because of the physical
problem of presentation. The indices listed in col, 18
represent May catches and should be attributed to the year
classes 1940-43, not to 1941-44, while the indices in col, 19,
which represent the June through September data, are
proper! y referred to year classes 1941-44,

Recalculation of the mean indices for those five

periods shows changes in decreases from 0 to 24%, and
one 18% increase from the mean index shown in Table gb.
However, the magnitudes of those indices are too small to
justify manipulating the table to show two different year
classes as sources of the catch and indices,

Scrapejdipnet  ScD! data for the first period tabulated,
1919-20, were collected from April or May through Septctn-
ber and consist of the 1917 and predominantly 1918 year
classes. Approximate calendar year trod inc  Tr Yr! records
from May through October in Maryland. and for April
through November in Virgin ia, are comprised of the same
year classes, 1917 and 1918, as the ScD group.

Fal  trotlin« TrFl! data cover the last six weeks of the
1919 fishing season in lvIaryl and and the last 13 weeks in
Virginia, consisting almost wholly of the 1918 year class.
FalUspring  TrFS! data cover fall 1919 plus the first nine
weeks in spring 1920 in Maryland, as well as 14 weeks in
Virginia, consisting almost wholly of the 1918 year class.
Dredge data  Dr! represent the catch from December 1, 1919
through March 31, 1920, and almost wholly consist of the
1918 year class.

Catch and indices of catchability  Tables ga-b! were
derived by several tnethods, depending on the source and
composition of the data. As one example, Pearson's �948!
dredge indices  Table ga, col. 14! were comparisons
between the 14-year mean daily catch for each week of the
year of record, obtained from all the vessels for which daily
catches were available, and the mean daily catch of two
vessels that dredged for the 14 years. The latter was
designated as a "norm of seasonal availability"
 mislabeled � should be "catchability,"! and the ratio was
adjusted by total days of fishing  Pearson. 1948, his Tables
10-11!.

Understandably, no single year co~ld be designated as
a Base Year. For those gears, when only indices and no
original data were reported, columns are headed Index, and
the Base Year was assi;icd by the author  Pearson, 1948;
Van Engel, 1951; Tables 8a-b, cols. 3, 14, 16-19!.

Application of that method to various combinations
of 14-year or 20-year norms of catchability of two vessels or
all vessels, and the 14- or 20-year catch of all vessels frotn
1931-32 to 1944-t5 or from 1931-32 to 1950-51, produced
indices of catchability strikingly similar and sometimes
almost identical to those found by Pearson. One set, using
the 20-year norzn and the 20-year catch for all boats  Van
Engel, 1951! is shown in Tables 8a-b. col. 16.

The difficulty in computing the index in that manner
becotnes apparent if indices are computed as each new
year's data become available, for it is then necessary to
recalculate the "norm" and the index for each earlier year.
Secondly, when thc study covers a lengthy period, it inay
be impossible to find a group of vessels whose composi-
tion was unchanged to comprise the basis of the "norm,"

Since each index is simply the ratio of the mean catch
of one year to a norm. it is a relative index of catchabi lity
that can be compared with the indices of al92 other years.
Therefore, selecting the mean daily catch of any year as the
norm wouldresult in a set ofindices. Consequently, the
catch of three boats operating in the winter of l931-32 was
chosen as the norm for a new set of computations using
Pearson's method of analysis  Tables ga-b, col. 17!, but by
necessity designating 1931-32 as the Base Year with a value
of 1.00. It is apparent that the ratios of each year to a norm
remain the same, but the magnitude differs by one-half
when the catch of three boats operating in 1931-32 is used
as a norm  Table 8 b, cols. 16-17!.

Simi lar calculations were made for Vit inia spring
 May! and summer  June through September! soft crab
scrape catches for the period 1941-1953  only 1941-1945
shown in Tables ga-b, cols. 18-19!, using year c! ass 1953,
catch in 1953-54, as the Base Year with a value of 0.768.

Pearson used another method of analysis for immature
crabs  soft and peeler crabs! {1948, his Tables 5, 7!. Instead
of using the records of one or more sets of wateimen to
establish a single "norm of seasonal availability
 catchability!," the ratios of the average dai! y catch by 2-
week periods in each pair of successive years from 1936-44
were calculated, using logarithms for convenience. He then
converted ratios to indices by comparing them to an
arbitrarily chosen Base Year value of 1,00  Tables 8a-b,
cok 3!.

A~other method of computation was used when only
annual or seasonal means of catch per day or per week was
reported Churchilk [1917]; Sette and Fiedle;, 19~>; Pearson,
1945, 1948; Cronin, 1944; Maryland Dept. Res. Educ., 1955!.
Means of successive years v ere used to calculate a series
of ratios that were then related to a Base Year to obtain an

index of relative catchability  co! s. 1, 2, 4-13, 15!, The value
of the base year, 1.00, does not imply that all gem have the
same efficiency.

Churchill {[1917!, 191'. ~l referred to records of the daily
catch of each crabber kept by a Hampton, Virginia firm from
1 &78, from which he extracted the mean daily catch for each
week: he reported only the means for 1907 thro ~gh 1917.
Churchill 's graph for 19 17 �919b, his Fig. 1! show s a rnuch-
reducedcatch from July through early September, which he
first attributed to a cessation of operations by the dealer as
a result of th.e sponge crab ban imposed in 1916.

However, an even smaller catch from mid-August
through September 1910 was reported by Churchill �919b,
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his Fig.. 2! and by Sette and Fiedler  !925, their Fig, 8!. ln
the graph for 1910 presented by Chur chi! ! �919b! and by
Set te and Fiedler �925!, some weeks in August and
September are noticeably missing and unexplained,
suggesting that data were either not obtained from dealers,
or were purposely omitted by Churchill. Unfortunately, the
original catch data are not available for study.

A long-lasting summer decline in the Virginia trot! ine
catch, from mid-June through September for some years
from 1919-1925, is evident from data presented by Sene and
Fied!er �925, their Table 5. Fig. 6!. and a shorter season in
Maryland, from early Ju I y through mid-September  their
Table 4 and Fig. 5!. Those authors finally concluded there
was a normal seasonal decline in every year. How much, if
any, of a decline in summer catch was due to the sponge
crab ban cannot be determined 1'rom existing published
data,

Churchi! I �9! 9b! explained that the summer decline in
catch could have been caused by one of two reasons: �!
most of the crabs had been caught previously; or �! !arge
numbers of adult females died after spawning. Among
adult fema!es taken from the winter dredge catch between
December 24, 1924 and March 26, 1925 among equal
numbers examined at one to two week intervals, all had
sperm in the seminal receptacles and "immature eggs," i.e,
ova, in the ovaries  Sette and Fiedler, 1925!.

The presence of empty egg cases on the swimmeretes
of 32.6 % of the females should not be considered an
estimate of the total that had spawned the previous
summer, since empty egg cases disintegrate over winter.
The number with empty egg cases reported by Set e and
Fiedier seems excessively hi gh, based on more recent
studies wii.h larger sample numbers.

Over many years, I have frequently examined females
caught in the v inter dredge fishery. These examinations
indicated that only an average of 5% of the fema! es had
spawned previously  between January 1953 and March
1955, only 2.6% of adu! t fema! es had spawned each of the
previous summers, Van Engel, unpubl. data!. Large, red
nemertean worms. Ctirci nonemerr'es carcinophila, on adult
fernale blue. crab gills are better indicators of spawning
history  Van Engel and Ladd, 1954!.

O her explanations for the summer slump in catch are
equally defensible. Feinales may inove to inaccessible
areas thar are not fished by trot!.ines as intensively in
summer as they are in spring and l'a	. As well. trot!ines
fished in summer are set only a few hours a day, primarily in
the morning and late afterno<m, since crabs drop off the
lines at midday to avoid direct, overhead sunlight. Reduc-
tion in trot!inc catch would also be expected any time. some
adult females move to deeper waters of rhe Bay and others
move to the ocean and either die or return to the J3ay as
"sea-run" crabs the fo!!ow ing spring  Van Engel. ! 958!.

Reductions in late summer and fall catch have not,
however, occurred in recent years, despite the existence of
a summer sanctuary in the southern end of the Bay. Most
crabs hatched the previous year mature between late July
and early October, and the Virginia crab pot catch has been
highest in July and August. Pots were invented in rhe late
1920s, but were not introduced until the late 1930s, Not
extensively used until the ear!y 1940s. they are fished 24
hours a day and are most effective between sunset and
sunrise  Van Engel. 1962!. The extraordinary effectiveness
of crab pots, when added to the catch by trot!ines. presents
an altogether different picture of the catchability of crabs
throughout the year, as demonstrated in Fig. 2, showing the
monthly percentage of annual ! and ings from l960-87.

Almost 50% of landings in Maryland have occurred in
July and August, and 25% in Virginia. A significant
difference in the seasonal hard crab c:itch distributions in

Mary!and and Virginia reported by Churchill [1917], Sette
and Fiedler  ! 925!, Cronin ! 982!, and those of 1960-1987,
invites speculation for cause. Either the seasonal differ-
ences in catch and !andings occurring by state and gear
between 1919 and 1987 demonstrate increased fishing
intensity that accompanying gear changes needed to
satisfy market demands. or there has been a significant
change in thc seasonal cycle of abundance as a response
to environmental changes, or both.

The mean weekly bi-state trotline catch from 1919-25
 Tab!es ga-b, col, 5! when reported by Sette and Fi edler
�925, their Tab!e 1! probably did not exclude July and
August. for the mean catch for each year is almost identical
to the sums of the weeks shown in their Tables 4-5, in
which July and August's catches are given. Since the bi-
state catch actually consisted of two year classes, an early
spring older year class and a fall younger one, assignment
of an index of catchability to the bi-state catch is inaccu-
rate.

Catch and indices of the Maryland and Virginia fail
trot!inc catch for 1919-24  Tab! es 8a-b, cols. 7a-b! were
computed from data !is ed in Se! te and Fiedler 's Tables 4-5,
covering six weeks in Vary! and and 13 weeks in Virginia.
The fa!Vspring catch and indices  co!s. 8,9! are weighted
means estimated from two successive calendar years from
Set te and Fiedler's Tables 4-5. The fall carches are summa-

rized as stated above, and the to!lowing spri~g catches are
summai iaecl over nine weeks in May in Maryland and 14
weeks in Virginia. The fall and fall/spring trot!inc catches
wouldnaturally exclude rhe summer inonths July and
August.

Virginia's December through March dredge boat
catches  co!. 10!, reported by Churchill  [! 917!, 1919b! and
restated by Sette and Fiedler �925! for the year ending,
have been rearranged in Tables ga-b for year beginning, so
that the year class of origin can be shown. The winter
catch should be derived almost wholly 195%! from the same
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year classes in ari annual inde~ and only one year class in a
seasonal index. Fortunately, from a graph of Tilghman
Island's trot!inc catch per unit ei'fort, purporredly from rhe
Maryland Department of Research and Education �955!, I
was able to calculate indices of relative abundance in rhc
same nranner as indices were calculated fr«m Pearson's

graph �945!, demonstrating sirni! ar trends m the catch
 Tab!es 8a-b, cols. 6, 12!.

Pearson �948! described another set of data, an index
of catchabi! ity ot adult females, or "spawners," obtained by
tro !ine in the southern end of the Virginia p carrion of the
bay from June I to September 
 of !942-1945. w hich is nor
shown in Tables 8a-b for lack of space

Associating the rnagnirudc of the catch with the
progeny of a particular spawning stock to the effects of
either adverse or favorable environmenta! conditions, the
effects of changes in fishing effort due to lav's and regula-
tions on gear, and seasonal or size liini tations, cannot be
inade without a thorough understanding of the life cycle of
the blue crab as it occurs in the Chesapeake Bay region.

To briefly review: zoeae hatch in the high salinity
waters of the southern end oF the Bay with peaks in July
and August, and some or many are transported on ebb
tides to the adjacent continental shelf waters. Development
to the mega!opal stage occurs in the Hay or the adjacent
continental shell waters through !ate summer and ear! y fall,
and the inegaiopae are transported from the shelf back to
the Bay in fall. Megalopae subsequently metamorphose
within the Bay and irs tributaries to juvenile stages, and
continue their migration into lower salinity regions of the
tributaries of the southern and northern ends of the Bay.

In the year of the hatch, a max imum width of 60 mm

 approximate!y 2.3 in! is attained by Juveniles by late
Ocrober, too small a size and too late in the year to enter the
pee!er fishery. Growth resumes the next spring in late April
or early May, and legal-size peelers  > 75 mm! enter the
peeler fishery by mid-May or mid-June.

The intensive peeler fishery that begins each year in
late April or by mid-lvlay focuses on the largest peelers,
which are the progeny of an older year c!ass thar hatched
two years earlier; in !arer months it concentrates on the
juveniles of the younger year class. The peeler catch
substantially decreases in late August or early Sepremher
after the major potion of the younger year c!ass marures,
and the fishery u= ially ceases by mid-October.

The catch of soft and peeler crabs after mid-summer.
i.e., betv'eeri June and September, in the year al'rer hatch
should ref!ect the strength of the youngesr year class, and
could be used as a predictor of the srrength of the hard
crab trot!inc and winter dredge fisheries that will occur irom
the. succeeding fall through spring.

Unfortunate!y, state aniJ federal surveys of the sof:
and peeler fisheries continue ro be ill-devised. and rossly

year class as the scrape/drpner. fall tro line, and falLrspring
trot! ine catches.

Winter dredge boat data for 1907-11 and 1914-17 were
extracted by Churchill  [1917], 1919b! from records of the
Hampton, Virginia firm thar provided the trot!inc data, and
probably covered the 17 weeks from December I through
March 31. Although the open season for dredging
extended from November 1 through April 30 in inost of the
early years. normally boars did not dredge before December
I, or after March 31.

Sette and Fiedler  !925! also reported the dredge catch
for winters of 1916-17 through 1924-25  col, 11!. Indices for
later years, l925-26 through 1945-46  cols. 14, 16!, were
those calculated by Pearson �948! and Van Engel �95 I!.

Maryland's fal! trot!inc data from 1925-26 through 1944-
45 were originally shown by Pearson �945, his Fig. 2! as
percent deviations from a long-term mean of daily catch,
290 pounds, by Tilghman Island watermen. Data were
translated into catch, and indices were ca!culated from a
series of ratios  co!. 6! as described above. Pearson's

description of the catch from Maryland did not designate
the months when catch was made; however, a reasonable
estimate would place the period over seven weeks, from
September through October.

An extensive and intensive study of trot!inc catches at
several sites in Mary land by Cronin �944, 1949, 1982! was
derived from ci abbing house records. Graphs of average
daily trotline catch by Tiighman Island watermen, 1925-48
 Cronin, 1949!, 1925-54  Maryland Depn Rm, Educ., 1955!,
and 1925-59  Cronin, 1982! show both seasonal and annual
changes in the average daily catch.

Since Pearson's �945! and Cronin's �949! graphs were
derived from Tilghrnan Islandrecords, it would not be
surprising if trends in catch from 1925-44 from both sources
were siini lar, even though Pearson's figure presented the
annual fall catch data, while Cronin's data represented the
calendar year catch,

Although average catch per day or week and effort
data from 1925-44 were not reported by Cronin �949!, the
average dai!y catch per week from 1936-43 for Tilghman
Island and St. Michael's, Maryland were listed separately,
but without effort days. Data for the two sites cotnbined,
including effort davs, were found in a manuscript of
Cronin's �944!.

For reasons unexplained, average daily catch per week
for 1936-43 estimated by Cronin �944! differed from
estimates of the catch that I obtained from any of Cronin's
1949 graphs. However, trends of the indices of abundance
calculated for the calendar year using the fa!! and fall/spring
data of 1936-43, and the catch/effort data from Tilghman
and St. Michael's, are remarkably similar to those seen in
the indices obtained from Pearson's 1945 and Cronin's 1944
data  Tab!e gb, cols 6, 15c-d!.

Differences between annual and seasonal indices  co!s
6, 15a-b, 1 ! are ascribed primarily to representation of two

23



underestimate catch and l~ndings. S ill uncounted are  he
crabs held for shedding. whether green crabs nr peelers,
that die before  hey molt. These percentages range from 30
to 90% of the catch  Van Engel, pers. obs.!.

The persistent canvass and reporting of hard crab
fisheries on a calendar year basis fails to recognize that the
catch/landings are a mixture of at least tv o year classes and
cannot be used to estimate the strength of individual year
classes. The introduction of federal monthly reports in
1960 provided the means of separating landings with a
reasonable degree of accuracy into separate year classes.

Growth to adult s ages occurs in lower salinity regions
of the tributaries and in the Upper Bay A large portion of
the hatch attains adult size and sexual maturity in about
14 months, in late August or in September of the year
following the hatch, becoming a major por ion of the hard
crab fisheries in the fall, winter, and spring. They contrib-
ute  o the spawning stock from May through August of the
third summer, and remain a very small part, probably less
than 5%, of the succeeding fall, winter, and spring hard crab
catch  Fig. 3!.

It is unknown whether any survivors would become
early suinmer spawners in the fourth year, but their number
must be minuscule. Large, red nemerteans encapsulated
between the gill plates of about 5% of the ad sit females in
the winter and spring indicate a previous spawning history.
ln contrast, small, almost colorless nemerteans are evidence
that the female had not extruded eggs, and represent a
younger age group  year class! Juvenile nemerteans
migrate from the gill plates to an extruded sponge, where
they feed on the eggs, mature, mate, lay their own eggs that
produce infective larvae, and as adult worms migrate to the
gill i:hamber where they encapsulate. The timings of
migration of nemerteans from the gills to the sponge and
return cannot be coincidence, and probably have either a
water-borne or blood borne hormone as a clue.

A modified cycle of growth is followed by that portion
of the year class derived from a late summer hatch, whose
magnitude probably varies every year with changing
environmental condi ions. Mean width of juveniles derived
from the late hatch ranges from 10-30 mm by late October in
the year of the hatch; legal size  > 75 mm for commercial
use! is not attained until July or later the second summer,
and many do no  mature until the spring of the third year at
an age of 21;ir more months

When they enter the hard crab fisheries and spawn in
late summer of the third year, they would srill be members of
the year class that matured  he previous fall, but would
possibly be indistinguishable from those one year younger.
Estimates of the potential strength of the spawning stock
should be made la e enough in the spring or early s~mmer
to include the fate-maturing females.

When trawl nets were deployed in the York River
monthly from mid-September throughmid-November from

1955 through 1982  the last year the data were reviewed!,
40-80% of the catch in September consisted of IS-35 mm
wide young-of-the-year. Changes in the bag mesh over
time appeared to have no effect on the size range or
percentage frequency of sizes of crabs caught: 3/4 inch
mesh was used from 1955-60, I-'/i inches from 1961-63, and
I-t/i inches from 1964-72. A A inch liner was added in 1973,

Young-of-the-year were not caught until mid-October in the
following 11 years: 1956. 1958-1964, 1971, 1974and 1979.

Growth studies of zoeae and megalopae approximate
the rates of development necessary to explain the late
summer to mid-fa.ll appearance in the year of the hatch of
10-15 mrn wide juveniles in the York River, but fail to
approach the larger range of 25-40 mm crabs observed and
cotnmonly collected at that time by trawl nets. Zoeae
progress through seven stages to megalopae in about one
month  Costlow and Bookhout, 1959!. Metamorphosis from
megalopa to the first crab stage takes two and a half to four
days at salinities of 5-30 ppt and ambient SWTs �5-75'FJ.
Total time to grow from the zoea  o a 10-mm width stage
�th instar! at various sa lini ties is approximately 68 days
 unweighted!. Growth to 15 mm f7 h instar! occurs in 95
days, to 25 mm �1th instar! in 176 days, 35 mm �3th instar!
in 217 days, and 40 mm �4th instar! in 261 days  Van Engel,
unpubl. data!. Assuming similar growth rates, after hatch-
ing as zoeae on June I, crabs would a tain 10-mm on
August 7, 15 mm on September 3,25 mm on November 22,
30 mm on January 3,and 40 mm on February 16. The last
three growth rates are unreasonable.

]t must be concluded that both diet and the chemical
and physical characteristics of the water used in the above
s udies were inadequate for crabs held in confinement
through successive molts, and the crabs were unable to
sustain faster growth rates. As weil, since massive egg
extrusion and hatching is not!ikely to occur before June 15,
and may happen as late as July 15, even faster growth rates
must be achieved by means I was unable to duplica e.

The indices of catchabi1ity  Tables 8a-b! are remarkably
consisrent in indicating trends, even though they describe
 he catch by different gears, in different spans of years, and
were collected by different investigators. Indices represent
the con ributions of year classes to  he various fisheries,
beginning one year af er the hatch for all fisheries: scrapes
and dipnets, yearly trotlines, fall  rot lines, winter dredges,
and the combined f'all and spring trotlines preceding and
following the intervening winter dredges,

Not all indices represent estimates of the srrength of
single year classes. Trotline indices derived by combining
data from Virginia and Maryland  Table 8b, col 5! probably
present false estimates of stock size. since each state' s
fishing practices, gear, seasons, and relative distribution of
the stock were obviously different  Churchill [1917]; Set te
and Fiedler, 1925!. Further, in each yearly trotline catch
 Table 8a, cols. 4, 7c-d, 12, 15 a-b!, proportions of spring
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and fall catch are combined for annualestimates  Table 8b,
cols. 4, 7c-d, 12, ISa-b!, failing to recognize that each
season was supported by different. though successive,
year classes.

A scan and a test graph of the trotline indices for 1919-
20 through 1924-23  Table 8b. cols. 7a-9! can demonstrate
that the Virginia and Maryland catches were significantly
different and showed different trends. The only seasonal
data on sizes of crabs caught in the scrape and dipnet for
1942-43 through 1945-46  Tables ga-b. cols. 18-19! show
that differences between May data for the older year class
peelers, and June through September for the younger year
class, do exist. A more extensive series of indices from
1942-43 through 1953-54  Van angel, unpubl.!, not sh~ iwn
here, lists differences between the two age groups and
differences between years.

Can a case be developed for any cause and eff'ect
between aquatic and atmospheric environmental data,
permissiveness or restrictions on fishing effort, and catch
indices and landings of blue crabs? So far. there are too
tew data to test for any relationship between catch indices
and landings between year classes 1905 to 1915  Tables 1,
gb!. However, the correlation between indices and landings
for the 21 year classes from 1907 to 1943  Tables 1-2, gb! is
0.490  r'!, t = 5.98, d.f.= 19, p �.001  Tables 1-2, 7, gb!.

Numbers of fishing licenses are inadequate indicators
of effort unless they are accompanied by numbers of units
of gear, length of time gear are deployed each day, number
of days of fishing, and locations of set. Scatter diagrams of
the relationships between either Virginia total crabheis'
licenses or combined Virginia and Maryland trot! ines, and
either total landings or catch indices, show no discernable
trends  Tables 1-5, 8 b, 14-16!.

Are there any relationships between catch indices,
landings, and environmental data? lt might be conjectured
that the initial size of the year c ass is determined sequen-
tially by the size of the spawning stock; preparation of the
reproductive system by favorable SWTs or some other
exogenous factors for the production of ova. egg extrusion
and hatching; high salinity where eggs will hatch; availabil-
ity of food for zoeae, megalopae, and subsequent stages;
magnitude of predation and disease on these early stages;
degree of transport of zoeae to the continental shelf; and
transport of megalopae from the continental shelf to the
Bay.

Only a few parasites or diseases affecting extruded
eggs of the adult female blue i;rab are now known, such as
the fungus Wgenidturrr caifinecres  Couch, 1942; S andoz.
Rogers and Newcombe, 1944! and the neinenean
Carcirtortemerrescarcinophila  Van Engel, 1987!.

Change in any of those variables could diminish or
enhance the success of the year class. This initial phase
encompasses a time period ranging from two ar three
months  rnid-June to rnid-September! to six inonths  May-

October!. Comparable situations alfecting, the success of
land crops are well known and frequently demonstrated.

For development and survival of tusendes to the adult
 sexually mature! sta e. factors such as SWT. salinity, and
food must be t'avorahle. and pre< ation.iiid disease must be
minimal. Estimates of survival trcirn e g io adult. and a
listing of fouling organisms, parasites. diseases and
predators were summarized by Van Fngcl t 19871

Appropriate environinenial data aiialvzed for their
effects on catch indices and landings consisted of the
fo lowing: departures of mean May s aie air temperatures
from the long term means from 1891  o 1940  Tl; May
cooling degree davs  CDD! at Nortolk, departures of SWTs
in May and June ar Hatt tmorc  B! and Windmill Point  W!
from long term means. all in the >ear of the hatch; and river
discharges from the Susquehanna  S i. Potomac tP!, and
James  Jl rivers for summer/fall  SIl! in the year of the hatch
and the following spring  SP!  Table 181.

Stingray Point Lighthouse data are provided in the
absence of Windmill Point reports. Landings data were
extracted from Tables I and 7. Missing are factors that
might be related to transport of zoeae and rnegalopae to
and from the continental shelr'and their surviv ai.

The difficulties in examining the. relationships between
catch indices, landings, and environmental data for 1904-43
are compounded by the differing qualities of the data: some
variables, e.g., discharges, are considered to be too
subjectively compiled, landings data are available for only
six calendar years from 1905 through 1928. Moreover, their
accuracy is questionable in light vf what is known of
censusing methods,  hat geo raphical and gear coverage
v 'ere incomplete and dealer and/or fishermen reports were
mostl y verbal.

Mean yearclass catch indi ces for 1905-1914, 1916-17,
and I925-1929 are either missing or arc based on only one
or two sets of data. making them less accurate estimates of
the catch ability of the year class, v bile in all other years.
three to nine sets of indices are available. Additionally, the
method of coinputing some indices by yearly ratios fails to
consider seasonal variations. sihich would have been more
accurately expressed by the logarithmic methods carried
out by Pearson�9481 hov ever, since cff'ort data were not
available or v ere of questionable accuracy, the latter
method could not be used

Visual analysis of Table 1$ ~ sts th.« there is no
single variable or combinatic n of mern to explain the range
of catch indices. That conclusuin is not satisfying.
considering stroi.g evidence p.esca;ed carher thai tlie
v ater supply cycle has a maJor atfe.t on the scag aph.'cal
distnbution ol the various life history stages and on the
temperature, sahntty, and oxygen concenua ic.ns. As we	.
spring SWTs must effect tiie prepa. ation of the female
reproductive system for esentual e extrusion, and
regulate embrvcnic devetopincnn hatchtnu, r.d thc growth



of zoeae. Obviously ignored are the mechanisms for
transport of early !ife history stages to and f'rom the
continenta! shelf.

Federal and State Reports of Landings, and
Results of Independent investigations

Landings and catch increased steadily fram 1880
through 1907 <Tab!es 1-2; Baker et a!., ! 9091. While total
Bay landings continued to rise through 1915  Tab! e I!.
mean weekly trot!inc catch declined slowly and erratical!y
from 1907 to 1911  Tab! es ga-b, col. 4!. and the winter
dredge catch plummeted beginning w ith year class 1907
 co!. ! 0!.

Assuming that the 1880 blue crab stock in the Chesa-
peake Bay was in a primitive state, previously minimally
exploited, the gradual increase in landings and mean catch
over  he next 27 years through 1907 was probably due to
increased fishing intensity rather than an increase in stock
size. Fluctuating levels of stocl. size would not be
discernable from available data through 1907

Additionally, levels ot fishing effort are unknown.
Although crabbers' licenses for scrapes, nets, and like
devices were issued in 1898 and 1900 in Virginia, different
fees for specific gears were not set until 1910  Tab! e 4l.
General licenses to use any gear were available in Mary!and
from 1882, but fees were rare!y required unti	9�
 Tab! e 17!.

Discussion of factors that might have influenced rates
of hatching, growth. and mortality betv een 1880 and 1907
has limited practical value, considering that only eight
federal canvasses were made in those 28 years, and most
reported landings were smal!  Tab!es 1-2!. Rarecornnients
by state commissioners provide information about the
presumed effects of severe local weather on catch; how-
ever, most ot' those changes more likely reflected fluctua-
tions in the intensity of fishing effort  Tab!es 2-4!.

Roberts  !905! attributed a small catch of crabs in
Maryland in 1902 to the severe winter of 1901-02  Tab!e 91.
Roberts did not report at what time of the year the scarcity
occurred. or whether soft and pec!er crabs, hard crabs. or
both were affected. Near-recordnver discharges from the
Susquehanna and Potomac rivers in March !90"  Tice.
1968! and the effects of a hurricane in the Chesapeake Bay,
with date and location onknown  EPA, !983!, may have
tiuiisported significant amounts of sediment into the Bay
that produced sufficient turbidity to reduce radiatian to
SAV, or smothered SAV in !ayers of si!t or sand. Both flood
and storm mav have resulted in mortalities of some portions
of the stock, at least its distribution, and may have had a
significant impact on fishing effon.

The midsummer/fa! I discharge in 190! was the 10th
largest on record a  Harrisburg, fiflh at Point of Rocks. and
fourth at Cattersv i!le  Tab!es 12-13! Low air temperatures

�1 CDD! and SWTs in May !901 would have produced an
environinent unfavorable for early ovarian de veiopment,
hatch, and survival of early crab stages of the 1901 year
cl ass.

While the. catch of hard crabs and the largest peelers
from April through June 1902 would have been derived
from the 1900 year class, most soft and peel er crabs caught
beginning in July. andhard crabs caught from September
through November, would have been derived from the 1901
year class.

Since no catch indices and landings data were ob-
tained for 1902, no information for that year is induded in
Table I g. Environmental data are used to speculate on their
possible effects on the 1900 and 1901 year classes  Tab!es
9-10, 12-13!. The 1900 summer/fall  Ju!y-October! and the
190! spring  March-May! discharges from the three major
rivers would have been favorable for  he hatching, growth,
and development in o juveni!es of zoeae and megalopae
 Tab!es 12- ! 3!. Ovarian development and egg extrusion
would probably have been delayed by cold SWTs in May
19%.

Cold air in May 1901 �1 CDD, the second lowest
between 1897 and 1939!, and excess rainfall would have
delayed growth of juvenile crabs in spring !901; however,
SWT at Stingray Point in May was only slightly below
normal  Tab! e 91. Additionally, a large number of adults of
the 1900 year class could have died, the stock possibly
decimated, the following winter as a resu! t of the 1901-02
storm. Mean month! y SWTs at Windrni!! Point from
January through April ! 902 were much below normal, and in
February 1902 hit tlie hawest point between 1882-1922. In
190!-02, minimum air temperatures in Maryland from
November through February were 4, -
, -7, and -17 F
respectively  U. S. Weather Bureau, 1901, 1902!.

Whatever was produced might have been substantially
reduced by the severe winter of 1901-02. However, high
river flows, warm air and SWTs, and low rainfall in the
spring of 1902 would have encouraged growth and devel-
opment of thc juvenile survivors of the 1901 year class
 Tab!es 9-10, 12-13!.

The increase in landings by a!! gear in 1904  Tab!es 1-2!
would have been supported by two year classes, 1902 and
1903. The 1902 year c!ass contributed to the winter dredge
fishery of January through March 1904, the spring soft and
peeler c,itch of the late maturing females, and the spring
and early summer trot!inc catches. It should be noted that
the December 1903 dredge catch of year class 1902 would
have been tallied with calendar year 1903 in federal landings
reports.

The 1903 year class would have contributed to the
suinmer and early fall 1904 scrape/dipnet fisheries, the fal!
trot! ine catch, and the December 1904 dredge catch, the
!atter reported as part of the 1904 landings.
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Since licenses issued in Virginia between 1900and 1910
were not gear specific  Table 41 and the number of licenses
remained nearly constant. changes in. gear usage cannot be
determined, nor can fishing effort explain the increase in
landings  Tab les 3-4!.

In 190 -03, summer river disc'harge  July-October 1902!
from the Susquehanna was one of the five historical highs
 Table 12!, which would have been unfavorable for produc-
tion of an average 1902 year class. The summer discharges
from the Potomac and James were below average, which
would have encouraged development of a large year class,
Spring 1903  March-May! discharge from all rivers was
high, providing high quality Bay and river environments
 Table 12!. Spri~g rnid-bay S WTs were cool  Table 9!.

Environmental events in 1903-04 were harsh, with high
summer and low spring discharges and low spring S WTs,
which would have delayed ovarian and zoeal development
of the 1903 year class  Tables 9, 12-13!. Susquehanna River
discharge in the summer of 1903 was another one of the five
historical highs. Mid-Bay SWTs from December 1903
through April 1904 were abnormally low, probably echoing
the March 1904 storm discharge.

An alternate approach to assessing the status of the
blue crab stock was initiated by Churchill [1917], who
estimated a mean catch per day by Virginia trotlines and by
Virginia winter dredges. Those data were recalculated as
mean catch per week by Sette and Fiedler �925!; I then
recalculated the data as indices of catchabiliry  Table Sb,
cols. 4, 10!. Mean trotline catch declined slowly from 1907-
08 through 1915-16. Estimates of mean catch per man were
either not recorded by Churchill, or ignored by Sette and
Fiedl~.

It is apparent that Churchill [1917] and Sene and
Fiedler �925! understood the basic life cycle of a year
class. Sette and Fiedler described the contribution of a year
class to the catch by different gears in different seasons as
"the complete history of thi.s particular cr op," and pre-
sented the sequence of the Maryland summer scrape/
dipnet and fall/spring trotline data with the Virginia dredge
boat data in their Table 7 and Fig. 9,

However, when they reported trotline data from both
states for 1918-25, and soft and peeler catch for 1922-24
 their Tables I, 3-7!, the data were presented by calendar
years without separating the May-June older age group
from the September-November younger age group  Tables
ga-b, col. 4!. As well, they did not cite the dates for the
beginning and end of each season. In order to reconstruct
the two seasons. the dates were approximated, enabling me
to calculate catch and indices of catchabi lity  Tables ga-b,
cols. 1,5,7a-9 and 11!.

Churchill [1917j noted that the 1907-17 Virginia trotl inc
catch data were probably not representative of the total
Virginia trot line catch, since his records v. ere obtained from
crabbers who hauled their tines by hand, and v hose catch

would be smaller than that of era bbers trav ersing their lines
with engine or sail power. Also, despite increases in
tro line length. which would have allowed a larger catch
without substantially increasing fishing time. a downward
trend in the catch occurred during those 1 1 vears.

ln graphs of trot!ine and dredge catch indices and bi-
state landings for 1906-07 through 1915-16. a fev peaks and
minima are evident Fig, 4!. As stated earlier. too few data
for that period are available to examine the statistical
relationship between catch and landings. Later records of
Sette and Ficdler �925! show that catch v, as markedly
different in Virginia and Maryland.

Also, as stated before, since spring and fall catches
were derived from two separate, successive year classes of
crabs, discussion of factors that influence yearcl ass
strength is unrelated to the magnitude of any annual index.
For example, the winter dredge catch ot 1906-07 and the
1907 spring and early summer trotline catches w ould have
been composed mainly of crabs of the 1905 year class.
while the 1907 fall trotline, the winier 1907-08 dredge, and
190g spring and early summer troil inc catches would have
been primarily supported by the 1906 year class.

The decline in the catch from 1906-07 to i 915-16

 Tables ga-b, cols. 4, 10! may not have been representative
of fishing success throughout the Bay, since it consisted of
only those catches from Virginia dredges and trotlines:  I >
Virginia had smaller landings than Mary land most years
through 1915, except 1908  Tables 1-2!; �! the canvass may
have been skewed toward either the most or least success-
ful, but not the average waterman; �! catch indices may not
represent yearclass abundance, since they sometiines
include the mixture of two year classes; �! ihe spawning
stock could have been reduced by intensified summer
trotline fishing for sponge crabs, and by vs inter dredges to
support the Virginia canning industry, the latter evidenced
by the increase in dredge vessels from 1904 to 1915  Tables
3-4!; �! overharvesting immature crabs throughout the Bay.
partly to support the soft crab fishery, would have reduced
the potential supply of large crabs. Overharvesting.
however, was characterized by the deliberate capture of any
size crab for sale to the public and restaurants for crab
soups, or to crab meat picking houses  Earl e, 1916!.

No minimum-width cull la@, existed in die Bay until
1912, when Virginia set a minimum of 3.5 inches on hard
crabs other than peelers. A minimui.. w idth of 5 irches for
hard crabs was not enacted by either state until 1916, arid a
3-inch mirumum on softcrabs was set in!vlary land in 1917
and in Vir inia in 1922.

Although commissioners of both states referrer! to a
"scarcitv" of crabs from 1912 through J91 6, aitnhuting it to
the capture of sponge crabs and not ro w inter dredging
 Earle, 1916. 1918; Parsons et al., 1915, 1916, Is.emp et al-,
l917b!, the trotline catch reponcd by Churchill ivas ~till



relatively large through 1913-14 when cotnpared with
catches in later years, Virginia rrotline catches increased
substantially in 1912-13 and 1913-14 over those in 1911-1'2,
supported by three. successive year classes: l910, 1911 and
191'2  Tables ga-b, col, 4!. Dredge catch data were not
obtained from 1911-12 through 1913-14, but in 1914-15 had
plurnrneted below 191011 values  cob 10!.

Since Churchill's detailed trorlinc catch reconds da nat

to tny knowledge exist. it is not known what portion was
caught in spring 1912, derived from thc 1910 year class, and
what portion was caught in the fall, derived from thc 1911
year c! ass, More importantly, stock size and the tnagnitude
of the catch from 1912 through 1915. as described by the
commissioners and even those by Churchill [1917] and
Sette and Fied! er �925!, may b«questionable if thc results
of a special federal survey in 1915 are to bc believed.

Responding to reports that the catch had greatly
decreased in 1914 and in the spring and summer of 1915, in
late 1915 the Division of Statistics of the U. S. Bureau of

Fisheries canvassed thc Bay crab industry for!hat year.
The. yield and va.lue were reported as larger than the
preceding canvass of 1908 for Maryland, but nat for
Virginia  Tables 1-2!. The surveyors concluded that
maximum landings and val~e had been reached some ime
between 1908 and 1915  U. S. Bureau of Fisheries, 1916!,
probably about 1912  Redfield, 1917; H. M, Smith, 1917!.

Smith stated that the estitnatc that maximum catch had
probably been reached about 1912 was based on "infortna-
tion at hand." Churchill's [1917] trotline data may have
been available to thc surveyors in 1915, which would have
shown that the 1911 and 1912 mean catch greatly exceeded
thc mean in 1915, Churchill's [1917] trorline data were
available to and reported by Sette and Fiedler �925!.

Contrary to the reports by state commissioners of poor
trotline catches in the spring and carly summer of 1915, thc
surveyors reported bi-state Bay landings of over 50 M
pounds, exceeding all landings both previously reported
and in nine of thc following 16 years through 1940  Tables
1, 7!. The conclusion oi' the Division of Statistics that
inaximum land ings and value between 1908 and 1915 had
been reached about 1912 is contrary to cornrnissioners'
reports of a decline in thc mean trotline catch, but is m
agreement with Churchill's finding for 1912.

Surveyors' reports for landings in 1915, on the other
hand, disagree with both the commissioners' and
Churchill's statements. Effort data cannot explain the
differences: numbers of Virginia licenses were relatively
unchanged until 1912 and werc substantially fewer from
1912-1915. But some werc not required in those years
 Table 4!. Except for scrapes, no licenses were required in
Maryl and until 1916.

Environmental data favorable to strong yearclass
development are difficuh to assess. Judged by catch

indices, three intermediate-sized year classes originated in
successive yearc lass years from 1905-07  Table Sb, mean
indices!, and possibly three more: 1909, 1911, and 1912, if
yearly rrotlinc catch indices arc considered  Tab! e gb, col.
4!. However, there is no consistent combination of environ-
tnental variables associated with any magnitude of catch
indices for yearc lass years 1905-15  Table 18!.

Departures of Virginia and Maryland air temperatures
from the long term mean in May 1907 were -3,3'and -4.5'F,
atnong the six lowest between 1891-1940  Table 10!; these
we rc reflected in a large S WT deficit at Windmill Point,
which continued into Junc, One would expect that thc
continued low SWT would have depressed the feeding rate
and delayed the growth of juvenile crabs in May and June
as well as reducing the spring 1907 trotline catch; unfortu-
natelyy, detailed catch data are not available to determine
what occurred.

Dcprcssed temperatures should have dclaycd both the
development of the female reproductive system and cgg
extrusion, Whether that would have delayed or reduced
the egg-hatching rate of thc 1907 year class to produce a
smaller year class can only bc speculated fram the decrease
in the Virginia trotline and winter dredge catch indices for
1908-09. Uncertainty about the size of either thc 1906 or
1907 year class stems from the observation that thc trotline
index for 1908-09 covers the whole of 1908, which includes
the spring and early summer catch of the year class of 1906,
and the fall catch of year class 1907  Tables ga-b, cols. 4,
10!.

Absence of or inverse relationships between catch and
envirotuncntal data from 1906-07 through 1915-16 may have
occurred for any or al! of several reasons related to the
collection of catch data: selecting thc wrong combinations
of months to represent effective river discharges and
placing too much emphasis on all three rivers, when
possibly only one, such as the James River, may be the
most important.

Pearson �948! found high negative correlations
between thc Jarncs River mean monthly discharge for June
 -0.711 r!, August  -0.672!, and May  -0.509! as measured at
Carters ville, and the winter dredge catch onc and one-half
years later for data from 1930-44. By choosing May and
June discharges  incorrectly, in iny opinion! and assuming
they were the months of heavy spawning, thc correlation
with the catch was -0.756  r!; however, no confidence value
was given.

In Pearson's Fig. 6, at least two extremely low and two
extremely high discharges have obviously had a major
effect on the placement of thc regression, and probably on
th.e correlation, suggesting that data from some. of the
lowest and highest discharges should be used in the
correlation analysis rather than either total discharges or
those lower than and higher than the means. In any data
set of twa variables to be analyzed f' or possible correlation,



where other variables that might have an effect are not
included, intermediarc values of one or both variables can

decrease the coefficient and its significance.
James River outflow may have a significant effect on

the water quality in that part of the Bay where hatching and
earty feeding of zoeae is concentrated. Low summer/fall
discharges in 1911-12 and 1912-13 may have been the bases
for development of the 1911 and 1912 year classes  Tables
12-13!. which supported the catch for the two years starting
in the fall of 1912 and the fall of 1913  Tables ga-b, col. 4!.

Fluctuating environmental conditions in May from
1908-11 may have promoted and then ditninishcd yearclass
strength. The May 1911 air temperature departure of+3.4'F
and+5.ty'F in Virginia and Maryland  Table 10! and a+7.1'F
SWI' at Windmill Point  Table 9! should have been factors
promoting early cgg extrusion and carly hatching and
growth of zoeae of thc 1911 year class. However, thc storm
of January 5 through February 16, 1912, was thc most
severe in duration and intensity on record to that date. It
caused the formation of targe quantities of ice in the Bay
and tributaries  U. S. Weather B ureau, 1912. 1913!, probably
stopped commercial dredging in Vvginia, and apparently
prevented monitoring of thc Windmill Point SWT for those
two months.

While no ill effect on the 1912-13 trotlinc catch was

apparent  Tables ga-b, col. 4!, high mortality on aduh
fetnales may have occurred, reducing the 1912 spawning
population. While severe winter storms cause high
mortality among adult females in the middle portions of the
bay between the mouth of the Potomac River and Wolf
Trap Light, it is not known whether a severe, winter storm
affects juveniles and adults similarly or differentiatly.
Adult females do not tolerate low salinities at low tempera-
tures. No effects of those low temperatures and the ice on
catch, crab stocks, or fishing effort were reported by
coininissioners.

Since most of the suspended silt and clay discharged
from the Susquehanna River would normally hav» been
deposited in the upper 20-30 km of the Bay, less sediment
would have been deposited in the upper part of the Bay
following thc completion of the Holtwood dam in 1910.
Sediments would only bc carried farther down the Bay
when there were extremely! arge volumes of flow.

Episodic floods of the Susquehanna River in March
1: 13 and 1914  Table 14! may have had unknown effects on
thc existent stocks and for the development of' new year
classes. Two floods in March and June 1916 may have
affected year class devetopment and fishing effort.

It is probable that the scarcity of crabs in the spring
and early summer of 1915, continuing the reported decline
in catch  Farle, 1916; Parsons et al., 1916!, prompted thc
passage by Virginia and Maryland of 5-inch minimum-width
cull laws in 1916, an increase from the 3.5 inch rule An
additional advantage of the 5-inch rule on hard crabs was

to permit 3.5-inch crabs to shed an additional one or more
times. increasing their weight before harvest  Parsons et al.,
1916!.

Thc 1916 cull law to release smail cmbs in the summer

of 1916 �9 15 year class! was expected to allow them to
reach maturity in late summer and fall, contributing  o the
catch in thc tall of 1916 and spring of 1917. A sma! I
increase in the 1916 fall trotline catch in Virginia did occur
 Parsons et al, 1917!.

A scarcity of 5-inch hard crabs was reported in the
spring of 1917 by Maryland watermen, who declared that
thc number of legal-size crabs was too few for their de-
mands. They pleaded hardship and requested a seasonal
reduction in the size limitation to four inches in May and
June and 4.5 inches in July; however. no legislative action
was taken  Earle, 1918!, In contrast, no scarcity occurred in
Virginia in the spring of 1917 and Vii i nia commissioners
 Parsons et al� 1918! reported that the industry was
"prosperous." A difference between the sta:es in estimated
abundance has often been reported. But despite the
reference to a "prosperous" industry and a sinall increase in
the trotlme and dredge catches in Virgini~, catches were still
very inuch lower than those report ed for 1907 and 1908
 Tables Sa-b, cols, 4, 10-11!.

The reaction of watermen to a low catch was often

repeated in tater years in the Chesapeake Bay. Temporary
shortages were given too tnuch weight as a request for
regulatory action, or the event was misperceived as a sign
of impending collapse of the fishery, with simi Iar denials
and inactivity by governing bodies. It is probable that the
worsening weather in the spring of I 917 brought about a
delay in crab growth and a decrease in crab availability and
catchability rates, May 1917 incan air temperatures were.
the lowest on record between 1891-1940, with departures of
-5,0'F and -5.3'F. Baltimore and Windmill Point SWTs were

below 6'  Tabtes 9-10!.
When each state enacted its cull law in 1916, it also

established a closed season on sponge crabs, females with
extruded eggs, which Marytand further extended geo-
graphically in 1917  Commonwealth of Virginia, 1916;
Sessions. 1916, 1917; Parsons et al., 1916, Kemp et al..
1917a, 1917b!. While the immediate planned effect of the
latter ban was to set aside the breeding portion of the
stock, theoretically there was greater potential fcr a Iong-
term incre~== in total stock size. For example, zo ae
hatched in mid-summer 1916 would have become adult

crabs in late August or September of 19I7, contributing to
the fall 1917 and spri ng and summer 1918 trotli ne fisheries
and the dredge catch of 1917-1918, Hov, e ver. t?;ose crabs
originating from a late hatch in l 916 might not h ve matured
until the spring of 191.8.

ln fact, more smal! crabs than had been seen for yeats
was reported in Maryland in the summer of 1917  Commis-
sionof Fisheriesof Virginia, 1917!. That ircre se v'as
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followed by a larger fall tro line catch in Virginia and
Maryland, with the mean daily trot! ine catch at three
Virginia and one Maryland dealerships reportedly rising 35-
50% over that of 19�  Churchill, [! 9! 7!,' U. S. Bureau of
Fisheries, 1917!.

This ref!ected only par ially the increase in the com-
bined states' index for !917-18  Tables ba-b, col. 4!, but not
the winter dredge catch  cols. 10-11!. Those increases may
have resulted from the cull law, effecting releases in 1917 of
small c rabs hatched in 1916, or more f'ernales spawning in
1916  or boih!, or other unknown factors.

Although Virginiacrabbers' licenses, principally
trot!ines, more than doubled from! 916 to 1917  Table 4!, the
reported change in effort should be credited to a change in
interpretation of the licensing !aws. When different fees for
speci! ic gears were set in 1910  Commonwealth of Virginia,
J 910!, the Commission of Fisheries �9! ! ! interpreted  he
Ia N to mean that no trotline license was required unless the
catch was to be used for picking or canning crabs.

E ve ntual 1 y, Virginia commissioners  Parsons et al.,
1916! recommended that all persons takingcrabs for profit
be taxed, Although commission minutes do not re!ate any
action by the commissioners, a tax must have been im-
posed, probably between October 1, 1916 and September
30. 1917, the fiscal year of the Virginia commissioners�'
report. Taxing existing trotlines shou!d not have affected
actual fishing effort. only the number of units reported.
General Assembly legislation in 19!g omitted all references
to how the catch was to be used  Commonwealth of
Virginia, 1918!, thus acceding to the Virginia Commission's
request and action.

The coldest winter on record in the Chesapeake Bay
region was that of December 1, 1917 through January 31,
1918, with minimum air temperatures of-27'F in December
and -22 F in January in Virginia, and low or freezing SWTs
at Baltimore and Windmill Point  Table 9!. Ice closed the
Upper Bay  o steam navigation as far south as the inouth of
the Potomac River from December 29 through January.

Early in 1918 there was a bay-wide scarcity of crabs
five inches wide and larger. The cold was followed by a
fast v arming trend: + 4.5 departure of mean air temperature
in May v-as almost a record in Virginia, and + 5. 1 was a
record in Maryland  Tables 10, 17!, while SWTs were above
average  Table 9!.

Most watermen expcc ed that th. i «ou!d be a
continued scarcity, since the severe winter had reduced the
spring catch. Surprisingly, there was a great supply of large
crabs "from ihe middle of the season on"  !918! in Mary-
land  Kemp et at., 1919!. Mean dredge catches for the
winters of 1917-1918 and 1918-1919 were larger than any
reported since 1911-1912  Tables ga-b, cols. IO, 11!.

Although an oft heard comment among Chesapeake
Bay watermen, commissioners, and Bay scientists is thai

severe winter storms cause high mortality of crabs. the
1917-18 storm appears to have been an exception The only
plausible explanation for the large supply of crabs "from the
ntiddle of the season on" is that those crabs were derived
from juveniles of the 1917 year class that had survived the
winter. Litt!e is known or has been reported on the differen-
tial mortality or survival of juveniles in winter storms.

Catch data on several crab fisheries were obtained by
Sette and Fiedler �925!, who reported the mean number of
crabs caught per week for the summer soft and pee.ler catch
by Maryland scrapes and dipnets froin May 1 through
October 31, 1919-24. They reported in pounds the bi-state
hard crab trot!inc catch for Virginia  April 1-November 30,
! 919-25! and Maryland  May 1-October 31, 1919-25}, the
fa!!/spring Maryland trot!ine catch  ! 9! 9-25!, and the
Virginia winter dredge catch  December 1-April 1, 1916-25!
 partly from Churchill, [! 9! 7! !  Tables ga-b!. To ease
interpretation of success of fishing, I converted catch to
indices of caichabi! ity by ca!culating a series of ratios that
were then related to a Base Year.

The Base Year for each type of fishery, e.g., scrape/
dipnet and trot!inc and dredge, was one with an identical or
siinilar catch in pounds made in the same type of fishery.
Either the same catch index was elected, or it was adjusted
for the proportiona! increase or decrease in the actual
pounds caught in the two years, restricting the selections
to indices specific to each gear type. When the difference
was small, however, no adjustment was made. The base
index for the 1919-20 fall/spring trrnlincs for Maryland and
Virginia was 0.36, previously calculated for ihe 1916-17
Virginia trot!inc catch, but not adjusted for the difference
between the 783 pounds in 1916-17, and 825 and 837
pouncls in 1919-20, an oversight  Tables ga-b, cols 4, 8-9!.
The index for Maryland's yearly catch was 0.45  col. 7c!.
adjusted from the mdex of 0.43 for 1917-18  col. 4!; the index
for Virginia's yearly catch was 0.60  col. 7d!, adjusted from
the 0.51 index for 19! 4-! 5  col, 4!. An identica! procedure
was followed in calculating all other indices, but no details
of those calculations or adJustrnents will be ri ed.

Since Set te and Fiedler had not separately tabulated
the Virginia or Mary!and fall trot!inc catches or the Virginia
fa! I/spring data, I extracted those data from their Tables 4-5
and calculated indices for those fisheries  Tables ga-b, cols.
7a-b, 9!. My selection of beginning and ending dates for
the fall and fa!Vspring trot!inc fisheries must have been
close to those used by Set te and Fiedler, since the extracted
mean catches in pounds for the Maryland tall/spring
season in all years were exactly or nearly the same as those
reported in their Table 7.

The 1919 Maryland spring/fall trotline season was
described as "prosperous"  Vickers, 1920!. Since all yearly,
i.e., spring through fall, catches are comprised of two yea r
classes, their indices do not estimate vearclass catchabihty;
fall and fall/spring indices are better measures of the year
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class. Also, separating Virginia s catch from ibiaryland's
may permit a more accurate description of the success of
fishing in each state. Hov ever. differences in indices from
the fall of 1919 through the fall of 192S may reflect either
real differences in the distribution of the stock throughout
th» Bay, differences in the intensity of fishing etfort, or
inequalities in census methods. Nevertheless, the 1922-23
year class is consistently estimated as strong in all fisheries
in that period, and 1924-25 the weakest.

No adverse effects of runoff, SWT, or fishing pressure
are known that would have affected the 1918 or 1919

spawning stock or their progeny  Table 18!. The numbers
of Virginia crabbers and dredgers were lower than previ-
ously, and since the ban on sponge crabs in July and
August in Virginia was still in effect, landings in those
months would have been smaller than reported in earlier
years. Maryland effort in 19 I9 had increased, which

probably accounted for much of that state's yearly increase
in catch,

Total landings by all gears in 1920  Tables 1-2! declined
to a low reminiscent of 1901, and were inore acutely
apparent in Maryland. Mean weekly catch was lower in
several tisheries in 1920-21: thecombined Virginia/Mary-
land year! y trotl inc catch. Maryland fall and fall/spring
trotl ines, and Virginia dredges  Table ga, cols. S, 7a-9, I I!.

Severe cold in May 1920 with air departures of-4.2'
and -4. 1'F in Virginia and Maryland  Table 10!, and SWT
departures ot'-3.3 and -4.2'F  the latter freezing! at Baltimore
and Windmill Point  Table 9! may have slowed movement,
feeding and growth of crabs, and catch. Runoff in 19 l 8-19
and 1919-20  Tables 12-13, I 7! should have been  'avorable
for strong development of the 1918 and 1919 year classes,
but that is not reflected in the indices for I 9J 9-20 and 1920-
21  Table gb!.

Pearson �942! proposed that the decline in hard crab
landings in 1920 might be attributed to the lass of spawning
stock in 1918. However, while the spring portion of the
trotline catch from April through the end of June 1920
would have been derived from the 1918 spawning. the
subsequent fall catch would have been derived from the
1919 year class  see, for example, Sette and Fiedlcr, 1925.
their Tables 4-6!.

An episodic flood of the Susquehanna River in March
l920, and floods of the Susquehanna, Potomac, and James
rivers in April and May 1924, may have affected stocks or
development of new year classes. Landings were lower in
the census years 1920, 1924, and 1925 than in 1915 and 1916
 Tables I -2, 7; Fig. 4; Vickers et al, 1920, 1921, 1922;
Matyland Department of Tidewater Fisheries. 1942!. tVIean
catch in Maryland and Virginia was similarly low in the
same census years except in 1922-23 by all gear  Tables Ba-
h, cols. 1. 5-6,7a-9, 11-12. 16!.

The short rise and subsequent fall of catch between
1920 and 1925 may havebeen effected by different levels of

fishing eftort and/or abiotic factors of the environment.
Maryland catches in 192 and 1923 were reported "profit-
able," and "very good'  Vie l ers e  al, 1923, Vtckers, 1924k
but Maryland s coinmissioners made no reference to
seasonal differences in the catch in the~r calendar vear

reports. lt is evident from Seite and Fiedler   I 9 S. their
Tables 3-6! that the best catches were made in the scrape/
dipnet, fall and fall/spring tro line, and winter dredge
fisheries from  he sumtner of 1922 through the fo! lowing
winter and spring  Tables ga-b!, all of v hich vs ere supported
by the 1921 year class. Weeklv scrape and dipnet catch
from 1919 through 1921 was not provided by Sette and
Fiedler �925!.

Sette and Fiedlcr derived their recognition ot a year
class from the close relationship bet v ee.n the various gear
catches from the suinmer of 1922 through the spring of
1923. They further concluded that since the catch levels in
Virginia and Maryland were closely related, the tactors
affecting abundance  and/vr availabi!ity?j must be the same
or similar in all areas and fisheries. However, it must now be

recognized that factors affecting abundance at various
stages of the life cycle of the blue crab and factors deter-
mining catch are not the same throughout Bay waters. This
is because there are differences betv, een the states in levels

and types of fishing effort, management regulations, and
the spatial and seasonal distributions of crabs. the latter
being largely determined by differences in salinity. dis-
solved oxygen, temperature, andbottom habitat.

Legislation established Bay-wide in 19I6 protecting
sponge crabs in all waters in July and August was amended
and extended by Virginia in 192'2  Commonwealth of
Virginia, 1922!. Thi s amendment extending the dates from
June 15 through August 3l reinained unchanged untrl early
1926. The additional I S days of protection was the ught to
provide a slightly larger breeding stock in June of l922. but
in most years sponge crabs are not in abundance until July
and August. The decline in catchability in the follovvtng
years. from 1923 to 1926. suggests  hat the 15-day exten-
sion made no difference, or tha  other tactors interfered
with the development of the year classes, or both

Did abiotic factors of the environment affect the

development of the yea.r classes from 1920 thr'ough 19 S7
Seasonal discharges from all three rivers were favorable for
development of the 1921, 1922, l923. and 192S y ear classes
 Tables 12-13!, and definitely unfavorable for the 1920 and
1924 year classes. Only the 19 1 and 1922 year classes
supported successful fisheries. The magnitude ot the
seasonal river discharges  July through October, March
through May! was similar to the magnitude of the seasonal
precipitation deficits over the six-year period i Tab! cs I I -13!

The extremely low values of 24 CD& for vIa; l9 0 and
60CDD in May l924 as well as large deticits tn SSVTs for
Mav and June 19 0 at Baltimore and Windmill Point. and
1924 at Windmill Point 1 Tables 9- I 0. IS! i ndi tate that
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conditions were  oo cold those years for maturation of the
reproductive organs prior  o egg extrusion and embryonic
development after extrusion of the year classes. A contra-
indicator to the likelihood of success of ihe 19'21 year class
was the low value af 59 CDD in May 1921  Table I S!, ihe
second smallest number in the 13 years from 1897- 1909, and
the second smallest in the 26 years from 1914-1939  Table
10!. It is possible tha  the daily air tempera ures were
incorrectly reported by the U. S. Weather Bureau, which is
suggested by the observa ion that SWT departures from
the May mean for 1921 were small  -0.8 and -1.3! Table 9!.

The "severe" cold spell of January through February
19'22  period 1921-2'2 in Table 9!, sn cited by the U. S.
Weather Bureau �922!, was milder  han those that occurred
previously in 1919-20 and!ater in 1925-26. Although the
cold may have reduced the spring 1922 tratline catch  Sette
and Fiedler. 19'25. their Tables 4-6!, suffic ient stock rnu s 
have been available and environmental factors must have
been very favorable for the rest of the year to sustain an
excellent 1922-23 commercial catch by all gear,

There were many cooling degree days in May 1922.
Combined with low summer river discharges, this could

have encouraged early egg extrusion, hatching, and
survival of zoeae of the 1922 year class  Tables 10. 18!.
Warm S WTs in spring 1922 would also have eased food
sources. aided rapid growth of juveniles of the 1921
hatch, and con ributed to the large catches made in 1922
 Table 181.

Although the small spring 1923 river discharges would
have been unfavorable for juvenile development the 19'22
year class must be considered successful, since catch in
1923-1924, excepting the falVspring Virginia trot!ine ca c h,
was! arger than that ot all years except 1922-23.

A 28% increase in Virginia hard crab landings from
1924  o 1925  Tables '2, 7! is echoed by an increase in the
Virginia fall  roti inc index  Table Sb, col. 7b!. Con rary io
landings reports, Virginia's winter dredge catch and
Maryland's fall troiline catch declined substantially
 Tables 2,7; ga-b, cols. 6, 16!. The small catch reported by
Maryland commissioners in July 1924 had not improved by
1925  Parle. 1925, 19 6!. Virginia's fall trotline increases
may have come from the survivors of the 1924 year class:
more 25-50 mm v ide   I to 2-inch! crabs were reported in
June 1925 than had ever been seen before in  he Potomac

River near 8 I akiston, lvl aryland  no w named S . CI c ments
Island! at the mouth of the S . Clements Bay, about '27 miles
from the rnauth of the Potomac River  cited in a letter in files
of the Virginia Marine Resources Commission to the L. S.
Commissioner of Fisheries by a Mary land fisherman!.

Sobs antiaf!y more Virginia licenses were issued froin
1922-25 for crabbing, for buying hard crabs, shedding
peelers. and picking crab meat  Tables 15-16!. Numbers of
h:Iaryfand general "crabbers", licenses increased in 1921
and 19'2, but dropped markedly after 1925  Table 17l. The

incentives for  he increase in fishing effort are unknown: no
new size, seasonal, geographic, or economic regulations.
excep  for those on sponge crabs, are knov n that would
have inhibi ed or encouraged fishing effort, except for a
recognition by watermen of the large size of the 1922-23
crab crop.

The smaller number of Virginia licenses issued in the
fiscal year 1923-24  Table 15! must be credited to a 9-month
reporting year: the calendar year record  Table 16! shows no
decline in 19'24.

It is evident from the small Maryland tro line catches
from 19'24 through 1927  Table Sa, col. 6! that the 15-day
expansion of the sponge crab ban in 1922 did not, by itself,
result in the desired increase in fishable stock, measured by
their catchability. Also, the decline in mean weekly trotline
catch paralleled the decrease in Maryland fishing effort and
could not be blamed on a division of' the available stock

among more licensees  Table 17!. Nor could it be blamed on
the prohibition of capture and possession of sponge crabs,
since sponge crabs are rarely found in Maryland waters.

An increase in the number of Virginia calendar year
lice nses from 1925 through 1927  Table 16! would account
for the i ncrease in Virginia fall tro line landings in 1925
 Table 2! and in the mean catch  Table 8a, col. 7b!.

Conferences on crabs  and oysters and fish! were held
frequen ly from 1921 through 1926 between personnel of
the IJ. S. Bureau of Fisheries, state government officials,
state commissioners, biologists, and industry representa-
tives. The continuation of small catches probably
prompted conference agreement that a total year-round ban
on sponge crabs be imposed in Virginia in 1926  Common-
wealth of Virginia, 19'26!. Immediately after passage of the
new law, Virginia industry argued that passage of the total
ban was unnecessary and ill-advised. that the winter dredge
catch of 1925-26 had been plen i ful, and the crab market
glutted. Bay shore fishermen were claiming that their nets
were choked ivith crabs that spring  Anonymous, 1926!.
Industry also predicted  hat the reduction in catch
of fernale crabs in early spring and surnrner would lead to
higher prices for crabs and crab meat, increased fishing
pressure on male crabs, and false claims from other states
that the shortage in the catch was caused by winter
dredging in Virginia. Industry's comments about l926
catches are no  confirmed by the dredge catch of the winter
of 1925-26  Tables ga b, col. 16!. No trotline data for the
spring of 1926 from Virginia or Maryland are a vail able for
review. No legislative changes were made then, however.

Although no federal landings surveys were made from
1926 through 1928 to assess the condition of the fisheries
following the total ban on sponge crabs, a 20-year record
�925-44! of fall-caught hard crabs from Maryland trotline
wa ermen was reported by Pearson �945. his Fig. 2!. I
converted Pearson's graphed yearly percentage deviations
from the 20-year mean daily catch of 290 pounds to an



annual incan daily catch in pounds, and calculated the ratio
of each year's catch to the fall catch in 19 5  Tables 8a-b,
col, 6!.

Mean daily catch was first converted to weekly catch.
multiplying by 3.49 an estimate of days of fishing per week
obtained from data provided by Set te and Fiedler �925!.
For example, Sette andFiedler's estimate of 632 pounds per
week in 1925 was 3.49 times my estimate of 181 pounds per
day. Assignment of base indices was justified since no
other data for the period 1925-26 through 1944-45 were
available; however. data from Cronin �982! and the
Maryland Department of Research and Education �955!
later duplicated the time span. although there were some
differences in catch  Tables 8a-b, cols. 6, 12; Fig, S!.

From other trotline data derived from waterrnen's
records from Tilghman Island, Maryland  Cronin, 1944;
Maryland Department of Research and Education, 1955!,
indices of the average daily catch per week for the calendar
year �925-44! and for the fall and falVspring �936-44!
followed the trends in indices calculated from Pcarson's

1925-44 data  Table 8b, cols. 6, 15a-c, I2!. The bases for
yearly trotline catch and for the falVspring catch for
Tilghrnan and St. Michaels �5a-d!, and for the Maryland
yearly catch  col. 12! were chosen by the method earlier
described,

The sighting of tnany "smal I" crabs as far upbay in
Mary land as the Chester River in September 1926, and in
unspecified Maryland waters in August and Septeinber
1927  Earle, 1927, 1928!, suggests that factors favoring a
successful hatch, survival, and growth of the young had
occurred in those two years. There were more soft crabs
caught in late 1927 than in many previous years, and hard
crabs were in greater supply,  letter in files ol the Virginia
Marine Resources Commission from L. R, Carson, a
Hampton, Virginia seafood dealer to the U. S, Commissioner
of Fisheries!.

The occurrence of "small" crabs had been mentioned
only! wice before 1926 in the commissioner's reports or
correspondence: at Crisfield, Maryland in April and May
1916  Commission of Fisheries of Virginia, 1917!, and at the
mouth of St. C lements Bay, 27 miles upri ver from the mouth
of the Potomac River in June 1925  letter in files of the
Virginia Marine Resources Commission from Capt. R, Lee
Arnold, Blaktston P.O., Maryland, to the U. S. Commis-
sioner of Fisheries!.

Inferring the year of hatch from the size and physical
condition of a Chesapeake Bay crab, when the time of year
and location of capture is known, is usually easy  Van
Engel, 1987!. But «hat is the actual size of a "small" crab?
In the southern end of the Bay and in its tributaries, a crab
hatched in late spring or early summer may attain an
average width of 20 mm by early September  Pers. obs.!.

Truitt �934! stated that I/4 to 3/8-inch �-9 mm! crabs
were taken in the lower parts of Virginia rivers and the Bay

during late October and November, and the same size crabs
were caught at Solomons, Maryland in November 1931,
1932, and 1933. Churchill �919b! reported that from Apr il
15 to May I, 1917. I to 2-inch crabs were abundant near
Crisfield, Maryland, and proposed that they had migrated
there the previous summer and autumn. In recent years, 10-
60min crabs have been collected in early November in the
southern end of the Bay. and north to the mouth ol the
Potomac River  Pers. obs.!.

Migration upbay has often been reported to cease,
usually near the Maryland-Virginia border. by late Novem-
ber or December  Trui t, 1939, Cargo and Cronin, 195 I !,
although a few rnigrants may reach Pocomoke and Tangier
sounds, and occasionally the Choptank River and Tilghman
Island, by fall in the year of the hatch. According to Truitt
�939!, numerous juveniles If2 to I-inch �2.5-2! mrn! v ide
dn not usually occur in southern Maryland before the
following Apri I or May, in the mouth of the Patuxen t River
before June on the v'est shore, or Hooper's island on the
east shore of the Bay. Also according to Truitt �934!,
although 3/8 to IL~-inch crabs  9-12 5 mm! were found at thc
head of the Bay in mid-June in the year follov ing the hatch,
their occurrence was unprecedemed; however, greater
numbers were found in Pocotnoke and Tangier sounds,

The Chester River is as far north of Tangier Is! and as
Tangier is from the mouth of the Chesapeake Bay, but
before 1926, "small" crabs bad never been reported to have
reached that river in the year of the hatch. IVas their
occurrence in September 1926 the result of the upbay
transport or migration of juveniles representing the 1926
year classg Or were the crabs deri ved from the older 1925
year class that had migrated to the Chester on the usually
accepted schedule 7

Earle's later report �928! of a number o f "small" crabs
in Maryland in August and September of 1927 did not
specify where they were seen. If they had been located in
Tangier and Pocomoke sounds, they could have been part
of the 1927 year class; hov ever, if thev had been farther
north, they may have been representatives of an older year
class.

Regardless of which year classes v ere beirg repre-
sented, their rare appearance in late summer of 1926 and
1927 would suggest either an increase in sto-k abundance
or changes in environmental conditions favorable for
migration or transport, or both, and portend good fisheries.
For example:  I! the 1925 year class would support the
summer scrapei'dipnet and fall trot! inc fisheries of 1926.
winter dredge catch of 1926-27. and the spring trotline and
spring scraper'dipnet fishenes ot 192?; � t the 19'6 class
would contribute to the summer scrape/di poet and fall
trotl inc fisheries ot 1927, the v inter dredge cat=h of 19 "7- 8,
and the spring trotline and spring scrape/dtpnet fisheries of
1928; �! the 1927 year class would suppon tl e summer
scrape/dipnet and fall trotline fisheries of 19 8, the ivinter
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dredge fishery of 1928-29, and the spring trot!inc and spring
scrape/dipnet catch of !929.

Catch data do not support the supposition that either
the 19~& or 1926 year class was !arge. Trotline catches in
calendar years 1926 and 1927 and the fa!!of !926 and 1927
in Maryland werc small  Tab!e ga, cols. 6, 12!. although
marketable crabs were reported fart her upbay in 1927 than
they had been f' or several years  Ear!e, 1928!. There was,
however. a substan ial increase in the Virginia winter dredge
catch in l926-27, supported by the t 925 year class  Tab!e
ga. col �!. Success of the 1927 year class was detnon-
stra ed by substantia! increases in the Maryland 19'28
calendar year and fal! trot!ine catches  cols. 6, 12!.

Houston et al. �928. 1929! reported large nuinbers of
crabs in Virginia in the four fisca! years ending June 30,
1926 through June 30, 1929. Confirmation data are not
available: Virginia catch data for that period and landings
for the first thrcc years were e~ther not collected or had not.
teen published, A 67% increase in Virginia 1929 calendar
year landings of hard crabs over those of 1925, and a 250%
increase in Maryland was reported after a federal canvass
 Tab!e 7!.

interesting!y, when reporting on the status of the
Virginia crab fisheries for  he two years ending June 1926
and June 1927, those same Virginia comtnissioners  Hous-
ton et a!., !928! cominented that crabs were "not seen up
the rivers, creeks and coves today," because the crabs were
being taken "at the mouth of the rivers, the Bay or even the
capes" by more aggressive fishing prac ices. Whether the
increased intensity of crabbing within the Bay resut ted from
an absenre of crabs in lower saline river waters in Virginia,
perhaps for some environmental reason, or because there
was an economic advan age, cannot be deterinined at  his
la e date.

ln 1930, in studies inves igating possible causes of
heavy losses of oysters in Mobjack Bay and the York River
in the winter of 1929-30, Prytherch  ! 931! described
MobJack Bay as having a soft, sticky mud bottom, !ow DO
at the head of the bay, !arge concentrations of hydrogen
sulfide in the mud in the upper parts of the bay, and sma!ler
amounts nearer the mouth. He concluded that siinilar

conditions could have caused the death of oysters.
Probable conditions contributing to the dep!etion of DO
and production of hydrogen sulfide were the rainfall tn
October 1929, the largest on record at that time, and a
heavy snowfall in 5'ovember. These would have increased
stream flow, causing a heavy discharge of sediment, and
v ashing organic mauer into the bay. No deficiencies of DO
or accumulations of hydrogen sulfide were reported for the
York River.

There is no evidence that similar conditions existed in
Mobjack Bay or any Virginia rivers on the western shore in
19'6 or 1927 that would have encouraged watermen to
ai oid the river mouths and the bay, However. over at least

the last 40 years, oxygen deficient wa er has occasionally
f!owed south a!ong the western shore or from deeper
waters of the Chesapeake Bay into river mouths.

More recent descriptions of the dis ribu ion of crabs in
the Upper Chesapeake Bay are given by Mil!er et al. �975!,
who compared numbers of different crab sizes collected
from  ! ! Delaware Bay sites adjacent to the eastern end of
the Chesapeake and Delaware Canal, henceforth referred  o
as "Delaware Bay"; �! the "Canal;" �! Chesapeake Bay
sites adjacent  o the western end of the Canal, induding the
Elk River. and hereafter referred to as the "Chesapeake
Bay"; and �! in Tangier Sound.

Sampling was conducted in March, June, August,
September. and December 1971, and in March, June, and
August ! 972 at al! sites except Tangier Sound, where
sainpling was done only in August and December 1971 and
June and August 197'2. Crabs were tabulated as "recruit-
ment size"  sma! ler than 60 mm wide!, "growth" stages �0-
119 mm!, and "mature" stages  	20 rnm!.

Since there is a distinct difference between ichthyolo-
gists and some crustacean biologists in their use of
"recruitment" and "recruits," I will use  hose terms in

quotation marks, or refer  o crabs as "small" or by size
range. !vty definition of a "recruit" is one en ering a
commercial fishery; therefore. crabs <60mm are no 
"recruits," since peeler crabs are legally harves able at the
minimu.m size of 3 inches �6 mm!. "Pre-recruit" would be
an acceptable  erm for crabs c60 mtn wide. Crabs attaining
a width of five or more inches at the next molt would be
"recrui s" to the commercial hard crab fisheries.

My primary in eres  here is in  he distribution and
abundanceof the crabs�0mm wide. Pre-recruits were

collected in June, August, and September 197! in I!e! aware
Bay; June, August, and September 1971 and June 1972 in
thc Canal; in June, August, and September 1971 and
August 1972 in Chesapeake Bay; and in August and
December 1971, and June and August 1972 in Tangier
Sound. The distributions encourage speculation about
their origin, age, direction, and speed of trave! As stated
earlier. assignment of year class depends on crab size,
month, and site of collection.

Since salinities at the upper Delaware Bay sites frotn
August through November range f'rotn 3-8 ppt  Cronin,
1954!, similar  o those in Tangier Sound, and thc distance
from the eastern end of the Canal near Delaware City to the
mouth of De! aware Bay is similar to that of Tangier Sound
to the Chesapeake Bay mouth, migration rates over those
routes wou!d be expected to be similar. Crabs c 60 min at
Delaware City and in Tangier Sound probably represent the
same year class, although they originate from different
bays. Since 10-25 mm crabs may amvc in Tangier Sound by
late August or by mid-September in the year of the hatch.
similar sizes might bc found in the Upper Delaware Bay at
about the same tiine.



Conceivably, in subsequent ~eeks they would pass
the short length of the Canal westerly to the Elk River.
Since gro wth to 40-60 rnm is not attained in the Virginia
portion of the Chesapeake Bay until October or November
in the year of th» hatch, crabs in that size range caught in
August or September in any part of the bay are assumed ro
have been derived from a year class one year older.

To continue the speculation, migration frotn the mouth
of the Chesapeake Bay to the Elk River, a distance of about
two and a half times that from the bay mouth to Tangier,
was probably not complete by June or even as late as
September in the year of hatch, and crabs > 25 mm found at
the mouth of the Elk River in those inonths should be aged
as one year older than the year of collection. Continued
migration of the youngest year class upbay would place
them in the Elk River and possibly in the Canal in June the
year after the hatch, the areas "reinhabited" in the spring,
as Miller et al. �975} stated, which is consistent with
Truitt's �934! remarks,

However, as Miller et al. �975! suggest@i, migration
froin the mouth of Delaware Bay to the western end of the
Canal in the year of the hatch could place small crabs in the
Elk River area in August and September, When collection
dates, growth rates, and travel distances are considered,
possibly two year classes are represented in the size
frequency distribu ions of "recruitment sizes," up to 59 rnm,
shown for the Upper Delaware. Canal, and Elk R iver areas in
June, August, and September 1971  Miller et al., 1975, their
Fig, 3!.

The occurrence of "small" crabs in Maryland's Chester
River in September 1926 was considered unusual by Earle
�927! because it was their first appearance upbay any-
where north of Tangier Sound after a lapse of many years,
and none had ever been reported that far north. That the
migration to the Chester River in the year of the hatch may
not have been unusual was demonstrated by Hines et al.
�990!, who collected 10-40 mm crabs  modal size 25 mm! in
the Rhode River, Mary land, from September through
November, and similar sizes the following April, as shown
in average size frequency distributions from 1981-1988
 their Fig. 5!.

The Rhode River mouth is about 12 nautical miles SW
of the Chester River mouth. Not only is the distance
between those river mouths negligible, but migration
 transport! times could be considered nearly identical,
although flooding, when travel usually occurs, begins
earlier on the eastern side than the western side of the Bay.

Hines et al. �990, their Eig. 3! found the mean monthly
abundance of crabs larger in 1984, J 985, and 1986 than in
the other five years of the survey. When the histograms for
July 1984 and 1985  their Fig. 6! are compared wirh the
composite for July in their Fig. 5, it is clear that the S0-100
rnm size classes in July 1984 and 1985 were derived.
respectively. from the 1983 and 1984 year classes.

Similar comparisons denionstrate that crabs larger than
100 min in July both years were derived trom  he older year
classes of 1982 and 1983. Since it is common for an
unknown number of individuals to be the progenv of a la e
hatch that did not mature until thc sprin of the third year, a
percentage of the July 1984 and 1985 crabs in the >100 mm
size range may have been derived t'rom year  : lasses 1981
and 1982. Year class assignment is necessary when the
effects of biotic and abioiic factors of ihe environment on
the success or failure of a year class are being considered.

Seasonal river discharges in 1926-26 and 1926-27 were
dissimilar. Summer flows in 1925 were among rhe tive
historical lows, tavorable for strong yearclass devetopment,
but were above average in 19 6, except in the James River.
Spring flows were low in all rivers in 1926. but high in 1927
in two rivers, and low in the James  Tables 12-13, 18!.

Since seasonal spring flows and precipitation in 1926
werc below the means, resulting in higher salinities upriver
and upbay, extensive juvenile crab migration to Upper Bay
areas could have occurred; however, other and smaller

spring flows occurred in earlier years that could have been
favorable to upbay migration or trurisport, but were never
reported  Tables 10-13!.

Air temperature and CDD were lower in May 1925 than
in 1926  Table 10!, but SWTs at Baltimore in May 1928 and
1926 were not significantly different. They were above
60'F, but only sightly below the long-term mean  Table 9!,
suggesting that those temperatures were neither depress-
ing nor stimulating development of the reproductive
system. To conclude, the occurrence of "smail" crabs did
not guarantee a strong year class, evidenced by the small
Maryland yearly and fall trotline catches in 1926 and 19'27
 Table ga, cols. 6, 12!. Since construction of the Conowingo
dam on the Susquehanna River did not begin until March
1926 and was not completed until 1928, and the Chesapeake
and Delaware Canal was not converted to an unobstructed
waterway until 1927, no effects from those projects could
have altered river or canal discharge in 1928 or 1926.

Thc most dramatic rise and fall of catch and landings in
any of the first 60 years ol' the Bav blue crab fisheries is
documented by the Maryland yearlv and fall t roti inc
catches from 1928 through 1933  Table Sa. cols. 6, 12! and
total bay landings from 1929 through 1933  Tables 2. 7; Fig.
5!. Prior to 1926.hardcrabs werescarce in the Bav, rivers.
and creeks draining the eastern s? ore of the Bay nortii of
the Little Choptank River and on the western shore north of
the Patuxent River, and crab fisheries farther up the Bay
were nearly abandoned  Earlc. 1930!. The 1929 migration of
hard crabs extended as fiir north as Chesapeake Ci tv on the
Elk River, the farthest observed for "iw enry years"  Earle.
1930!. Maryland's yearly and fall trotline catches more than
doubled from 1927 to 1928. That trend continued to a peak
in 1930, but then began declining to � e pre-1928 catch level
by 1934  Fig. 3!. The catch of hard crabs increased by 30~r
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in 1929 over that of 1928, and by nine % in peelers  Ear le,
1930} Bay landings in 1929 v ere double those of 1925, 75q
produced by trotlines.

From 1930-31 through 1933-34. landings did not follow
the same trend as catches  Fig. 5!. The continued, and
striking, migration of crabs to the Upper Bay  Earle, 1931!
resulted in an increase in landings of 25% in 1930 over that
of 1929  Tables 2,7!, which was ref!ected in the large yearly
and fall trot line catches in Maryland  Table ga, cols. 6, 12;
Fig, 5!. Nearly the same high level of landings was main-
tained through 1933  Tables 2,7!.

Unfortunately, other than winter dredge catch reports,
no independent surveys were made in Virginia from 1927
through 1930 that might have documented whether similar
or different trends in catch by other gears occurred. Winter
dredge indices tripled from 1926-27 to 1931-32, the latter
supported by the 1930 year class  Table gb, cols 14, 16-17!.

The yearly and fall Maryland trotline catches from 1928
through l933 were supported by year classes 1927 through
1932, while the dredge catches from December 1926 through
March 1927, and the three years from December l�93-
1>farc 1932 through December 1933-March 1934 were
primari! y derived from year classes 1925, 1930, 1931, and
1932; no dredge data were collected from December 1927
through March 1931.

Since no federal census of the fisheries was made in
1928, the success of the 1927 year class can be estimated
only by the independent surveys of catch by Cronin �944!,
the Maryland Department of Research and Education
�955!, and Pearson �945!, We can infer from thc hrge
calendar year landings that year classes 1927 through 1933
were larger than any previously experienced. Federal
reporting of landings by month did not begin until 1960 and
has been continued by Virginia at that frequency, allowing
for approximation of Biological Year landings, but published
reports from Maryland have recently ceased.

Migration of "small" crabs into Maryland waters after
1927 had no  gone unnoticed or unreported. for many had
been seen by November 1 in 1929 and 1930  Earle, 1930,
1931!, although their location was unfonunately noi
reported. Because small crabs had not been reported in
Maryland in 1928 does not mean they had not occurred, but
the omission denies the opportunity of concluding that
there were consecutive year classes penetrating Maryland
waters since 1927.

The decline of Maryland yearly and fall trotline catches
beginning in 1931 and of the Virginia dredge catch begin-
ning in the winter of 1932-33  although the latter may have
started its decline earlier!  Table 8a. cols. 6, 12, 14, 16-17!,
and the decline in the number of Virginia licenses  Tables 5,
15-16! are inconsistent v 'ith ihe relatively hi gh le vel of
landings persisting through 1933  Tables 2. 7!. This
comparison emphasizes the uncertainty as to which data
sets. landings or catch, represent the better esiiinaie of the
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real availability of crabs, or whether either one does. Effort
da a are least likely to be incorrectly reported by the states.
although their recording of only the revenue derived from
license sales has led me to errors in conversions to num-
bers  Tables 15-16!.

Foll owing the six-year comp! ete ban on sponge crabs
in Virginia beginning in 1926, a reversal of the ban was
enacted in 1932, permitting both capture and possession,
from April 1 through June 30. This was done to satisfy a
mounting consumer demand for crabs and crab meat, which
could be partly supplied by sponge crabs, and because
sponge crabs were interfering with the catch of hard crabs
by Virginia trotline fishermen  Armstrong et al., l932;
Commonwealth of Virginia, 1932; Earle, 1932a, Pearson,
1942!. Presumably sponge crab protection continued for
the remaining months of each year, i.e., after June 30, since
no other alterations of the 1922 and 1926 1 aws were made.

Maryland lobbied in vain against the three-month open
season  Earl e, 1932a!. Pearson �942! stated that the law
was changed for economic, not conservation reasons, and
added that protection of sponge crabs in July and August
was of questionable conservation value because "ambigu-
ous and poorly drafted laws have prevented effecti ve
enforcement"  Pearson, 1945, p. 4.!, He did not elaborate on
his comments.

Maryland commissioners reported a "bountiful" and
"quire plentiful" supply in 1932 and 1933, which slightly
exaggerates the catches cited by Cronin �944!, the Mary-
landd Departinem of Research and Education �955!, and
Pearson  l945!  Tables Sa-b!. A marked decrease followed
in 1934  Earle, ]93'2a, 1932b, 1933, 1935!. Hard and soft
crabs remained abundant in Virginia from 1930 through June
1932, with 1930 catches the "largest of any vear on record"
 Armstrong et al .. 1932; Tables 2, 7, 8a!.

An abundance of "baby" crabs was seen in Virginia in
the springof 1931 Chinn et a!., 1931!, which. because of the
season of occuirence, are assumed to have been  he
progeny of the 1930 year class, since development to a
small crab stage could not possibly have been attained
under the best of circumstances before late July or early
August, and not until early September in average years.
Although the 1933 hard crab catch in Virginia was reported
ample, soft crabs were not in large supply  Table 2; Kel 1am
et al., 1934!. Undoubtedly. the destruction of boats and
gear during the August 1933 storm and the necessary shift
to other gears  Tables 5, 15-16! were responsible for a
substantial portio~ of the decline of landings in 1934 and
1935, and perhaps in 1936  Tables 2, 7!.

A Refrosyectiots ots Cottditinns Occurring
From 1928-1934

Three groups of factors, separately or in combination,
that may have affected year class strength and subsequent
catch and landings from spring 1928 through March 1934.



are ou! lined in sections a 1-a3. h I-b10 and c I-c3 following,
and then in detail. Additionally, the accuracy wi h which
any or all of the data were collected, analyzed, interpreted,
or recorded cannot be assured.

Section a 1-a3: levels of success in reproduction, i.e..
year class size and the total size of the crab population;
laws and regulations affecting  he catch; and the distribu-
tion of the stock throughout the Bay and its tributaries.

Sectionbl-b10: biotic and abiotic factors of the aquatic
and atmospheric environments, and some socioeconomic
factors.

Section c 1-c3: imensity and diversity of fishing effort.

Factor  a 1!: The principal contributors to catch and
landings from 19'28 through March 1934 were the large
year classes from l927 through 1932. It can be
correct!y argued  hat the 1926 year class contributed a
small amount to the spring and early surnrner 1928
trotline landings  Tables 2, ga. col, 12!; however, that
year class wo~ld not have been involved in the fall
1928 trot line cate h.

 a2! What is the relationship between sponge crab
pro ection and year class strength from 1926 through
March 1933? Following the four years �922-25! during
which sponge crabs were protected from June 15-
August 31, for the next six years, 1926 through 1931,
capture and possession of sponge crabs were prohib-
ited throughout the year in all Virginia waters. A
reversal of the total ban was enacted in 1932 so that

catch and possession were permitted for three months
each spring  through June 30! to satisfy mounting
consumer demands for crabs and crab ineat, and
because sponge crabs were interfering wi h the catch
of hard crabs by Virginia trotline fishermen  Armstrong
et al.. 193'2; Commonwealth of Vvginia, 1932; Ear le,
1932a. Pearson, 1942!,

Presumably sponge crab protection continued the
remaining months of each year, i.e., after June 30, 1932,
since no other alterations of the 1922 and 1926 laws
were made. Maryland lobbied in vain against the
three-month open season  Earle, 1932a!. As previously
noted, Pearson �942! stated his objections to the new
law.

Since, in recent years, the number of sponge crabs
has usually been low until middle c r late June. and
assuming that the same condition existed in the early
1930's, the impact of the open season on reproductive
potential of a 1932 year class was probably minimal. In
substance, the total ban from 1926 through 1931, if
enforced, could have permitted protection of a large
brood stock, which. given other favorable biotic and
abiotic conditions, could have produced several
successful year classes of crabs,

 a3! Relatively large indices of fishing success. which
correctly or not are assumed to be high lv correlated
with vearclass strength, are shown tor Maryland yearly
and fall trotline catches from 1928 through 1931 �928-
29 through 1931-32, Tables 8a-b, cols. 6, 12!, and
Virginia dredge catches from 1931-32 through 1933-34
 cols. 14, 16!. That they show markedly similar trends
adds  o their credibility as representine. a common Bay
stock, probably accompanied by similar levels of
fishing effort and catchability in both states. Dredge
data are not available for the earlier years. and scrape/
dipnet data are not available for any of those years.

 b1! Whether submerged aquatic vegetation  SAV!,
particularly eelgrass  Zosrera marina!, as well as
marshes and unvegetated sand/mud flats in Chesa-
peake Bay and its tributaries are required to maintain a
healthy blue crab population is still being investigated,
but they are geneially considered important habitats
for growth and development of different life history
stages. However, they may not be of equal value,
Occupancy, biomass, and secondary production of
juvenile crabs on an unvegetated sand bottotn from
October 1980 through June 1981 at a site on the north
side of th» York River mouth was one order of magni-
tude lower than on an adjacent vegetated bed {Penry,
1982!.

Decimation of eelgrass in the Bay in 1931-32 was
originally only verbally described  Kemp et al., 1983!.
Its geographic limits in 1937 were determined when
aerial photographs were examined  Orth and Moore,
1984! and compared with anecdotal information from
1931-32. Where eelgrass, the dominant species, had
formerly ba:n dense, only patches or less dense areas
remained in 1937, but soine recovery apparently had
occurred in the intervening five to six years. Bay
landings began to decline in 1932, and by !934 were
only 62% of 1931 landings; not until 1947 v ere 1931
levels attained.

I andings per unit of effort  CPUE! by Virginia
unirs of tcol line. hard crab scrapes, winter dredges,
and number of vessels and boats dropped in 1934.
Maryland rrotlines and hard crab scrapes dropped in
1934 also; however, CPLE of soft and peeler scrapes
increased  Van Engel and Harris, 1983!.

While the almost immediate d=cline in landings in
1932 attests to the dependence of blue crabs on SAV,
the later fall might also be attributed tc the historic
storm of August 23, 1933. Boats, gear. docking
facilities, and processin plants «ere destroved in the
storm Daily Press, 1984!, substantial!y reduciiig
fishing effort that year, with no recovery by 1934 and
slow replacement in later years.

The storm caused the shifting nf bottoms,
undoubtedly resulting in the d!spiacement of the stock
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to areas usually unfished. A long time elapsed before
successful fishing resumed, lt is possible that the
stortn destroyed most of the 1933 year c! ass. then
present as zoeae, megalopae and small juveniles, as
welf as much of the 1932 year class present as juveniles
or adults, resulting in very small catches in 1933 and
1934. Under those circumstances, it is difficult to
perceive landings volumes as large as those reported.
Possible effects of that storm on SAY have not been
reported, to my knowledge.

A major decimation of SAY was reported in 1972,
presumed to have been an effect of Tropical Storin
Agnes  Chesapeake Bay Research Council, 1973!, but
a!so attributed to a decline that had slowly developed
since the mid-1960's  Kemp e  al., 19&3;Orth and

oore. 1984!. The June 19-23 storm was first reported
to have had no noticeable effect on crab survival, but
there was an abrupt translocation of crabs downstream
that lasted about two weeks.

Following an abrupt decrease in total Bay landings
in 1973, landings from 1973 through 1980 never
attained the pre-1972 levels  Van Engel and Harris,
1983!. Whi!e the loss of Zostera beds on which crabs
are dependent has been considered the principal factor
effecting the decline, other compounding factors such
as siltation covering food supplies or the inortality of
breeding stock, juveniles, and larvae may have been
partly responsible. The choice of alternate habi tats
such as marshes has not been confirmed.

Storm losses of gear and changes in preference for
gear types, some of which began i n 1970, further
obscure causes of changes in Bay landings. Later
consequences of the storm or gear changes cannot be
determined from available records,

 b2! Documentation of abiotic factors in the aquatic
environment and of climate variables in the rnid-1920s
and early 1930s is limited, Severe winter storms over
the bay were rare, occurring only in november 1929.
Mean statewide Virginia and Maryland air temperatures
and SWTs in May and June at Baltimore remained
above 60 F �6'C! in all years, although in some years
they were s!i ghtly below the long term means  Tab!ca
9-10!.

Egg extrusion inay have been normal but not early
in most years, and hatching rates slow until rnid-June,
after wh ich hatching could have occurred in 10-14
days, Although it was suggested that very cold
weather during the last 10 days in Apri! 1931 caused
the delay in the usual spring soft and pee!er catch in
Tangier Sound by retarding the deve! opment of crabs
 Conserva ion Department of Maryland, 1931!, there
was no departure of SWTs from the Apri! mean at
Baltimore, and only a small departure in June  Table 9!,

 b3! Cooling degree days  CDD! during May in the year of
the hatch had the highest single carre!ation, 0,59%  r'!,
with subsequent hard crab landings, and were used in
a multiple correlation analysis that explained 86%  r'! of
the variation in commercial hard crab landings one and
a half years later, from 1964 through 1975  Van Engel
and Harris, 1979!, It was assumed that the results of
the study were applicable to other time periods, At the
time of the study, sources of SWT data had not been
located, and CDD were used as a surrogate.

In the yearclass years 1926-34, the relationship
between CDD and SWT at Baltimore appears curvil in-
ear  no regression was computed!. Over that period,
there are simi!ar trends in CDD. SWT, and the indices
of catchability in the same year for most, but not all
years � not one and one half years later as demon-
strated in the multiple correlation analysis. A major
departure occurred in 1933 when there was an inverse
relationship between catch indices and CDD, which
cominued through 1934. The large, positive depar-
tures of CDD and SWTs in 1933 could have been
favorable for the production of a very large 1933 year
class,

 b4! Severe drought in the Bay area occurred fram early
1925 through mid-1926 and in 1930  Earle, 1931; Table
1 I!. May precipitation in the region in six of the years
between 1923 and 1930  Table 10! was less than the 50-
year {1891-1940! Virginia long-term incan of 3.71 inches,
with four of those in consecutive years 1925-28, In
seven years, lvfaryland had less than the 46-year mean
of 3.50 inches; thc six years from 1925-30 were con-
secutive. The latter rainfall deficit, accompanied by
small discharges, occurred frotn March through May
from all three rivers in only four years � 1923. 1925,
1926 and 1930 � but was reflected as low discharge
only from the James River in 1927 and 192 &  Tables 12-
13!.

Those smafl spring laws would not have been
favorable to the development of juvenile stages of year
c! asses 1924-27, 1929-31 and 1933, The extreine
deficiency ofrainfall in 1925.13 inches below normal in
Virginia  February-September, inc!,!, 6.96 inches below
normal in Maryland  March-September!, docuinented
the driest growing season on record to that date  U, S,
%feather Bur '.», 1925!. March-May discharges from
the Susquehanna and Jatnes rivers in 1925 were among
the five historical ! ows  Tab!es 12-13!,

 b5! Theoretically, a very large body of warm, high-
salinity water from mid-June through August in the
southern end of the Bay where water from all the rivers
and the Upper Bay converge, would be conducive to
hatching and growth of zoeae and their metamorphosis
to rnegalopae. Low f1ow through October would also
increase the probability of retention of those stages
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within the Bay. In winter and spring, since juveniles
arc found in the low salinity portions of each of the
rivers and in the Upper Bay, the degree and quality of
support of juveniles would vary widely as a result of
their differing watersheds,

The frequency with which low summer flow is
associated with hrge yearclass success, whether or
not it is followed by a high spring flow, suggests that
low summer flow is the more important factor; however,
no definition of "favorable" low or high flow for any
season has been statistically demonstrated. Combina-
tions of summer high discharge with either a spring low
or high, considcrcd to produce an unfavorable aquatic
environment for development through the early crab
stages, werc characteristic of all river discharges from
1927-28 through 1929-30, except for a summer! ow/
spring! ow from the Susquehanna River in 1929-30
 Tables 12-13, 18!.

Outflows from all rivers from 1930-31 through
1932-33 probably established favorable environrncnts
for all life history stages. However, spring flows were
so small in 1930, 1931, and in one river in 1932  Tables
12-13, 18!, that they might have contributed to exten-
sive migration upriver and upbay, resulting in crowded
habitats, food shortages, and cannibalism.

 b6! Blockage of the Susquehanna River by the Holtwood
and Conowingo dams is reported to have af'fected
migrations of shad and river herring, resulting in the
subsequent decline in those species' stocks in
succeeding years  Pers. comm., R. St. Pierre!. Juvenile
male blue crabs, but not females, migrate to fresh
waters in the upper reaches of Virginia's rivers  Van
Engel and Wojcik, 1957! for further growth and
development, but thc relative success of a year class is
probably not affected by blockage of migration to fresh
waters in Virginia or Vfaryiand because of the low
number of males usually involved. However, blocked
migration of males and females to fresh water nursery
grounds in other geographic regions, e.g.. Lake
Pontchartrain, Louisi anna, might prevent the develop-
rnent of juveniles of a valuable stock if no other
nursery grounds were available.

 b7! Could construction and/or operation of dams nearest
the mouth of the Susquehanna River have affected
water volume or sediment discharge during the 1926-
1933 water cycles? Resolution of that question
requires knowledge that is not available for that period:
of construction plans and timing of work, measure-
ments or estimates of the concentrations of coarse and
suspended sediments and where they were deposited,
and potential effects of the altered state of the bottom
on blue crab distribution and abundance. Onc
possible approach is to exami ne other concurrent
events as well as some occuning in later years.

Construction of the Conowingo dam began in
March 1926. a few months before sighting many small
crabs near the Chester River in Maryland. Since thc
Susquehanna spring water discharge in 1926  l925-26
water cycle! was iow  Tables 12-13!, sediment di s-
charge would have been unusual ly low, and alterations
of the bottom in the upper ~M-30 km of the Bay would
have been minimal. As well, water year discharges
werc below the 60-year mean of 34.430 cfs in five of
seven years from 1919 through 1925  Table 12!.

The absence or scarcity of juveni! e crabs in the
upper bay prior to 1926 cannot be explained by any
major alterations of the bottom or increases in turbidity
resulting from the Susquehanna River flow, While
construction was continuing in 1927 and early 1928,
coarse sediment discharge may have decreased
substantially and may have ceased by March 1928
when thc darn was completed.

Sightings of hard crabs of the 1928 and 1929
Chesapeake Bay year classes, in the Elk River in
November 1929 and 1930, occurred after the completion
of the Conowingo darn, While there was no water
discharge between 1800 and 0800 during the week,
discharge was routinely allowed at 0800 hours every
day except Saturday and Suttday  Pcrs. comm., R. St.
Pierre!. Whether any coarse sediment was discharged
then is unknown. Susquehanna outflow in the spring
of 1928 was only slightly above average, but spring
1929 outflow was the third largest between 1892 and
1944,

Although no estimate of suspended sediment
discharge from all sources f'rom March through May
1929 has been made, it might have been similar to that
depositetl in later storms, Mean annual depos'rts of
sediment from suspended clays and silts in the upper
25-30 km of the Bay in normal years is about 0,7 crn,
which is reworked and redistributed by tidal currents
and wind waves thc rest of the year  Schubel and
Hirschberg. 1978!. While deposi ts in rhe Upper Bay
from all sources caused by Tropical Storm Agnes in
Junc 1972 ranged frotn 15 30 cm  mean 15 cm!, larger
deposits in the upper bay resulted from the runoff in
March 1936 from two successive storms plus melting
of deep snow  Schube1 and Hirschbcrg, 1978!.

Assuming that deposits in the Upper Bay from the
spring 1929 Susqueharma outflow pl us materia! from
other Upper Bay sources were similar to deposits in
later years, ~ajor alteration of the bottom and of the
benthic community must have occurred, yet such
changes did not obstruct thc northward migration of
some juvenile crabs to the Elk River area. and appar-
ently did not affect abundance of the 1929 year class.

Neither the Conowingo darn consuuction schedu-
lec nor thc amounts of coarse or suspended sedirr ent



discharge appear to have any relationship to thc
successful production of the 1926 through 1929 year
classes, the sightings of juvenile crabs in thc upper
bay in August and September 1926 and 1927, or of hard
crabs by November 1929 and 1930,

 b8! Following the conversion of the Chesapeake and
Delaware Canal to an unobstructed waterway in 1927,
freer movement ofbrackish water species between the
Chesapeake and Delaware bays was possible. Only
minor increases in salinity over short distances in thc
extreme northern end of  he Chesapeake Bay were
expected to result frotn diversion of Bay water to the
east  Cronin et al., 1976!, Minor salinity changes could
not affect normal distribution patterns or development
of the Chesapeake Bay stock of blue crabs.

lt is conceivab! c that some of the crabs seen in the
Chester River area in August and September 1926 and
1927, but particularly those scen in the Elk River by
November 1929 and 1930, had migrated from Delaware
Bay westward through the Canal. Miller et al., �975!
concluded that recruitment to the Chesapeake Bay
through the Canal seemed of little significance.

 b9! While Maryland may have encountered more competi-
uon in sales of crabs and crabmeat as a result of the
1932 Virginia law regarding sponge crabs, none of the
sponge crabs could have been legally transported into
Maryland � that state's 1916 prohibition of capture and
possession of crabs with "visible eggs" at any tirn» of
the year was not changed until thc early 1940s.

 cl! The number of Maryland's all-inclusive "crabbers"
licenses rernaincd relauvely low and constant from
1926 through 1929, then substantially increased in 1930
and 1931 Tables 5, 17!. There is adirectrelationship
bctwcen thc phcnornenal increase in the Maryland
yearly and fall trotline catches from 1928-30, their
subsequent decrease  Table 8a, cols. 6, 12!, the
exponential increase in Maryland's landings  Tables 2,
7!, and the number of crabbing licenses.

How the federal government obtained Maryland
trotline liccnsc data for 1929 and 1930 was never
described. although it could have been by personal
contacts: specific licensing of uotlines in Maryland
was not required until 1931, to tny knowledge  Table 5!.
Virginia 'crabbers" licenses, which included the
ordinary trotline, continued to decrease from 1928 to
1933  Tables 5, 15-16!, reflecting an inverse relationship
with landings from 1929 through 1931  Tables 2,5, 15-
16!. Differences between federal and state licensedata
 Tables 5, 15-16! arc largely because of different
reporting periods: calendar year by federal agencies
and fiscal year by state agencies.

 c2! Total landings and landings by specific gears remained
high through 1933 and did not substantially decline
until 1934  Tables 2,7!, but Maryland's yearly and fall
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trotl inc catches slowly declined after the 1930 peak
 Table ga, cols. 6, 12!, again showing a difference
between catch and landings  see paragraph c 1, above.
for a discussion of fishing effort!. The slow decline in
indices of catchability and little change in crab
landings are in contrast with the abrupt decimation of
eelgrass in 1931-32. This suggests that either alternate
habitats, possibly with more dependence on tnarshes.
were quickly chosen by bloc crabs during that period,
or that censusing methods were inaccurate.

 c3! The stock market collapse and the economic depres-
sion of the early 1930s drove men to seek jobs that
entailed linle or no expense. which presumably led to
an expansion of the Virginia and Maryland crabbing
industries and increases in sales as well as greater
public fishing effort for personal and local consump-
tion of crabs and crab meat. The decrease in tro linc
and scrape licenses and the shift to dipnets in both
states in 19931 and 1932 was probably an attempt to
avoid paying license fees  Van Engel and Wojcik,
1965b!.

Summary of Retrospectiou

Conditions tha  may have increased stock size and
improved fishing success from 1927 through 1930 inciuded
�! increased protection of the spawning stock of adult
females; �! warm SWTs in 1927, 1929, and 1930, which may
have promoted timely development of the reproductive.
system in preparation for egg extrusion, carly egg extrusion,
and embryonic growth, and set thc stage for production of
strong year c! asses; �! warm aquatic environments in May
and June 1929 and 1930 that may have permitted earlier and
faster feeding and growth rates, which resulted in larger
stocks more immcdiatcly available for harvesting; �!
seasonal river discharges from the James River in 1926-27,
from the Susquehanna in 1929-30, and from all three rivers
in 1930-31 that were favorable for ~growth and survival of
zoeae, megalopac and juveniles; and �! suitable substrate
for protection and nutrient source.

Conditions not favorable for growth and survival of
carly life history stages were �! large ri ver discharges fi orn
the Susquehanna and Potomac in the summer of 1926-27,
large summer discharges from all three rivers in 1927-28 and
1928-29, and from the Potomac and James rivers in 1929-30;
and {2! cool SWT in May and June 1928. There are no
statistics on transport mechanisms for that period of titne
that might have either ensured thc retention within the Bay
of a substantial portion of the megalopae and juveniles, or
the reverse transport of megalopac and juvcni]cs from the
continental shelf to thc Bay, both of which are presumed to
have impact on the Bay fishable stock size,

Further, the slow decline in catch and landings from
1931 to mid-1934 couid have been the combined effects of

�! seasonally average SWTs that permitted normal egg



that Virginia's landings were greater than those for many
previous years  Duer et al., ! 936! differ substantiallv from
thc stnaller landings in federal accounts and by indepen-
dent investigators  Tables 2, 7, 8a-b: Fig. 5!.

If total Bay landings from 1934 through 1939 are
measures of yearclass strength, then each succeeding year
class from 1933 to 1938 was stronger than the previous one
 Table 7!. However, there are unexplainable differences
between the two states' landings from 1934 through 1936
 Tables 2, 7!: Virginia total hard crab landings fell slightly in
1935 and quickly recovered in 1936, while Maryland
!andings plummeted in 1934, recovered slightly in !935, and
fell again in 1936, principally in the trot!inc lardings.

The sequence of support fi om each year class was
disrupted, either environmentally, biologically or by
methods of collection and/or calculation of landings: while
Maryland landings in 1937 were smaller than in 1938, the
difference could have resulted from fewer Mary!and trot!ine
licenses the first year  Tables 5, 17!. Gear usage, which
changed between 1930 and !934 because of the economic
depression and the August 1933 storm  Tables 5, 15-17!,
slowly reverted to tnore efficient gear types after 1934 as
evidenced by the decrease in dipnet licenses and the
increase in trot!inc and crabbers' licenses m Virginia  Tables
5, 15!, and the increase in scrapes and trot!ines in Maryland
 Tab!es 7, 17!.

Severe winter storms occurred from ! ate January to
early March 1934 and from late January to ! ate February
1936  U. S. Weather Bureau, 1897-1939; Duer et al., ! 937!.

reflected in the large negative departures of SWTs at
Baltimore  Table 9!. In both years, ice in the river~ and on
the Bay was considered the v orst since 1917-18  U. S.
Weather Bureau, 1897-1939!. Crab mortalities tho~e winters
were cited by Virginia cotnmissioners  Armstrong, 1937!,
but Maryland cotnttussioners noted only the winter' s
severity, Cooling dcgrce days  CDD! were high in May and
June in all years from 1934 through 1939, except 1935  Table
101. That pattern was reflected in the May posiuve.
departures of SWTs at Baltimore, except in 1934 and 1935
 Table 9!. Fewer CDD and !arger negative departures from
the SWTs at Baltimore in May 1935 would have provided
unfavorable conditions for early egg extrusion and embry-
onic development of the 1935 year class, which would
support the 1936-37 catches. Catch and indices for
scrapesfdipnets and the yearly and fall trotlir:es were
substantially lower in 1936  Tables 8a-b; Fig. 5!.

Seasonal discharge cycles least favorable for roeal and
mega!opal development occurred betv een 1935-36 and
1937-38 from all three rivers, with high summer f! ow s in the
three ri vers {historically hi gh in the Potomac and James in
1937-38!, and !ow winter/spring flows in the three rivets in
1937-38  historically low in the Susquehanna and James;
Tables 12-13!. The episodic floods of the Susquehanna,
Potomac and James rivers in March 1936  Speer and

product.ion and embryonic development of zoeae. and
seasonally normal feeding and powth rates for juveniles in
1931 and 1932, demonstrated by the insignificant depar-
tures of SW1' at Baltimore; �! an inhospitable aquatic
environment expressed in small spring riverdischarges from
1930 through 1932, and in 1934 that neither enhanced
growth nor improved survival of juveniles; �! decitnation
of SAV beds in 1930 and 1931 that removed protection and
nutrient sources; and �! the biological, social, and eco-
nornic effects of the August 1933 hurricane.

Although sponge crabs were protected year-round
through 1931, that alone did not ensure the production of a
strong catch in 1932 and 1933. Environmental conditions
on the continental shelf in the fall in those years, which
may have interfered with or enhanced the return transport
of rnegalopae from the continental shelf to the Bay, have
unfortunately not been studied for any year between 1880
and 1940,

Conditioas Qccurrftsg from 1934 Through 1941

In 1934, Virginia reversed the 1932 three-month spring
open season on sponge crabs and prohibited the catching
of sponge crabs fram the end of the dredge season  March
31! through June 30  Commonwea! th of Virginia. 1934!. This
arnendrnent was ill-conceived, for it became logistically and
econornica! ly difficult for commission boats to patrol the
lower bay day and night. However, the concept of protec-
tion eventually led to the cstablishrnent of a Lower Bay
sanctuary several years later.

The plummeting Virginia catch and ! andings in 1934
 Tables 2, ga. cols, 14, 16! proinpted the Virginia Commis-
sion in 193S to c! ose the last two weeks of the April 1- June
30 open season on sponge crabs. Because of the almost
continuous, subsequent decline in catch  except for small
increases in 1936! the season was shortened one to four
weeks morc. from 1936 through 1938. Sponge crab protec-
tion for the remainder of each year was unchanged. As
stated earlier, those changes would have had minimal
impacts on the. size of any of the breeding stocks since
sponge crabs are usually rare before mid-June in most
years.

A second, though Jess dramatic, rise and fall of Bay
landings similar to that from 1928 through 1934 occurred
between 1935 and 1941, with an abrupt drop in 1940 and
1941  Tables 2,7; Fig. 5!. Small landings were echoed in the
1940-41 spring and fa! I Maryland scrape/dipnet and trotline
catch, but are better shown by the indices that compared
catch by week; Virginia's dredge catch remained almost
constant  Tables ga-b!.

Virginia commissioners' comments in 1934 and 1935
were limited to noting the large supply of "small" crabs at
the end of June 1935  Kel 1 am et al �1935 a, 1935b!. and in the
!at ter part of August 1935  Duer et a!�1936!. Reports that
the 1935 Maryland landings were over 22 M pounds and



@ambi e. 1964; Tice, 1968!  Tabic 14! ha c been reported to
have had discharges volumes for the Susquehanna and
Potomac rivers larger than in any preceding year and morc
than recorded for Tropical Storm Agnes in Junc 197
 Schubel and Hirschbcrg, 1978!.

A low catch by scrapesldipnets and yearly and fall
trotlines in Maryland in 1936, based on CDD and river
discharges, would have been accurately prcdicled, while a
low summer/fall and winterlsprrng catch forecast for 1938-
39 would have bccn inaccurate when based solely on
discharges  Table Sa!. River runoff from the pat omac,
James, and possibly the Susquehanna rivers in the 1934-35
and 1936-37 cycles would have been most favorable for
development of successful year classes: the Susquehanna
discharge those years was suitably low in summer but
lower than the mean in spring  Tables 12- 1 3!.

Catch and landings in 1939-40 were higher than any
since 1932-33, but declined precipitously in Maryland in
1940 and Virginia in l941 to a Bay total catch similar to that
of 1925  Tables 2,7,8a-b; Fig,5; Mapp etal�1941!. A
moderately strong 1938 year class was evident in thc two
1939 Maryland scrape/dipnet indices  Table Sb, cols. 2-3!,
and the yearly, fall, and fa IUspring trotl inc indices  cols. 6,
15a-d. 12!, but was only moderately expressed in three of
thc fow Virginia dredge indices  cols, 13-14, 16-17!.

Pe arson's �945, 1948! dredge indices  Table gb. cols.
13, 14! were based on two different sets of c atc h data.
whereas mine werc calculated frotn onc set of data by two
different methods, Pearson �942! reported decl ines in
another set of individual drcdgc boat catches. 13 to 41%
from 1938-39 to 1939-40, with the largest occurring in
December 1939. Hc concluded that the decline was
probably because of overfishing prior to December, and
that tnore weight should be given to the 1939-40 indices
 Table 8b, cols. 13-14!.

It was extreme!y cold from Decctrsber 1939 through
January 1940, with January reported as the coldest �2.4'F}
in Maryland since 1918, a departure of'-10.8'F from normal
 U. S Weather Bureau, 1939, 1940, Pearson. 1942!. Tributar-
ies of the Bay and thc Upper Bay werc frozen derring
January, with a 32.~ mean 8WT at I3altimore with a deficit
of  .6, making it the lowest since 1918  Table 9!.

From January 16-20, the Lower Bay was frozen over or
filled with ice. Despite reports by fishermen of numerous
dead adult crabs of thc 1938 year class  possibly in; luding
larger. iintnature crabs of the same class and a few older
adults! found in dredging areas, pe arson �942! concluded
that the four-mon h decline in thc dredge catch  Table ga,
col. 13! was probably "not due ent ircly. if at al!" to the cold
winter. This opinion supports the earlier success of fishing
on the 1938 year class, but dismisses the iriortalit ies
observed in the dredge fishery.

Abrupt declines in landings and catches by all gears
were reponedin 1940 and 1941  Tables 2. 7. ga!. Small

t otline catches of mature hard crabs in May 1940  Tables
ga-b, cols. 12, 15a b, the yearly fisheries of 1940-41!, which
should have been supported by the 1938 year class, and
soft crabs and peelers that were from a late h~tch in l938,
were believed by some watermen to have resulted from the
cold winter and to subnormal ~WTs and excess rainfall in
May  Tab es 9-10! that could have inhibited movement,
feeding and growth  Pearson. 1942!. Departures from mean
SWTs at Baltimore ranged from -4.6'F  o -1.9 F from January
thraugh May 1940.

Warm air and SWTs in May and June 1939, and
presumably ideal sutniner and spring discharges in the
1939-40 water cycle should have favored production of a
successful 1939 year class  Tables 10, 12-13!, Factors that
may have interfered with thc development of  he year class
or its survival to 1940-4l are presently unaccounted for, but
the plummeting of catch and landings could have been
caused by the dec linc in. stock size resulting from the
severity of the 1939-40 winter, and possibly the loss of
fishing effott at the start of WWII.

Licenses in 1939 and 1940 varied by state and gear
type  Tables 5, 15-17!, perhaps because trotl inc fishermen
began switching to the use of wire pots for hard crabs, and
crab pound nets had been introduced for taking peeler
crabs and werc replacing crab scrapes. In the early years of
their use in Maryland, wire pots werc sametimes called
traps; crab pound ne s were called fykes or traps in Virginia
and Maryland. Numbers of potters, pa ts, trappers, and
traps  for crab pounds!  Tables 15-17! arc cited, but not
their catch.

Crab landings and catch ptummctcd in 1941 and the
winter of 1941-42 to levels not reported since 1925  al-
though they may have occurred in thc non-census years
1926 and 1927!  Tables 2, 7; Fig, 5!, with the excepuon of
onc scrapcldipnct index  Table gb, col. 2!, Pearson �942!
concluded that ovcrfishing in 1939 lcd to the decimation of
fishablc stocks and an "insufficient spawning reserve" in
1940,

The sighting by a Tangier Island boat captain in
August 1940 of millions of crabs the "size of chicken lice"
in a eave inside a sand bank at New Point Light House,
"pouring into the cove through a cut from the Bay," "so
many that they made a dipnet black every time the net was
dipped into deep holes", was recorded in research notes by
Dr. Seawelf Hopkins, a blue crab scientist and staff member
of thc Virginia Fisheries Laboratory at Yorktown in the carly
1940's. If thc observation date was correct! y recalled, the
1940 year class would have been very abundant, and
evidence of that strength was recorded in ihc rehtively
large Maryland dipnet catch in 194 I  Tables ga-b, col. 2!.
Ho~ever. support of the scrape trotline and winter dredge
fisheries did not occur in the fal 1 of 1941 and the winter and
springof 1941-42 cols.3,6 12 17!.



The waterman's conversation was recorded July ~M,
1944. It is possible that the waterman incon ectly recalled
thc year or that Hopkins misunderstood and recorded the
wrong year, The substantial increase in indices of
catchability in 1942-43  Tab!es ga-b! couid have been due to
the huge success and survival of a 1941 year class.

Other explanations may be offered for the sinai! catches
and landings in 1941:  I! signifltcantly fewer fishing licenses
for all gear were issued in 1941, although calendar and fiscal
year numbers were different  Tables 5, 15-17!; �! crab pots
were rapidly replacing trot!ines in Virginia, but perhaps not
on a scale to equalize catch; �! considerable fishing effort
loss occurred as watennen left for WWII military service.
Inexplicably, despite the decreases in catch and landings,
tnore Virginia processing house and buyers' !icenses were
issued,

SWT in April and May 1940 were low  Tab!e 9!,
summer inflows fram the Potomac and James rivers were
high in 1940, and spring inflows from the Susquehanna and
James low in 1941, which would not have been favorable for
development of a 1940 year class  Tab!es 9, 12-13!. In April
and May 1941, SWT wererelatively warm, and low surnrner
flows were recorded from all three rivers, all of which would
have been favorable for development of a successful 1941
year class.

DISCUSSION

Seasonal and annual variations in the geographical
distribution of the various life history stages of the biue
crab within thc Bay are a ref! ection of specifltc requirements
for reproduction, growth, and survival. Variability in factors
such as seawater and air temperatures, salinity, dissolved
oxygen, the kind and extent of favorable habitats, the Bay's
water supply cycle, and occasional tropical storms, for
example, and their combinations, have been suggested as
affecting not only distribution but also the size of the stock
biomass. However, it is not likely that a varying Bay
environment is the so! e cause of variabi!ity m the Bay's
blue crab stock biomass, since part of the life history of the
Chesapeake Bay stock is spent on the adjacent continental
shelf. While variations in the shelf aquatic environment
that might affect zoeal or mega!opal surviva! have not been
investigated, some seasonal atmospheric events which
affect shelf circulation panerns have recently show~ an
association with the transport of early life history stages
from the shelf to the Bay.

From comparisons of landings and catch reported by
calendar year and by state from 1880 through 1940 wi th
records of the crab tisheries from later decades, in which
newer and more efficient gears were used over more regions
of the Bay, it is evident that the earlier data do not accu-
rately reve~l the seasonal and geographic distribution of
the. stock. For that reason, in the first 60 years of the

fishery. estimates of catchability from independen ly
derived data are hkely  o overstate estimates derived from
! andings.

For example, the average annual catch per man of soft
and peeler crabs in Mary!and in 19'20 was 10,4i0 pounds,
estimated 1'rom thc average scrape/dipnet catch per week of
475 pounds over 22 weeks of effort, reported in Sette and
Fiedler's Table 7  note; their Table 7 incorrectly shows the
average catch as 471 for 1920, but it is shown correctly for
1919 in their Figure 9!,

In federal publications  Ly! es, 1967!. 744 licensed
scrapes caught 2,42! hi pounds, and 1,305 licensed dipnets
caught 1,416 M pounds  Tab! es 2-3i in 1920. The combined
catch per unit of gear was 3254 and 1,085 pounds, respec-
tively, for a total of 4,339 pounds by scrapes and dipnets.
The ratio of 3,254 to 1,085 is approximately 3:1, from which it
can be estimated that 1,305 dipnets produce the equivalent
af 435 scrapes. Consequently, from the federa! figures, 744
+ 435 = 1179 standard scrape units, which caught 4,339
pounds per unit, 41% of Sette and Fiedler 's estimate.

Comparisons of scrape, dipnet, trot!inc. and dredge
catch and effort data from independent sources with federal
estimates of !andings and effort almost always demon-
strated that federal landing estimates were substantially
smaller. However, that cannot be said for all years because
much detail is missing from all sources. Federal reports of
fishing effort were probably derived from nutnbers of
licenses issued by states, perhaps modified with reports
from federal fie!d agents who interviewed dealers and
waterroen, but there are no records of the portion of any
season that licenses that were issued had been used, if at
all, nor of the hours or days spent each week, nor of the
number of units of gear used.

Whether col!ection methods used in federal canvasses
of landings and effort from 1880 through 1940 were consis-
tent is unknown. In fact, betwee~ the late 1940's and 1960's
I observed federal agents collecting some data through
interviews, with verbal approximations of landings, nat
written records. If changes in procedure or interpretation of
data were made by i~dependent invcsugators or state or
federal agents, no reports are known that compare older
and newer methods, and no appropriate adjustments can be
made to catch, landings, and effort data.

The substitution of a new census system by the
Maryland Department of Natural Resources in 198!
produced markedly larger estimates ofblue crab ! andings
than reported in ear!ier years. Al! Maryland ! andings were
estimated to have been increased by a factor of 1.5 to 1.8.
between 50 and 70%  Chris Bonzek, pets. comm.!. Since
seasonal abundance in any year could be affec:ed by
enviromnenta! conditions. it should be noted th t low river
discharges occurring in a drought year, such as i 980, v ould
produce a more favorable environment for developmert of a
year class that could contribute ta the later large tandit.gs,



such as from mid-1981 through mid-1982: however, no
favorable environmental conditions for 1981 are known that

v ould sustain large landings in the subsequent years.
Data from an independent crab pot catch study

conducted from 1968-95 at Calvert Cliffs, Maryland,  Abbe
and Stagg, 1996!. and landings from the Potomac River
have been used to justify the use of the 1981 census
method. Although a complete review of those data at this
time is not pertinent to this study of the fisheries from 1880-
1940, I question the validity of the small mesh used in the
study to adequately assess the proportion of large crabs
caught. Studies at VIMS testing  he effects of pot mesh
size on crab catch clearly indicated that small mesh pots
caught substantially fewer large crabs, that very large mesh
pots retained very few small crabs but also retained inany
fewer legal-sized crabs  Pers, obs.!, The smallest mesh we
used was larger than the 25 mrn mesh used by Abbe and
Stagg. It is unfortunate that the investigators did not use a
"standard" lk inch hard crab ines h for their study.

Changes in canvassing procedures may demonstrate
increases or decreases in landings or effort, which portray
greater success of the fisheries or a serious decline in
abundance of the stock, any of which may or may not be
true. Differences between landings and catch data between
1880 and 1940 were cited earlier in this report as to which
set, if either, could provide accurate estimates of the stock
b I oinas s.

Substitution of a different censusing system by the
Virginia Marine Resources Cotnmission in 1993. without
making a simultaneous and comparative survey, has yet to
be tested. By early 1996, Virginia had not published catch/
landings data for 1993 or any later year, nor stated whether
the newer censusing system reflected any increase or
decrease in catchability of the stock.

Watermen probably choose crab fishing sites for their
concentrations of particular crab growth stages that seek
preferred habitats, and where crabbing gear is effective.
Concentrations of adult female hard crabs in the southern

end of the Bay in winter, attributed to their physiological
response to temperature and salinity, encouraged harvest-
ing by Virginia dredgers, at least by 1900. The intensity of
the soft and peeler crab fisheries in Maryland and northern
Virginia, and in the middle and upper reaches of some of
Virginia's tributaries, may be attributed to wherever juvenile
crabs are abundant, due to the physiological response of
juveniles to the mid- and Iow-saliniiy environments.
a v ailabi lity of extensive acreage of shallow-water habitats
with substantial I'ood supplies, whether in SAV or marsh-
lands or other bottoms, and where scrape, dipnet, crab trap
 crab pound net! fishing would be productive and safely
done.

While larger catches and landings of soft and peeler
crabs have been and still are reported in Maryland waters
than in Virginia. whether there are more juvenile crabs in

Maryland than in Virginia is not known. It can be conjec-
tured that given the earlier development of the soft and
peeler crab lisheries in Maryland, it became a traditional
work ethic. Less mterest in the soft and peeler crab fishery
in Virginia might be ascribed to less acreage of suitable
peeler crab fishing sites, perhaps to smaller numbers of sof 
and peeler crabs, but also to the Virginia watertnan's
traditional preference for hard crab fishing. Whether hard
crabs were and are now equally available to all Bay water-
men in most years cannot be determined from catch or
landings data.

Catch is detertnined by the availability of the fishable
portions of the stock and by the efficiency  catchability! of
each gear type. Differences in the seasonal, geographic,
and age distrtbutions of the stock in the Bay and its
trtbutaries require dillerent types of gear and intensities of
fishing effort. Such differences severely complicate
stat is t ical analysis.

Further,  he collection and compilation of catch and
landings data on an annual, calendar year, basis compli-
cates an understanding of the variations in catchability,
because those data arc comprised of at least two and
perhaps three year classes, Catch and landings data must
be apportioned to specific year classes when estimating
cat<:habil ity indices. During the normal three- to four-year
life span, specific size and age groups are available on a 12-
month Biological Year that is not concun eni with a calendar
year.

Analysis of the effectiveness of each gear type, useful
in determining the apportionment of stock to each fishery
and in enacting legislation and regulations governing them.

could be approached by designating the three major
fisheries as single stocLs:  I! scrapes, dipnets. peeler pots,
and crab pound nets  trapsl for soft and peeler crabs: �!
trotlines and pots for hard crabs; and �! winter dredges for
hard crabs.

For each fishery, one standard unit of etTort could be
calculated. Indices of catchability, the success of fishing of
any standard unit of effort on a year class of crabs, could
be related to a base year index, giving a useful picture of
long-terin trends in stock biomass.

Smaller landings of hard crabs in Maryland than in
Virginia  excluding the Virginia winter dredge fishery! in
1920, 1924. 1925, 1929, and from 1934 through 1941 have
never been satisfactorily explained. Whenever canvasses
of effort or listings of licenses were made, there were
usually more trotline, scrape and dipnet crabbers in
lvlaryland than in Virginia, which could  should?! have
resulted in larger landings in Maryland.

Considering only the years beginning with 1920,
conceivably fewer crabs occurred in many or most years in
Maryland than in Virginia, perhaps resulting from variations
in environmental quality that affect the distribution of ihe
stock. Even if catchability indices were similar in the two



states. which cannot be determined in the absence of beuer

effort data, larger total! andings in Virginia could be
attributed ro a longer lishing season.

Excluding the Virginia winter dredge lishery, the hazd
crab fishing seasons were of different lengths in the  wo
states: approximately 35 weeks, from April through Novem-
ber, in Virginia, and 23 weeks in Maryland, from May to
early October � longer in Maryland if November was added.

In both states. legislative action hmited crabbing
seasonally and geographical! y, and sometimes by gear, size
of crab or biological condition, Le., sponge crabs. which
eliminated any consistency in the length of the fishing
season. The crabbing season was also limited by the
seasonal availability of crabs to gear, usually controlled by
SWTs, salinities, and bot om types. individually or in
combination. Limitations on crabbing from many sources
have been extensively reviewed in earlier sections.

The acknowledged common link between the two
stat~s in their contributions to the life history of the Bay
blue crab is the controlling argument for joint legislative
action to promote and sustain the two states' crab fisheries.
Ho we ver, differences between Virginia and Maryland in
their political and sociological environments, as well as in
the aquatic and atmospheric environments in the two
geographic parts of the Bay, may strongly, but predictably,
have different effects on the successes of the two states'
crab fisheries.

Biomass estimates of the juvenile and adult portions of
rhe crab population probably should be made separately
from each state's landings and/or ca ch data. Virginia's
data may potentially be more accurate, since the various
gears are used over the entire year and range across all
saliniries and over almost the entire spectrum of preferred
crab habitats. The shorter fishing season, limits on gear
use, and a narrower range in variety and quality of preferred
habitats in Maryland prediciably results in incomplete
sampling of the population.

Soft and peeler crab landings reported in Virginia for
many years. at least through l992 before the implemen a-
tion of a new canvassing system, may have been accurately
reported, but unquestionably grossly unde reported the
actual catch. Safes  = landings! probably represented only
20-70% or less of rhe catch  Van Engel, pers. obs.!. A major
unresolved problem is the considerable difference between
initial catch, which is not reported, and sales, since thc
latter docs not reflect after-catch mortali y. Poor water
quality, e.g., low DO, abrupt changes in saliniry at fishing
sites and in shedding tanks, careless handling by watcr-
men, and blue crab diseases such as Parainoebrr
penriciosa, all contribute to stress on the crabs, and are
factors affecting mortality rates.

While deaths of juveniles in the wild probably result
from similar factors, as well as cannibalism and preda ion.
and are known to reach l00% in catastrophic e venrs,

normal rates in  he wild «re largely unknown. As Iong as
soft/peeler data remain unreflective of actual catch, they
should not be used in population size estima:es, nor can
they provide an early forecast of  he success of the hard
crab tisheries.

The sugges ed cause of  he plummeting bav catch
between 1907 and I91'2 is large landings by rhe soft/peeler
fishery prior to 19IZ � over 95 M pounds in l 908  over 38
M crabs!, plus the untabulared but rcponed capture of
small crabs for soups and stews when no minimum size
limits existed in either state. ! n contrast, minimum s ize laws
enacted in 191'2, 1913, and l916 may have been responsible
for peak landings in those and later years. Examples are
drafted to consider what the Virginia soft/peeler catch might
have been, assuming underreporting and after-catch
mortality. In heu of other estimates. 70',c v ill be used for
maximum underreporting, and 50% for after-catch rnortali tv,
v ith lower rates of 50% and 30%, respect> velv. for a second
estimate. More accurate reports might result from the new
canvassing system initiated in Virginia in 1993.

Virginia mean landings of soft/peelers for rhe three
years from l 990-92 was 0.93 M pounds, estima ed to be
comprised of 3.7 M crabs  four crabs/Ib}, about Z.d~ir of the
mean 39.3 M pounds for combined hard, soft/peeler crab
landings. That such a small percentage of the stock of
crabs available was harvested as soft and pee!er crabs in
recent years gives credence to the belief thatsome of the
soft/peeler crab catch was unreported.

lf sales were underreported by 70 ie, the actual peeler
sales would have been 3.1 M pounds   I ~.4 M crabs!, 3.33
times that reported. Catch needed ro produce 3.1 M
pounds, adjusted for a 50% after-catch mortahty. would
have been about 6.2 M pounds �4.g M crabs!. If rhe
smaller rates are used, total sales would have been l.86 M
pounds �.44 M crabs!, 'Z.G times that repor ed, with an
estimated initial catch of 2.66 41 pounds �0.64 M crabs!.
Currently, given assumed catch and afrer-catch mortality
rates, a substantially larger soft/peeler fishery is unknow-
ingly being supported,

Considerable financial gain would have been recog-
nized in thc current soft/peeler fisheries with more ace ura e
reporting. The Virginia sof~Jpeeler crab va! ue per pound
has been five times or more than the value c f hard crabs for
over 20 years; in l 992 it was $2.69, compared v ith 50.39 for
hard crabs. Assuming that those returns existed for the
entire three years, the soft!peeler fisheries v ould have
returned $2.6 M and  he hard crab fisher:es Sl:. M. With

70% underreporting, and omitting atter-carch mortal irv
estimates that would nor be counted in sales, Virainia's

three-year mean soft/peeler landings of ".. I II pounds l l2 4
M crabs! would have been isorrh abour 5$.3 M at 199
value, 3.33 times the reported value. Assuming s0,v
underreporting, landings of 1.86 M pour.ds i i.a-r ~i crabsh
v ould have been v orth $5.0 M, a 300~c increase.



Strict laws limihng  he catch ofjuvenile crabs  nay be
sound management if  he intent is to permit more of them to
a tain maturity and maximum weight and recruit to  he hard
crab fishery, Limiting the catch would also be a sound
management practice in forcing watermen to recognize and
prevent the large losses of peelers occurring af er capture.
Losses could be substantially reduced by more carefully
selecting only late stage peelers, e.g., pink or red sign
crabs. The claws of'white sign" and "hairline" crabs are
usually broken "nicked"! to prevent the crabs from
mutilating other crabs in the shedding tanks, and broken
claws and mutilations often lead to high mortality rates.

A I ternatively, protection of all juveniles would deny
watermen a substantial financial return that can be derived
from the soft/peeler fishery. From 1887-1901, 72-81% of the
combined Virginia and Maryland watermen's income from
crabbing was derived from the soft/peeler catch that made
up 33-52% ol' all crabs landed, In Virginia, 48-56% of
income carne from 15-21% of landings. Later, froin 1925 to
1940, 30-35% ol' the bi-state crabbers' income came from
soft and peeler crabs that comprised approximately 10% of
all crab landings; Virginia's 16-34% of income came from 5-
9% of landings.

Three opposing management strategies may be
considered:  I! to expand the soft peeler fisheries; 12! to
eliminate the soft/peeler fisheries, permitting all crabs to
mature and thus expand the hard crab tisheries; and �! to
allocate portions to bo h soft/peeler and hard crab fisheries.
Allocation mus  ensure that the  alents of the wa ermen,
their expertise with specific gear, and knowledge of fishing
si es are not lost or diluted. It must also permit profitable
exploitation of both juvenile and adult portions of the
s ock. and most importantly, save an adult breeding srock
of such inagnitude  hat it presumably could sustain the Bay
population ofblue crabs indefinitely,

Assuming a 25% expansion of the soft/peeler landings,
and accepting the concepts of maximum and minimum
adjustments described above, the soft/peeler ca ch would
have to have been 7.75 M pounds to support sales of 3.67
M pounds, valued at $! 0.4 M, a 316% increase. With
sinaller adJustments, a 2.3 M Ib catch would be needed to
support sa! es valued at $6.2 lvI, a 248% increase. With a
307 increase in the fisheries, soft/peeler landings would be
9.3 M pounds valued at $12.4 M, a 396% increase, and 2.8
XiI pounds valued at $7.5 M, a 200 % increase

Economic gains  o expansion of the soft/peeler
fisheries would result in losses to the hard crab fisheries.
Following a 25% increase in harvesting of sol't/peeler crabs
and the natural mortali y loss that would have occurred in
growth from  he Juvenile to  he adult stage, hard crab
landings would fall from 38,4 M pounds�<5 M at 1992
i aluel  o 34.5 M pounds, valued at 513.S M, a 10% loss.
Using minirnurn adjustments. landings would be 36 8 M
pounds, valued at 514.3 M. a 4.7% loss.

With a 50% increase in the soft/peeler fisheries, hard
crab landings would be 33.8 M pounds, valued at $l3.2 M,
a 12% loss, and 36.4 M pounds, valued at $14.2 M, a 5.37<
loss.

The accrual to the hard crab lisheries if soft/peeler
fishet'ies were eliminated is the origina! mean weight of
landings plus the adjustments for underreporting and after-
catch mortality of juvenile crabs, but minus an estimated
mortality of 50% during growth to the adult stage. Using
numbers cited earlier for maximum adjus ments, hard crab
landings would be increased from 38.4 M pounds by 4.1 M
pounds �2.4 M crabs, at three crabs per pound! to 42.5 M
pounds worth $16.6 M, an increase in value of 10.7%, With
rninirnurn adjus ments, 38.4 M pounds would be increased
by 1.8 M pounds, 5.32 M crabs, and would be worth $15.7
M, an addition of only $0.7 M, about 4 7%.

It should be made clear that estimates of
underreporting and after-catch rnor ality do noi alter the
actual weig.ht and numbers that were caught and landed,
Only with accurate reports ol catch and effort will fisheries
managers be able to realistically assess the possible el fects
ol new regulations on stock abundance and the amounts of
catch to apportion  o the two growth stages, juveniles and
adults, to attain maximum catch and equitable income to the
two fisheries. and to assure protection for a breeding
population of adults. The latter is the most difficult task.
Laws and regulations cannot and should not be promul-
gated until complete canvassing has been achieved to
estimate the approximate size of the stock.

Juvenile and adult blue crabs were found in the upper
Chesapeake Bay, the Elk River, the Canal, and the upper
Delaware Bay during surveys from June through September
of 1971 and 1972, several decades after considerable
modification of the Ca.nal in 1938 and after 1958 lMi lier et
al., 1975!. It is possible that similar crab sizes could have
been found at those sites from 1927 through 1930 and the
following 10 years.

Although no estimate of suspended sediment dis-
charge from all sources from March through May 1929 has
been made, it might have been similar to that deposited in
later storms. Mean annual deposits ol sediment from
suspended clays and si its in the upper 25-30 km of the Bay
in normal years is about 0.7 cm, which is reworked and
redistributed by tidal currents and wind waves the rest of
the year  Schubel and Hirschberg, 1978!.

Tropical Storm Agnes released massive ainounts of
rainfall over the Chesapeake Bay drainage basin from June
19-23, 1972, entering the Bay on June 21. She caused
extensive damage to the Hay's stocks and fisheries,
especially the oyster industry. Wind forces were relatively
low, ranging from 32 to 49 mph. Peak river discharges from
Agnes were estimated to occur  on average! only once in
over 100 years.  Chesapeake Bay Research Council, 1973!.
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Lethal effects of the storm on blue crab stocks could
not be estimated and were believed to be limited, but a
massive displacement of crabs occurred. five to 15 miles
downstream from  he usual fishing grounds. and to deeper
waters, w hich resulted in small catc hes immediately after
the storm. Catch did not return to normal until the end of

August  Van Engel, 1973!. While deposits in the Upper
Bay 1'rom all sources caused by Tropical Storm Agnes in
June 1972 ranged from 10-30cm  mean 15 cm!. larger
deposits in the Upper Bay resulted fram the runoff in
March 1936 from two srnal I storins plus melting of deep
snow and ice cover were estimated as 30 cm, twice as large
as those from Agnes  Schubel and Hirschberg, 1978!,

Parasitisrn of male and fernale juvenile blue crabs by
the sacculinid barnacle Loxothylacrts texanus, frequently
reported from the Gulf of Mexico, effectiveiy interrupts
growth and development tov ard their sexually mature stage
 Reinhard, 1950; Charni aux-Cotton, 1960; 0verstreet, 1978,
1983; Perry et al., 1984!. ln a summary of the occurrence of
the sacculinid on blue crabs in the Gu! f of Mexico, Perry et
al. �984! reported peak abundance in months of high
temperatures, at high salinities in inshore waters, an
intolerance of low salinities, and increasing percentages of
parasitized crabs in coastal waters throughout the Gulf m
the last two decades, Prevalence may range from less than
1 to over 50%.

Overstreet � 978! thought that small  dwarf, button-
sized! crabs that appear seasonally in Mississippi Sound
may have been infested with sacculinids, and noted that
the subject needed further attention, Although L texanus
has not been found in Chesapeake Bay blue crabs, the
accidental introductian of infested crabs could produce a
sub-population of small-size male and fernale crabs that may
be incapable of further growth and reproduction. Adult
fernale blue crabs ranging from 50-90 mm LCW have been
found in Chesapeake Bay in the last 50 years and none has
had an external sacculind sac, but no attempt has been
made to determine whether any had an internal infestation
 pers. observ.!. Cold winter temperature and/or low salinity
may inhibit or prevent the sacculinid from being established
in the Chesapeake Bay.

The parasite invades the male androgenic gland  which
are not the gonads!, inactivates its hormones and feminizes
the male, altering,  he shape and structure of the abdomen
and the pleopods, but does not destroy the gonads.
Infestation of juvenile females, which have no androgenic
gland, also results in cessation of growth, modifying the
shape of the abdomen to approach that of the adult,
atrophying the inner ramus of the pleopods and suppress-
ing yolk deposition  Charniaux-Cotton, 1960! Molting of
blue crabs with externa was reported but thought atypical
by Overstreet �978!.

Bay environmental conditions have not prevented
another saccuiinid, LoxotIrylucus pattopaei, from becoming

established in  he Chesapeake Bay lnfestatinn ot' a xanthid
 mud! crab. Furyprtrtopeusde'pressus, was 1irst tound in
November 19&4 in the York River  Van En el et al., 1966!,
and subsequently in 1 965 in F.. depresins and another
santhid Rhirhropanoperis harrissi, in all the 'v'irginia rivers
on the western shore of the Hay, except those north of the
Rappahannock River, and in 1966 in all Virginia tributaries
on the eastern shore of the Bay, hut none on the ocean side
ol the EasternShore Daugherty, S.J l969!. None was
found at salinities < 6 ppt!. Rarely v'as a crab found with a
scar on the abdomen, suggesnve of the loss of an externa.
One scarred female E. depressrts mo I ted 1'our months after
coHection, did not increase in size and the endopod parts of
all four pleopods were reduced Two and one-half months
after the externa of a male was cut off, the crab molted and
grew from 11.6 to 12.5 mm LCW, had nne normal male

pleopod on the first abdominal segment, tw o female
pleopods on  he second segment and one female pleopod
on the fifth segment. Daugherty concluded thai the
degeneration or modification of the pleopods would have
prevented the male from successful copulation and the
female from retaining ex.truded eggs.

Relationships betv een environmental tactors and their
effects on blue crab life history stages have been postu-
lated: �! whether very warm waters in the spring. May for
example, would be fa vorable for the preparation of the
female reproductive system for maturation and extrusion of
eggs; �! whether very warm waters in May would spur
early feeding and rapid growth rates of juveniles of the
latest  youngest! year class; �! whether certain phases in
the water supply cycle of the Bay, such as law summer/fall
and high spring discharges are favorable for the hatch and
survival of zoeae and the development nf megalopae and
juveniles; and �! whether low water temperature and heavy
rainfall in the spring delay the crab fisheries.

A variety of environmental factors inust exist that
infiuence biological conditions that estabiish year class
strength, growth and deveiapment. and physical factors,
such as suitability of habitats and the availability of the
stock to fishing gear that determine fishing success
Extreme variations in those factors are more likely associ-
ated with extremes in yearclass strength and fishing
success. Only when accurate catch and landings data are
available for times preceding and succeeding the occur-
rence of any of those events can the degree of association
be determined.

The disparity between about half of ihe independent
surveys af catch and federal  and state! canv asses of
landings has not been explained and needs inter.si v e study.

Parent-progeny Refatiottsbips

Two studies in which estimates of spaw nii.g stock and
their progeny in Chesapeake Bay were compared. reported
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that at the levels of abundance prevailing a  that time the
magnitude of the parent stock was not a signitican  factor
in establishing progeny abundance,

Hopkins �946! reported no correspondence between
the average daily catch of Virginia patent-dip trotlines
during the spawning season l June-August! and the
average daily catches of Virginia dredge boats the second
winter following, for the 12 years beginning with the
summer of 1934 and concluding wi h the winter  December-
March! of 1945-46. Landings by  he two hard crab fishing
gears were compared graphically, not s at st ica I ly.

Pearson   J 948! reported that little of the variation in
progeny abundance was accounted for by parent stock
levels  r = 0,134!, comparing the Virginia winter dredge
fishery landings one year with the dredge landings two
years later. for the 15 winters of 1931-32 through 1945-46.
To make the comparisons. the relative index of fishing
success by dredges in l 931-32 was assumed to be an index
of female spawners in the summer of 1932, and the index for
the winter of 1933-34 was assumed to be a measure of their
pl ogenv.

ln a study similar to that of Pearson's in that it was
based an winter dredge fishery data, Applegate �983!
made use of the Leslie and Davis �939! method of analysis
to obtain spawner/recrui  abundance esttmates over the 50
year period 1932-81. Applegate reported that 40  o 44 % of
the variation inrecruitment.relatively large values, could be
attributed to paren al stock size. The results were obtaining
by applying two stock-recruitmen  models, R = Se's" ~  r'
= 0 40! Ricker, 1954!, R = ape " r' = 0 441! Ricker, 1958, pp.
2g2-283!.

The Leslie-Davis estima e of standing crop at the
beginning of the fishery, December 1, was used as the
measure of abundance of progeny that survived from
spawning one and one-half years earlier. The difference
be ween the standing crop and the cumulative winter
dredge catch over the next four months was an es imate of
the survivors at the end of rhe dredge fishery, lvfarch 31,
and assumed to be the spawning stock size in the ap-
proaching summer.

The me hods used by Applega e required assumptions
of negligible rates of recruitment, natural mortality, immi gra-
 ion and emigration during the fishing season. Significant
rates would result in errors in calcula ing initial stock size
and ci.iniilative catch. and hence estimating the spawning
stock. size. Yione of the assumptions appears to have been
violated.

The analysis contains two flaws that provide uncer-
tainty as to  he accuracy of Applegate's results. ln the
least squares regression analysis of the daily vessel
landings, Applegate did not consider inconstant
catch abili ty as a serious factor in most years. Actually,
dredges are never equally distribuied over the crab

population and local reduc ions in stock are produced. One
or more times during the 4-month fishery, effort is directed
to new sites. usually following a severe cold wave and a
decrease in bottom water temperature, which watermen
believe induces crabs to form nev: aggregations. Because
shifts to new sites are like! y to be abrupt, occurring over a
period of a few days or a week, with concomitant increases
in the daily catch, they canbe easily identified. Separate
linear regressions can be calculated for each period that
was initiated with an obvious increase in catch per unit of
el'fort  CPUE!. The estimate of  he sample cumulative catch
 Kt! can be obtained from the intercep  on the X-axis of the
last regression line,

Also, since dredging sites can be considered the
equivalent of geographical subdivisions of the stock, each
with its own stock density, combining es ima es of the
sample cumulative catch for each area could give an
estimate of the  otal Bay catch, The effect of ignoring or
not recognizing shifts in catch produces too large an
estimate of cumulative catch and too small an estiinate of
catch abi lily.

Because Appl egate's records were obtained from only
a portion of  he vessels dredging any day or season, the
sample's cumulative catch was adjusted by birn to approxi-
mate the catch of the en ire flmt of vessels by mul tip! ying
by the ratio of tota.l licenses  o the number of vessels
sampled. However, Applegate incorrectly applied licenses
issued by the Virginia Marine Resources Commission
 VMRC! for liscal years ending June to the dredge season
which began the following December 1. Since he offset
licenses one year, his ratios of licenses/vessels-sampled are
incorrect, and when used in adjusting  he sample cuinula-
tive catch produce overestima es or underestimates of the
total cumulative catch.

Applegate acknowledged that the estimate of the
fishery's total catch "sometimes" exceeded the total winter
fishery landings, and ascribed that to the unavoidable
incomplete sample of the catch The error from that source
is negligible compared with  he overestimate produced by
ignoring inconstant catchability. Ac ually,69'7r of the
estimate of total cumulative catch reported by Applegate
exceeded total winter landings reported by Van Engel and
Harris �9$3! over 49 years, 1931 through 1980,

Un il the dredge fishery data can be re-exarnine,
confidence must be wi hh: l". from Applegatc's estimates
that 40-44 % of the variation in recruitmen  could be
attributed to parent.al stock size,

Management of the Chesapeake Bay blue crab
fisheries should be concerned with six main objectives �!
optimum utilization of the resource leading to near maximum
production; �! a reasonable economic return based on an
adequate catch per unit of effort; �! orderly fishing, in
which conflic s between units and types of gear are
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reduced; �! recognizing, establishing, and preserving
critical habitats; and �! the abatement and control of
pollution.

These objectives cannot be obtained without �!
accurate reports of catch and landings of hard crabs and
soft/peeler crabs, the locations of the catch, counts of units
of fishing effort for each type of gear, and estimates of the
economic return. Achievement of optimum utilization of the
resource, a reasonab! e economic return to individual

ftshertnen, and orderly fishing, may require limited entry;
however, quotas on catch and seasonal limitations may be
added but not substituted for it.

Year Class

The identity of each year class is established when egg
extrusion and hatching of the eggs occurs, and its identity
continues through the subsequent development to zoeae,
megalopae, juveniles, and adults. Recognition of each
stage and the year class to which it belongs can be
determined by tiinely field collections and/or the examina-
tion of independent or commercial catch  Fig. 3!.

Environmental variables may affect any physiological
or physical state of a crab, at any time in its life history,
such as maturation of the reproductive organs, growth,
distribution. maturity, reproduction, longevity, and mortality
and also affect the availability and catchability of blue
crabs to fishing gear, Occasionally some variables, such as
salinity or its counterpart river discharge, or the abundance
and distribution of ee! grass, or attnospheric events influ-
encing the continental shelf currents and the transport of
megalopae to the Bay, may be the tnost important one s!
determining the success of a year class. Awareness of
those variables and their affects may aid in identifying

possible causes of variations in distribution and abundance
of the stock that cannot and should not be explair:ed as the
result of Jaws and regulations on the quantity and quality
of the catch.

Annual returns of Bay catch and Iondings have been
used in the data analyses presented so I'ar ta the Technical
Committee and the Bay Commission. Those analyses have
denied the ability to review whether the seasonal abun-
dance in any year or years could have been affected by
environmental conditions. Two strong year classes were
produced in the Bay-wide drought years of 1980 and 1995,
which resuJted to signilicantly large landings in 1981 and
patt of 1982, and in 1996 and part of 1997, that cannot be
attributed to a change in censusing procedures or Jaws or
regulations. The decrease in eelgrass apparent in 1972 has
been ascribed as the factor leading to the decline in crab
abundance.

Other notable drought years have occurred: 1930, 1941,
1965, 1969, 1995, and possibly a se.vere one in l 997.
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EXECUTIVE St>DIARY

Landings, Catch, Gear, Legislation, and
Environmental Data

I. Early development of the fisheries, 1880-1916

Federal censuses were infrequent; on! y soine of them
included gear and landings by gear. Bay annual landings
rose erratically and reached a peak in 1915, which was not
to be duplicated until 1929. However, mean weekly catch
by winter dredges and the annual  spring through fall!
trottine fishery, reported by independent investigators,
decreased gradually from 1907-08 through 19 I 6-17. The
annual trotline catch estimates for 191S and 1916, derived
from Virginia watertnen's catch, were the smallest of the 10
years beginning in 1907, which raises the question of
accuracy of landings data.

Until 1912, immature crabs werc probably overhar-
vested to essentially supply the soft crab industry, but also
for sale to crabmeat picking houses and to make soups.
This would have reduced a substantial portion of the stock
that otherwise would have recruited to the hard crab
fisheries. Virginia enacted a ininimum width law of 3.5
inches on hard crabs other than pcelers in 1912, when none
previously existed.

In a special federal survey in 1915, the 1912 landings
were estimated as !arget than those of either of the census
years 1908 or 1915, although no firm numbers for 1912 were
reported. It is possible that the minimum size law, if
honored by the industry, wou! d have resulted in a marked
increase in the supply of large hard crabs in 1912.

Commissioners and legislators must have been morc
convinced of thc reports by watermcn than by the federal
canvass that the catch of crabs had been declining for
several years. Early in 1916, the states set a closed season
on sponge crabs: July and August in Virginia, and year-
round in Mary! and. The states also set a minimum width of
five inches on hard crabs. which may have caused a
reduction in the catch that year, though the new size
minimum was limited in Maryland to Somerset County.
Infrequent federal censuses for landings and gear usage,
and the states' piecemeal licensing of specific gear prevent
any reliable analysis of the relationship between fishing
effort and landings or catch.

Licensing and a fcc to use scrapes in Virginia was first
required in 1898, followed in 1900 by a general license for
nets or other like devices, Specific licenses for other gears
v ere not required until 1910. In Maryland, peeler crab
scrapes may have been first licensed in 1902 � it not c I ear
whether one may have been required earlier � and no other
licenses werc required until 1916 when a general license for
any gear was established.

Principal gears used in thc 36 years werc scrapes and
dipnets for soft and peeler crabs, and ordinary trotlines f' or
hard crabs in both states, and the Virginia winter dredge for
hard crabs.

Environmental conditions. whether favorable or
adverse, werc seldom reported; only a few can be used to
explain their possible or probable effects an stock abun-
dance or catch. Record or near record low air and SWTs
were reported in five winters through 1907, during a 27-year
period when only occasionai landings surveys were made
and in which catch data were cogccted only in the last year.
A small catch in 1902 was credited to mortalities caused by
the severe cold winter of 1901-02. The lowest SWTs in
May of any year was 56.4 Fat Windmill Pt. in 1907.

The winter storm of January 5 to February 16, 1912,
was reported as one of the most severe on record in
duration and intensity, causing large quantities of icc to
form in the Bay and tributaries. Following the storm, the
1912 annual trotline catch increased over that of 1911, and
was the largest since 1908. Thc sequence of a severe
winter storm in 1912 and an increase in thc trotline catch
suggests that a winter storm may selectively destroy the
larger and older crabs, which represent only one of the two
year classes co-existing.

Ten water cycles favorable for the development of
successful year classes occurred from 1893-94 through
1913-14. Five of them occurt ed between 1906-07 and 1913-
14, when catch indices were relatively high.

The combination ofcxcessive rainfall and low SWTs in
April has been suggested as causing the delay in the
opening of a fishery. According to many watermen.
opening of the spring peeler fisheries occurs during the full
moon after the third week in April at about thc time when
SWI'reaches 60'F  rough!y 16'C!, which varies from late
April to early May.

May mean air temperature, assumed to be close to
SWI'at that time of the year, was ncvcr below 60 Fin
Virginia in thc 36 years, and only in 1907 in Mary land. May
mean SWT at Windmill Point was below 60'F 12 times
between 1882 and 1916, but in May 1912 was the th ird
warmest to that date. Excessive rainfall, i,e., ! 2.00 inches,
exceededthe May means �.71 in and 3,50in! only twice in
Virginia and once in Maryland, but not during the years
when Maryland's air temperatures were   6fy'F; it occurred
only on<;e in Virginia when the SWT was�0'F.

II. Period of minitnum size and partial sponge
crab protection laws, and unfavorable
environmental conditions, 1916-26

Federal surveys that inc! uded units of gear and
landings by gear were made in 1920 and 1925, and a survey
of only landings was made in 1924 Landings in 1920 were
as low as those reported f' or 1901, and increased only

50



slightly in 1924 and 1925. Catch data are available for every
year through 1926. Scrape/dipnet, trotline. and dredge
catches were irregular in the I l-year period, of en differing
between gears, peaking for all gears in 1922-23 and falling
to a new low in 1925-26. Calendar year trotline catches are
inaccurate measures of yearclass cate.habili y because
spring/summer and fall da a represent two year classes, and
95% of falVwinter constituents arc from one year class. As
well. data from the fisheries of the two states should not be
combined, since the sta es have different lengths of
seasons and bottom habitats, and the waters are of

different temperatures and salinities. Fall trotline and falV
spring trotline catch indices were the most reliable rnea-
sures.

ln 1917, Maryland's 5-inch width cull law on hard crabs
was extended from Sornerse  County to the enure state, and
a soft and peeler crab size limit of three inches was enacted.
Virginia imposed a 3-inch minimum size limit on soft crabs in
1922, Sponge crab protection during July and August in
Virginia was amended in early 1922 to begin June 15, then
ordered in lvfarch 1926 to cover all waters of the state for
the entire year, Immediate positive effects of the minimum
size rules on hard crabs and protection of sponge crabs
imposed in 1916 and 1917 could not be determined from
landings since no surveys were made until 1920, but those
changes may have been the bases for later year class
successes between 1919-20 and 1923-24. An exponential
increase in trotline licenses in Virginia in 1916 and 1917
reflected only a reinterpretation ol' who was required to
obtairi a license, not an increase in fishing effort. The
patent dip trot] inc was introduced in Virginia before 1920,
but gear numbers were not reported untfl 1921, and catch
was never separated from ihat of the ordinary trotline.
After 1920 the intensity of fishing remained high in both
states,

May 1918 was the warmest in Virginia and Mary land
between 1891 and 1940, which should have encouraged
early summer growth and production of many large crabs
beginning in midseason; however, no landings or catch
data can support the probability. Unfavorable abiotic
environmenral conditions that could have resulted in either

high mortality of crabs or a delay in movement, feeding, and
growth of crabs, or both, seMorn occurred in the 11 years;
exceptions were freezing SWTs from November  hrough
February, 1917-18 and May in 1917, 1920, 1 C4 and 1925.
The so-called "severe" winter of January-February 1922
was not evident f'rom air or SWT data, and was followed by
large summer and winter catches not seen since the first
decade of the century. While winter storms brieflv curtailed
fishing effort and caused mortal ity more evident among
adult female crabs than males, there is no evidence in the
first 46 years of thc fisheries that they had any lasting
effect on the stock.

The combination of low summer/ht h spring dis-
charges seldom happened concurrently in all three rivers in
the water cycles between 1915-16 and 192o-26. Years when
sum; ier flow was low and spring flcns was high or low in
the majority of the rivers v ere 1916-17  hrough 1919-20,
1921-22 through 1923- 24, and 1925-26, al 1 nf tx hic h were
followedby modestcatches.excep  for 1926-'6. Catchby
all gear was highest 1'rom early 1922 through the winter of
IP~-23.

Discharge combinations least favorable for the
development of successful year classes, with high flows in
summer and low flows in spring, occurred in 1920-21 and
1924-25, and were foflowed by low catches. Air and SWTs
in May were lower than the mean in se ven or eieht of the 10
years from 1916  hrough 1925, suggestin that spring
environmental conditions would not have encouraged early
ovarian development or early feeding arid grov, th of
Juveniles

111. Total ban on sponge crab capture and
possession, 1926-32

Yearly and fall trotline catch data vx ere repoi ted during
the entire period. but federal gear and landings surveys
were not resumed after 1925 until 1929. Mean yearly and
fall trotline catches improvedmarkedly in 1928, trotline
catch peaked in 1930-31 and dredge catch peaked in 1931-
32. Unprecedented large landings were reported from 1929
through 193", peaking in 1930. The sighting of small crabs
in the Upper Bay in 1926 and later years after a 10-year
absence, and reports of sufficient hard crabs to again
support an upbay fishery, suggests that biotic and abiotic
conditions favorable to the hatching, growth. and survival
of crabs had occurred in 1926 and for the next five years

The March 19 6 prohibition of the capture and
possession of sponge crabs from all 4 irginia vva ers for the
entire year could have protected a larger breeding stock,
possibly leading  o the production of a large number of
eggs and zoeae in 1926. However, not until the spring and
summer of 1927 could the effects on stock abundance. have

been realized by the scrape/dipnet fisheries, fr r which,
unfortunately, no catch or landings data are known. Also,
the yearly and fall 1927 troll inc catches were small, a
continuation of the decline begun in 19" 5, providing no
evidence for any increase in stock abundance from rhe 1926
hatch. Increases in the minimum size o: ~ '.t crabs:o 3 5

inches in Virginia in 1926 and in Mar land in 19'7 appar-
ently had no effect on the 1927-28 yearly and fa I I hard ci ab
trotline catches: either or both cornphance and enforcemcnt
were weak or powerless, or the year clas-es «ere too srr all
to show obvious increases in numbers.
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A precipitous decline in Vir 'inta > >rd<n,<ry Ir<itlirle,
genera! crabbers. and a<iape liccriscs began in 192g tor
no obvious reason, and dropped!<iwer iri 193 when
watermen presumably switched to dipncts during the
depression years of 193! ind 1 "32. Similarly. Maryl ind
"crabbers" licenses p!ummetcdin 192 > fioin the high
numbers of !92! through 1925, aim<is  to the 1920 level
They remained low un i I 1930 when they returned to pre.
1926 numbers. Maryland tro line and scrape li<.ense>
decreased in 1931 and 1932, and dipnct licenses douh!ed in
1932, presuinably in response to the deprcvsiiin.

Liccnscs for specific gear, including tr<it lines, were not
required in Maryland until !931, alt h<>ugh scrapes had hccn
licensed there at least since 1902. Explanati<>ns for ihe !926
through ! 92S decline in Bay licenses arc speculative,
perhaps the response to smal! fishing success from ! 924
through 1927. 'I he succeeding big increase <n fishing
success, in repor cd Iandiiigs arid catch, <recurred it a time
when  here v crc relatively small numbers of licensees

A few explanations are offered fi>r thc inc<insistency:
 !! if fe~er but more eflicieiit trot!inc ind scrape fishcrmerv'
watermen sur vi ved the ear!ier poor fishing seasons, they
could have c f1'ected thc larger catch per man, �! !arger
landings could not have been made as reported if the basis
of effort was the nuinber of licensees, therefore there must
have been numerous unlicensed watermcn engaged in
fishing; �! errors werc made in estimating> landings,
probably by assuming that surveys incomp!etcly can-
vassed the entire force of watennen, thereby including
unreasonably intlated non-ex>ate>it effort

Water quality coiiditions from thc summer ol' 19 6
through the spring of !930 were n<it c<insidcred favorable
for thc development ot any strimg year classes. discharges
from the Susquehanna and P<itornac rivers «ere high in
summers and spriiigs of 1926-27 thr<>ugh 19 b-29, whi.le the
James River low summer/k»v spring dischar ge i>l 1926-27
wou!d have been lavorable fiir z<>eae. hut not for Juveni!es
The marked increase in t!ie Maryland 1928 yearly troiline
catch  derived !rom the 1926 and 19 7 year classes! and
1928 fall trot!me catch  derived fri>in ihc 1927 year class!,
and continued increases in catch in 19 9, suggests that
factors other than river discharges werc <ncrcasing the
likelihood of success of the 1926 thr<iugh 192g year classes.

Water quality conditions did not begin to improve unbl
1929. and were excellent to go<>d t hroug> h !. 932-33, during
which trot!inc catches were moderate and dredge catches
were! arge. A severe w inter storm in november 1929
apparently did n<i  adversely aft'ect the subsequent trot!ine
catch. indicated by the iricreasing values of the trot!ine
catch indices of !929 30and ! 930-3!

T' he combination of excessive ra infa!l arid low SWTs in
April 1931 was be!re>cd to have retarded grov <h <if crabs in
Tangier Sourid early:nat year, and delaved opening ot the

fisher>es, hut there is no evidence that the subsequent
catch was affecied. Cons ruction and operation of the
Susquehanna River dains al! conversion of the Chesa-
peake and Dcliv are c inal probably did not alter flow
v<>!umcs, salinity rcgirnes, or sedintent discharges suffi-
cicrnly t<i affect b!ue crab habitits. Acreage of' eelgrass
plummeted in 1931-32. Effects of the loss of' cover. a
nutrient source. and reduced stability of thc substrate
w<iuld n<it bc l'eli until ! 932 and later.

1V. !short, open seasons on sponge crabs.
1932-41

Fishing ef1'ort was drastically reduced following the
August 1933 storm, which destroyed boats. docks, and
pri>cesiung plants, and only slowly recovered m later years.
Trot!inc and scrap» use started to expand in Virginia in
193 i, but numbers of most gear again began to decrease in
!93<!. Although !icensing for specific gears in Maryland
was rcquircd in 1931, numbers varied little from year to year
until markedly declining in 1941, although dipnet usage
dec!ined steadily after 1935. Small numbers of wire-mesh
crab pots were introduced in Virginia and Mary!and in 1938,
undoubted!y replacing other gear.

Landings remained large in 1932 and 1933 and plum-
meted in 1934. possibly f'rom the loss ofeelgrass, the earlier
changes iii fishing gears, and the loss of boats, docking
facili ies, and processors in the 1933 storm. They slow!y
clitnbed  o a peak in 1939 and then plummeted to a low in
194!. A! I trot!ine and winter dredg>e catches were nearly
parallel to 1andiiigs, mod eraiely large in 1932-33, erratic in
subsequent years through 1940-41, peaking in !935-36 «nd
1939-40, and falling to a new extreme low in 1941-42.

Scrape/dipnet catch was erratic from 1935-36 through
194! - 1942. The 19 6 year-round ban on sponge crabs in all
Virginia waters was amended in ! 932  o permit them to be
taken from April ! through June 30, selecled because it was
a pe»ixl when sponge crabs were usua!ly scarce. It was
further amended in 1934 to prohibit only catching, but not
possession. The open season was shortened by one to
f<iur weeks each year from 1935 through 193S, but taking
sponge crabs the remainder of the year was still prohibited.
A 130-square mite sanctuary for adult females in the
southern end of the Bay in Virginia was established in 1941.

Severe v inter storms of January-February 1934 and
March 193C, January ! 939, and December 1939-January
1940. were noted in annual reports of Virginia and Mary!and
commissioners, with comments on crab mortalities during
and after each storm reported by Virginia dredgers, and of
effects of the storms on fishing el'fort. The subsequent
small spring trot! ine catch was considered an after-effect of
each January storm River v ater cycles were often, but not
always, more favorable f' or sue<..essful yearclass develop-
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ment in the nine years betv een 1931 3' and 1939-40 than in
thc previous seven years. and catch indices bv all gears
we re bet ter.

Warm air and SWT in May in the year of the hatch, and
all the variations in the volumes of surnmcr and spring flow
froin 1931-193'2 through 1939-1940 appear to ha ve h ad a
positive cfl'ect on the success of' the year classes. F nm
1932 through 1940, May mean air temperatures below 60'F
did not occur in Virginia. no SWT below 60 F occurred at
Baltimore, only in 1935 was Maryland air temperature below
60 F, and excessive iainfall in lvlay did nor occur in either
state. In retrospect, May weather from 1932-41 is consid-
ered not to have had any effect on early spring catch. nor
was any delay in the opening of a fishery reported,
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Table 1. Landings in pounds, 000 omitted, ISB0-19ZO, Federal reports, Lytes, 1967.

Ca 1 .
Year

SoEc/o State Total Hard
crabs
Tots l

~Sof t
~el era
Total

Total Cal,
Year

Say

Hard crabs

VA VA

1880 2, 139
1887 6Z7
I SSB 956
] 890 2,585
1891 2, 208
]S97 5,331
1901 6, 113
1904 '10,356
190S 23,001
1'915 18,765
1916 16,343
1920 ]2,465

I, 167
2,758
2,6 75
2, 3%3
2, 777
5,333
9,825

12,665
12, 786
22,492
Z I, 334
5, 166

440
586

I, 068
1,2SS
1,911
2,082
1,484
],234
1,172

1,637
2,209
4,056
4,829
4,116
4,304
5,733
7, 587
7,602
6,688
3,897

2,139
627
9'56

3,025
2,794
6,400
7,402

12,267
25',083
20,249
17,5 77
13,637

1,167
4,394
4,884
6,444
7.606
9,449

14, 128
18,318
20,373
30,094
27,972
9,063

3,306
3,384
3,632
4,973
4,984

10,665
15,938
23, 021
35,787
41,257
37,678
17,63]

1,637
2,Z09
4,496
5,4]5
5,184
5,592
7,644
9,669
9,086
7,872
5,069

3, 306 ] BS0
5,021 1887
5,840 1888
9,469 1890

10,400 1891
15. 849 1897
21,503 1901
30,665 1904
45,456 1908
50,343 1915
45,549 1916
22,700 1920



Table 2. virginia and Maryland landings by gear, in pounds, DD0 oraitted, rounded 1857-;945,
Federal reports, myles, 1967.

Trpt 1 ir,e Di etCal. D~red e
Year Hard Hard

crabs
VA VA

Sere
Soft/

peelers
VA HD

Sof t/
peel ers
VA MD

crabs Hard crabs

VA HD

Hard crabs

VA H0

Softy
peel ers
VA MD

216 798 3,433
32 995 2 526

486 1,585 3,938

83
Z68
135

2
365

17
13 68

270 398
294 1, 410
326 1,619Z,210

17

283
194 270
31 263

506 250
435 298
450 '171
371 156
311 59

39
154

325 25
6 10

520 104
425 584

13,913 384 141
12,234 42 105

420 830
500 923

32
17 17

1897
1901
1904
1908
1915
1920
1925
1929
1930
1'931
'l 932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
'1 943
1944
1945

4, 196
3, 069
3, 999
7, 073
7,I 94
7,214
8,211
6,555
5,597
4,792
6,Z60
4,903
5,392
4,088
3,534
2,117
2,665
Ho sur
2, 178
2,258

5,3'l1
6, 103
8, 'l46

1I, 049
92C,D43
9,341

14,393
21,452
20,1'13
21,355
18,302
17,047
16,862
14,686
'19,354
22,303
22,434
21,002
14, 129
7,548
7,954

vey
10,256
2,964

5, 116
9, 771

12, 179
11,035
19,920
4,573
6,599

24,013
30,316
29,016
Z7, 072
25,544
13,011
17,014
13,229
16,051
20,529
23,903
14, 737
11,625
13,808

23'1 1, C71
37 184
45 296

1,429 935'
1,GZC 1,220

350 538
69 659

117 1,016
6 607
6 243

29 65
74

280 100
647 113
244 33
176
152 CD

616 3,687
81'9 2,421
437 973

1, 278 1,611
1,984 3,200
1, 109 2,097

147 631
129 741
11 719
33 1, 10Z

257 1,205
455 1,488
542 1,826

1,079 2,Z53
567 1,28C
395 527
336 1,325

295 1, 10D
19 401
94 426

3P0 503
308 90
44 377

327 1,669
193 88
47 4

156 8
332

12 148
173 50

27

868 3, 531
303 1, 416
697 1, 264
4Z2 1,008
897 2,065
603 1,726

1,373 2, 741
1,939 Z,441
1,360 1,364
1,Z81 1,054
'1,311 673
1,347 701

677 7'1 6
652 562
435 291
457 1'7
358 150



Table 3. Crab fishing effort, nuaber of licenses, 1880-1920, Federal reports,
 yles   1967!; Roberts < 1905 !, Churchill   1919a! . Data suoaar i ted by Van Engel
and Barris, 1983.

TI Otl ine
Cal,
Year

~SS ~Si St
Boats �!

Cal.
Year ~SSK e

Vessels �!

VA

survey
413 1,403

No gear
Ho gear
No gear
No gear

467 1,416
559 1,328

2,136�>

134 1, 278
<3> 532
278

641 1, 770 106
�! 894 53<3>
867 1,305 59

s or vessels, if cited, otherwise one-half the nuaber of scrapes or dredges.
ine, dipnet and scrape crabbers, frcol Churchill, 1919a.

�> Nuaber of boat
 Z> Roberts, 1905
�! Combined trotl

56

1880 No gear
1887
1588
1890
1891
1897
1901
1904
1908 No gear
19'15 1,139
1916 <1,055!<3>
1920

HD VA HO VA HO VA HO

sui vey
survey
Sui ve'y
survey
1, 138�!
1.138

survey
1,525
1,661

1550
1857
1888
1890
1891
1897
1901
1904
1908
1915
1916
1920



Table 4. Virginia crab licenses, 1S99-19Z0. Virginia Coraeission of Fisheries
reports, compiled by u. 4 Van Engel.

Picking Canner
Crating Buyer
Packing

F iscal
Year
End
�!

Crab-
bers
�>

Fiscal
Year
End

�!

Hand Hard
Trot. Crab Dredge
line Scrape
~2 ~3

Total
Crab-
bers

Crab-
bers
 Z!

501
308
105

7
194 100
172 6
244 1
328
197 7

1080
2541 10

23 1170
14 1115

1128
1035

19

�! The fiscal year begins and ends one month later than the year of record of
the licenses, i.e., the report of duty 1-June 30 covers licenses issued
June 1-Hay 3 1. 1899- 1923 fisca l year ended September 30.

�! From 1910- 1915 there vas apparently a slav changeover from a lower 5'1.00
tax to a 52.00 tax for a crabber's license, and includes soft crab scrapes
and dipnets Trot lines for crabs for canning or picking separately licensed
in 1910, but incl,uded in crabbers license in 1916.

�> Sail boatS and on pover boatS under 32 ft length.
�! Crab meat picking and soft crab shedding houses
�! The question mark indicates vhere nraabers cannot be interpreted.
�! Harch 1S98-September 1899.
�! Mo report.
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1899�!
1900
1901
1902
1903
1904
1905
1906
1907
190&
1 909
1910
1911
1912
1913
1914
1915
'1916
1917
1918�>
1919
1920

786
509
443
570
558
521
484
661
540
615
638
509

18 622
305

34 283
46 390
61 272
65 1145
70 2621

1899
19C'0
1901
1902
1903
1904
1905
1906
1907
190S
1909

1 , . 1910
46 1 . 1911
24 . . 1912
44 7 ? 1913
30 ? ? 1914
36 1 25 1915
45 2 44 1916
54 2 7 1917

1918
47 1 65 1919
45 1 66 1920



Table 5 Crab fishing effort, rstaber of licenses, 1920-1941. Federa  reports,
svanarized by Van Enge  and Harris, 1983.

Trot l inc ~0i tr ~Ded c*l .
Vessels �! Year

Cal.
Year'

Scraoe
Boats �!

VA MD

Mo gear survey

�! Mmber of boats and vessels, if cited, otheruise one-half the nmter of
scrapes or dredges. Mo dredges listed for Maryland until 1947.

1'920
1924
1925
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

l, 064
1, 386
1, 094

994
1,075
1.437
1,304
2,140
1, 962
1,603
1,390
1,269

844

1,408
1,510
1,560
1,227
1, 547
1,531
1,731
1,881
1,586
1, T66
1,851
1,695
1, 296

VA MD VA MD VA MD

278 744 867 1 305 59

228 474 60
258 536 62
256 584 51
179 539 56
30 369 63
42 321 65
4 286 105
8 304 127

47 280 107
74 296 99

117 307 148
113 2T4 91
36 2Z4 80
40 98 58

7591, 159
405 1, 180
710 1,393
745 1,776

1,349 1,523
1,675 1,458
2,391 1,321
1,966 '!,215
1,495 991
1,440 863

954 670
658 484
543 449
304 341

1920
1924
1925
1929
1930
1931
193 2
1933
1934
1935
1936
193T
'I 938
1939
1940
1941



Table 6. Percentage of hard crab landings by state, season and gear. Dredge
 OR!, Trotl>ne  TR!, Pat lPT!.

Ju  v- Au ustJune-Se tenberAnnual

VA
OR TR PT

1919- 1925 22 .8 76 6 . 89 .3 . 26.6 . 62, 0 . 10 .4 29.6

1961- l970 24.6 5.6 67,9 45.5 53.9 2.6 30.7 34.7 41.1 '}.4 16.3 20.1 23.8

197'!-1977 20.8 0.5 77.7 37.2 62.3 0.3 38.6 28.9 48.5 0.1 20.7 17.6 29.3

59

Calendar
Years

HO VA HD VA HD
TR PT TR PT TR PT TR PT TR PT



Table 7. Landings in pounds, 000 amf tted, 1920-19CS. Federal reports, 1967.
<<<r St<« Hard ~Sof t

cr a be gee 1 e ra
Total Total

Cal. Hard crabs
Year

VA HG

Total Cal.
Year

State Total

VA VA Bay

20,65Z 18,267
20,652 20,170

3,535
3,532

41, 084
37,290

44,618
40,822

1,832
1,S32

1, 112
1, 7GG

60

f920 '12,46S 5,166
1924 14,462 7,666
1925 18,53Z 7,321
1929 30,378 2S,456
1930 28,940 3 1,626
1931 ZS,963 29,93'1
193Z 27,024 29,399
'1 933 23, 911 26,6' S
1934 2Z,516 13,621
1935 19, 763 17,265
1936 26, 138 13,294
1937 27,92S 16, 198
1938 28,690 20,699
1939 26,967 24,063
19CG 23,016 15,031
194'I 15,717 11,975
1942 '18,644 14,048
1943 ka survey
1944 23,929 17,155
1945 TS,SZG 18,470

1, 172
622

1,422
1, 700
2, 881
1, 7"12
1,549
2, 068
1,370
1,449
1,970
2, 75
Z, 783
2, 783
1, 977
1, 710
1, 445

3,897
2,0S3
2,325
2.645
5,313
3,9'l l
3, 540
3,/49
2, 289
2, 557
2, 269
Z,514
2,89$
3,234
1,791

836
'1,645

13,637
15,084
19,954
32,078
31,821
30,676
28,573
25,979
Z3, 886
21,212
28, 107
30,C03
31,473
29< 750
24, 994
17,426
20,089

9,063
9, 750
9, 646

28,100
36,939
33,841
32,939
30,097
15,910
19,821
15,563
18, 712
23,598
27,296
16,822
'12, STZ
15 694

17,631
22, 129
25,$53
55,S33
60,566
5S,894
56,423
50,599
36,137
37,027
39,432
44, '1Z6
49,390
51,030
38,04$
27,692
32,692

5, 069
2,7G5
3,747
4,345
S, 194
5,623
5,089
5,517
3,659
4,006
4,238
4,989
5,681
6,017
3,76$
2,546
3<091

22,700
Z4,833
29,601
60,178
68, 760
64, 517
61,513
56,076
39,796
4 '1,033
43,670
49,115
55,070
57,046
41,916
30,23$
35,783

19ZG
'1924
1925
'1929
193 0
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1 94'1
1942
1943
1944
1945



labia 8a. Catch data and indices af catchability. Scrape/dipnet <ScD! anti Dipnet  Dip! year after hatch; scrape Sc! 11 emnths arxi 12.15 months after hatch; trotlr'ne during year <TrYr!, in fail  TrFl! in fall arxf sprIng <TrFs>.yinter dredge <Dr!, In pounds/week mless otheruISe stipulated. MDt from Tilghmans MD!s >nctudes St. Hicnaels.is assigned hase year. ndex represents caLculation obtained from anathcr author. ha refers to dai ly means used incalCulatian. Year claSS is One year earLier than year cited firat in period. htsabers in parentheses refer tofootnote sources.

TrYr

�!
Drva
%TUB

12090
1Z870
8970
5538
5460

Year
Class

Period

Dr VA
~ex
 'l7>

1,008
0.69
0.51
0.39
0.44
0.50
D.36 ScVA
0. 50 TI a
0 47 Index
0.40 �8!
0.21
0.89 D.30
0.21 0.19
0.37 0.66
0.73 0.23

Trfs TrFs
~s

Da Da
�5c>�5d>

161 354
200 442
350 641
437 578
92 233

144 188
343 609

SCVA
~a
index
�9!

0.33
0.18
0.49
0.57

Pearson.
frcm church> l �9'l7!,

ChurchrlL  '19171.

1906-07
1907-08 2020
19OS-09 1580
1909-10 EC65
1910-11 1509
1911 ~ 12 1166
1912-13 1562
1913-14 1500 Dr VA
1914-15 1118 2S28
1915-16 ScD 726 TrYr Trfl TrF I Trfs TrFs TrYr Tr Yr 36081916- 1 7 % 783 vi FIU TAD 9!  Rv EF!r RU vs 35 10 26081917- 18   I ! 928 �! �a! �b!  8!  9! �c! �d> 41651918-19 5457
1919-20 471 1169 1133 1167 825 837 971 1307 3'I�1920-21 475 Trfl TrYr 729 933 1393 533 1085 622 SOZ 2514
1921-22 628 589 499 1021 449 759 383 784 DrVA 2920922-23 825 Da Da 803 166Z 1040 1220 1196 956 662 ~ex S532923-24 518 <6> �2! 1006 1109 771 896 574 1037 952 �6! C177924-25 524 569 358 361 659 398 2528925-26 181 100 632 970 642 525 0.301926-27 188 ECC 0.771927-28 152 S7 DrVA
1928-29 384 238 ~ex1929-30 406 406 �4!
1930-31 ScD 703 531
1931-32 Dio RU 457 369 TrYr TrYr 2.01 2.131932.33 RD index 326 362 RUT HITTs DrVA 1.20 i.351933-34 Da <3! 304 238 Da Da Sa 0.94 0.971934-35 �! 'I45 119 �5a! �5b! �3! 0. 68 0,701935-36 1.008 334 319 0. 75 D.S31936-37 120 0.83 1BS 13S 162 1S8 12.8 0.86 0.931937-38 142 0.77 264 162 169 178 8'.5 0'.60 0.701938-39 219 0.91 304 Z38 27S 267 12.8 D.BZ 0.931939-40 114 0.92 441 319 366 309 9.5 0.79 0.851940- 4 1 79 0 .39 131 131 1 24 124 8.5 0.66 0.711941--2 126 0,25 44 75 95 89 4. 7 0.37 0,391942-a3 69 0,61 428 306 311 300 19.1 1.60 1. 771943-44 101 0.32 188 156 167 159 5 0 0.38 0.401944-C5 0.51 ZES 144 7.6 D.56 0.6C1945-46 0.68 1.43 1.42�! Hay-October, first year, computecf fram Sette 8 Fiedler �925 Tbl 7!.�! May-October, first year, computed fram Pearson  '1945, Tbi. 1!.�! May-October, first year, free Pearson �948, Tbl. 8, l-ill combined!, base assigned by�! May-June, Sept-Nov, first year, computed from Sette 6 Fiedler �925, TbL. 1! obtained�! May-June, Sept-itov, first year, ccmputed free Sette 4 Fiedlsr �925, Tbl. 1!.�! Fall, first year, extrapolated from Pearson <1945 Fig. 2!.�a-d! Year, fall. frrst year, computed from Sette 8 Lied er �925 This. 4, 5!. S> Fall/spring, 4th years, computed from Sette 8 Fiedler �925, fbi. 7>. 9! Fa L/spring, both years, computed frcm Sette 8 Fiedler �925 Tbl. 5!.�0! December-IEarch, both years, computed from Sette 8 Fiedler �525, Tbl. 1! obtained from�1! December-March, both years, carcruted frcm Sette 8 Fiedler �925, Tbl. 1!.�2! Tear, extrapalated from graph, HD Dept. Res. Educ. �955! base assigned by Van Engei.�3! December-March, camputed frcm Pearson barrels per day �445, Thl. 1!.�4! December-March, both years, Pearson  f948, Tbl. 10!.

�5a-d! Year, fall and fall/Sprrng, computed fram Cronin �9C4, Tbls l-ll!.�6! December-March, both years, Van Engel �951, Tbl. 2! and unpublishecf.�7> December-March, both years, Van Engel, urpuolished, base year class 1930 a 1.00.�S> May, Van Engei, unpublished, base year class 1953 = 0.76S.�9! June-september, Van Engel, unpub ished, base year class 1953 = 0.768.

1905
'. 9C6
1907
1908
19C'9
19;0
191 1
1912
1913
1914
1915
1916
1917
19'I 8
1919
1920
E921
1922
; 923
E 924
1925
1926
1927
1928
1929
1930
1931
1932
1933
193 
1935
92936
1937
1938
1 939
19'0
1941
19CZ
1943
1944



hatch;
L'S
Da
D.
ci ted

Mean
Index

1,00
1.0I5
0. 74
0.46
0.45

Year
CLass

1905
1906
1907
'I 908
1909
19'I 0
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
19?2
1923
1924
925
926
927
928

'I 929
1930
1931
193 2
1933
1934
1935
1936
1937
1938
1939
1940
194 'I
1942
1943
1944

Table 8b. Indices af catchabilitv. Scrape/d poet  Scg}, dipnet <Dip! scrape  Sc! ll and 12-15 months af:erannua  t.-ct l ine  TrYr!, in fall  TrFL! in fall and spring  Trfs!; utnter dredge  Dr!. Mot frora T i lghmans, MDinc udes St. Michaela. 8 ia assigned 6aae year. IndeX represents cai.tulation obtained from anather author.referS ta daily meana used in CaLCulation. Mean Index and ka. Caaea exClude annual trOtlineS  TrYrVA, TryrMTryrVAMD, TrYrMOt, TryrMDts!, and ScDHD, DipHO! Scvas are included, Year class is one year earlier than yearf irat ir! per!od. Nutrbera in parentheses refer ta faotnate Sourcea.

TrYi Drys ko.Period T11!j Cases�!
1906- 07 I, DDB I1907-08 1.008 1.061908- 09 0.78 0. 74 I19D9- 10 0.72 0.46 I1910- 1'I 0. 74 0.45 I1911-12 0.54 0
1912-13 0.72 ~ . 01913 ~ 'I 4 0.69 DeVA 0
191C-15 0.51 0.23 0.23 I1915-16 Scp D 33 TrYr TrFL TrFI TrFs Trfs TrYr TrYr 0.3D 0,30 I1916- 7 IIL! 0 36 PXRIF* RU ~v IID PI  !t P' PX 0. 29 0. 21B 0.25 21917- 18 �! 0.43 �! �a! < 7b!  8!  9! �c! �d! 0.34 0.34 I19'l8-19 0.44 0.44 11919-20 1.008 0.538 0.548 0.54B 0,368 0.368 0.45B D.608 0,25 0.41 51920.21 1.01 Trfl Tryr 0.34 D.C4 0.6C 0.23 0 47 0.29 0,36 0.20 0.40 51 9ZI - 22 I, 33 RD lIIT D.28 0 .23 0 .47 0 . I 9 0.33 0. 18 0 .36 DrVA 0 23 0.29922-23 1,76 Da Da 0.38 0 78 0.48 0,53 0.52 D.45 0.30 Inaex 0,6P 0.60 5923-ZC 'I. 11 �! �2! 0 48 0 5Z 0-35 0.38 0.25 D-48 0-43 �6! 0.34 037 5924-25 0,25 0.26 0.15 0.16 0.31 0.18 D.20 0,19925-25 0.298 0.168 0.30 0.44 0.30 D.ZC 0.30 0.34 3925-27 D.30 D. 23 D. 77 0.54 21927-28 0.24 0.14 DrVA . Dr VA 0.24 I928-ZP 0.6Z 0.38 I Fide r . ~ex 0.62929- 30 0 66 0.65 <1C! . �7! 0.661930- >I ScD 1.13 0.85 1.13 1
931-32 igP' 074 059 TrYr TrYr TrFs TrFs 2.01 2.13 1.008 1.47 4932-33 Dio Index 0.52 0.57 it TE lgyts ~ FIDTs DrvA 1.20 1.35 0.69 09C 4933 34 HU �! 0 49 0 38 Da' Da» Oa Da T!a 0.94 0.97 0.51 0.73 4934-35 �! 0.23 0.19 �5a! �5b! �5c! �5d! �3! 0.68 0.70 0.39 0.50 C935-36 1.008 0,54 0.51 0 75 083 044 D,6C 41936-37 1.008 0.83 0.30 0.22 0.268 0.298 0.268 0.718 'I.068 0.86 0.93 0.50 0.66 71937-38 1.18 0.77 0,42 0.26 D.Z7 0.28 0 32 D.89 0.70 0.60 0.70 0.36 Scva ScyA 0.57 71938-39 1.77 0 91 0.49 0.38 0.4C 0.41 0.56 1.29 1.D6 0 82 D.93 0.50 Z!a Da 0.81 71939-40 0.92 D,92 0.71 0.50 D,59 0 48 0.71 1.16 0.79 0.7P 0,85 0.47 Index Index D.78 71940-4! 0.64 0.39 0.21 D.21 0.20 0.19 0.15 0.46 0,70 0.66 0.71 D.CD <18! <19> 0.47 71941-4Z 1.01 0.25 0.07 0.12 0.15 D.14 0.23 0.37 0.39 0.37 0.39 0.21 0.29 71942-43 0.56 0.61 0.70 0.49 0.50 0.46 0 .55 1.20 1.8'I 1.60 1.77 0,89 0.30 0.33 1.02 9'!943-44 D.81 0.3Z D.31 0.25 0,27 D.ZC 0.47 0.38 0.40 0.21 0.19 0.18 0.47 719CC-45 0.51 0.36 0.23 072 056 D64 037 066 049 054 7

1945-46 0.68, I 43 1.42 0.73 0.23 0.57 0.88 5�! May-t!ctaber, first year, ccmouted from Bette 8 Fiedler �925 Tbl. 7!.
�! May-OCYOber, f irst year, Camputed from Pearacn �945, Tbl. I!.
�! May-Oc.aber, first year, from Pearson �948, Tbl. 8, I-III combined!, Base assigned by Pearson.�! May-June, Sept-kov, first year, computed free Sette 8 Fiedler �925, Tbl. 1! obtained fram Churchill [1917!.�! May-Junc, Sept-kav, first year, corrputed fram Sette 8 Fiedler  IPZ5, Tbl. 1!
�! Fall, first year, ertrapo ated from Pearson <19C5 Fig. 2!.<7a-d! Year,.fall first year, computed frara Sette 8 fied er �925 Tbls, 4, 5!. 8! Fal  /spr ing, 6oth years, ramputed fr'om Satte 8 Fiedler �925, 'fbi, 7!.
 9! Fall/spring, both years, coraputed from Sette 8 Fled!sr <1925 Tbl. 5!

�0! December-March, both years, computed fram Se:te 8 Fiedler �625, TbL. 1! obtained fram ChurchilL �917! .�1! December-March, both years, corrected from Se.te 8 Fiedler �925, Tbl. 1!.�2! Year, extrapalated from graph, HD Dept. iRes. Educ. �955!, Base assigned by Van Engel.�3! December-March, coeeuted frara Pearson �945a Tbl. 1!.
�4! Oecerrxier-March, both years, Pearson �948, ibi. 10!.
�5a-d! Year, fall and fa dayspring, castrated from Cronin �944, Tbls I-II!.<16! December-March, both years, van Engel �951 lbl. 2! and unpubl.
�7! December-March, both years, Van Engel unpub ished, base year class 1930 e 1.00.
�8! Hay, Van =ngel unpublished, base year class 1953 = 0.768.
 '!9! June-september, Van Er gel, unpublished, base year class 1953 = 0.76&.



fable 9. Departures from long term mon hly seen surface aeter temperature F Baltimore, MD,0
�! 1S77-'188, <1! 1914-1954, and �! lJind<Iii'll Point, Rappah8nnock R.a !88!-193 . Devjat Ionsplus unless marked. Ha!  deftczts, from 60 F Baltimore s3.3 F or 4,1 F  ca 1.4 0, 1.8 c!, andfor VincioI < 1 point e2 'I F, 0.7"C, taarked uittI e. Temperature deviations at Btingray point arerecorded in   ! in absence of Vinckai1 l Point data. Freezing tempera<ures in any month aremarkeci vith 'e. <1! uBCXO survey �955!; <2! Btae ous �95T! Deviations calculateo by V. A,Van Engei.

Dec Dec Jan Jan Feb Feb Har Har Apr. Apr Hay Hay Jun.
B V B V 8 V B V 8 4 8 V B

Yean 40.3 41.6 35.3 3T.4 36.6 36 4 41.1 41.0 50.4 50,2 63.3 62,1 73,0 71,9

v un
V

Period

-3,6-0,5 '1.3
~ 0.6
3.3
1.6

-0.1
1.5

-0 7
2.3

.3.2e
4.8

-0.4

1.0
1.7
1.4
4.1
0.0
2.4
2.1
1.Z
1,0
2,0

-0,2

-1.4
0.4
1.3
2.5

-1.3
.1.6
D,O

-0.1
0.3
2.7

-1.8  -5.6!Error
0.0

-1,1
<-0.9!

0.5
4.5
0.2
0,5

-0,3
-3,5

 -0.9!
-2.4 �,6!

-1.9
0,0
2.9

-0.5
-5.7"
2.4

-0. 2
-2.3'

�. 1!
-3.2
0.8
1.3
0.0

-9.0
-0.2
2.4

3

1.0
-3.1
-2.6
-1.5
-4 7
3.9
4,3
0.8

-0.2
6.C
3.6

-1.9
-2.D
-2.7
-1.1
0.6

-0.3
-1.6
5.2
1.5

7.1Hean Mean 1 9Yean Mean

1.6
0 7

-0. 6

3,6
0.9

-0 7
0.3

0.8
-1.3
-Z,C

-0.5
2,3
1.0

-3.1
-'1,2

5.8. 3.8 0.4
-0.6
3.0

-2.2
0.8
1.9
1.2

-3.5
3.0

-4.6
-3.7
-3.1
0.1
0.7

-0.2
-0 2
0.8
1,7

-0.6
-0.;
3.0
1 2
2.3

-D.l
-1.0
1.2
3.7
0.8

2.3
-0 8
-3.3'
-0.8
2.1

-1.0
-2.9
-2.0
.1.5
~ Z.2
-2.2
-0.2
1.4

~ 0.4
0.5
0,7

-0.2
-2.6
3.0
O.T
0.3
0.7

-1.9
-0 4
3.2
0.5
4.8

1,5
-D.6
-4 2e

3
-0.1

-0.8
0.3

-2.1
-0.7
-0 3

1.3
-3 9
2.2

-1. 4
1.5
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-0,7
-1. 8
~ 0.9
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0.2

- l. 1
'! .3
1.1

.3,8

1.3
-1. 2
-D,3

63

1886-87
1887- SS
1888-89
1889-90
1890-91
'1891-92
1892-93
1893-94
189t -95
1895-96
1896-97
1897.98
1S98-99
1899-00
1900- 01
1901- 02
1902-03
1903-04
190C-05
1905.06
1906-07
1907.08
190S-09
1909- 10
1910-11
'1911-12
1912-13
1913-14
1P14-1S
1915-16
1916-17
'1 917- 18
1918-19
1919-20
1920-21
192'1 -22
lPZZ-23
1923-ZC
1924-25
1925-26
1926-27
927-28
928-29
929-30
930-31

1931. 32
1932-33
1933-34
1934-35
1935 ' 36
1936-37
1937-38
1938-39
1939-40
1'9CQ-4 1
1941-C2
1942-43
1943-C4

Mean

-2.8
-2.8
-1.0
-5.7
1.5

-1.5
1.0
0,3

-1.2
3.1

~ 1.9
-1.0
-3,2
0.6
0.8

-2.6
-2.3
5.7

-1.0
-1.7
0,4

-1 .9
-1.5
-1.4
0.8
1.0
Q.C
4.0

-3.3
-0.1

-0.8
-0.6
.0,1
5.5
'l, l

�.5!
-0.4
3.0
3.4
2.2
'! .1
C.S
0.1
3.C

-2.3
Z,C

�.3!
-3.3
-2.8

'1.3
0.3

.1.3
-P.C
.5.0
-7.0
-0.8
-0,0
0.6

-0.2
~ 1.1
0.4

-5.3
2.7

-2.0
1.6
1,2

-1.0
-1.2
-1.7
-2.8
-5,7
0.3

-4.4
-0 3
-2.8
-0. 1
-0.8
-3,0
-3.5
-2 8
-1.9
-D.S
0.3

-1,5
73
3.9
0.1

.3.2
5.1
0.6
1.0

-4.6
1.2
0 4

-2. C
-0.1

-3.1
-0.2
3.6
9.3

<0.9!
2.0

-6.2
4.6

-0.3
0.1
1.7
Z.C
1.8
1.9
0,5

-2.5
-1.0
-4,4
-2.'7
2.8
2.C
0.2
0.1

 -4.4!
1.7

 -5.1!
4.4
'1.5

-1.D
-0,1
-0.6
7 5*
0.8

-5.0
0.9

-3 .0

2.3
0.2

-0.5
-4 5

e-3 6
1.5

-3.7
1.3

-1.Z
-2.1
-1.8
0.2

-2 7
D.B

2
8

1.5
0.9
S.l
1.5

-4.6
~ 1.9
-C. 5

2.2
1.8

-1 9
-0.5
-1. 2
-0.7
1 5

2.6 -0.3
.1.4
1.7
9

�.8!
1.9

-2. 2
3.8

6ee
2.T
1.0
2.3

-2.8
-1.7
-1.9

0++
0.3

Pee
5 Car

-0.5
-2.6

 -3.7!
5.2

 -3 3!
1.S Mean

 -5.9! ~
1.2

-0.1 -5.4
1.0 -1 8
1.0 -6.5

-2 2 -2 T
-4.6e'-0 .2

1.5 2.7
-3.3 .3 2
1.1 7.4

-2.6 0.6
-1.8

0,0
-3.1
-0.9
3.2
1.2

-D.l
-2.D
5.4

-3.1
-1.3
2.8
4.2

-0,5
-3.4
-2.9
-1.8
2.9

-3.6
-2.1
-2.1
-0.8
2.6
0.0
2.0
1.6

-0.9
6 4

-3.9
-1,3
-4.1
-1,2
1.5
3.5

-3.3
6.3

-0.2

Hean
5%7

-1.8
'l.6

-3,6
-0 9
-2.5
.0.9
.1.1
6.3
2.0

-2.2
0.7
2.3

.3.8
-1.6
-1. 8
2.2

-1.6
0.2

-1. 6
0.5

-1.3
-2 2
-1. 6
-1.6
1.6

-1.1
-4 3
2.7
O,T

~ 4.0
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Tabie 10. Long term Hay mean departure, air teeperature and rainfal   in.!. 1891-1940 <U. 5. 'Veather Bureau, 1940!;mean virginia 64.1 F., 3.71 in. �0 yrs!, mean Haryiand 6Z.6 F, 3.50 in. �6 yrs! U. 5. Ueather Bureau, 1940>. vAdegree days departure, COD and NDD, from 65 F, V. A. Van Enge! from U. S. Veather Bureau, Ciimatol ogica  Data, 1897-1939.

Cai. Terc. F Terrp. F CDD HDD
Year VA HD VA VA Ca . Tarp. F Temp. F

Year VA HD
Rain
VA

Rain
HD Rain

VA
Rain

HD
Coo H00

VA VA

~ 4. 1 F, 1.8 C; HD >-Z,6 F, 1.0 C. precipitation deficit: VA and HD

arbitrary: VA > 4.0 F, Z.O in; HD > 4.0 F, 2.0 in.

1 . Temperature deficit  mean- 60!: VA
arbitrary -2.0 in,

2. Excesses  greater than the mean!,

1891
. 189Z

1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
'I 907
1'908
1909
'1910
1911
1912
1913
1914
1915

-2.9
0.7

"0.9
2.0

-1. 8
4.6�!

-1.2
1 5
1.6
0.6

-0. 9
2.5
0.8

-0.1
2.5
0.1
3.3
0.3

-1.0
-3 1
3.4
0.7
0.1
1.5

-0.5

-0.9
4,9<2!

-1.5 80.5
0.4 116,0
1.0 106.5
0.5 11T.S

-1.3 5'I.o
1 3 108.5
1. 4 111. 0
1.6 106. 5
Z.l 144.0
0.7 122.5

.4.5 92! 61.5
0.8 170.5

-0.4 105.5
-Z.6<1!
5.0�!
1.5
0 0
2,5 '157.5

-1.9 90. D

1,02
-0,48
2,14�>
0.62
0. 73
0.55
0. 46
f .66

-0.27
-0.93
2 05�>

-1.00
-1.38
-0.61

1.05
-0.73
-0.17
0.99
0.66

-0.32
-2.68�!
0.9Z
1.77

-2.07<1!
.0.41

-0.23
-0.37

66
1.00
0,22

-1.10
1,05

- l. 40
.0.86
.0.89
-0.53
-0.86
1.04
2.68�!
0.06

-0.51
-2.39�!
D.62
0.81

-1.44
0 32

1916
19'I 7
'f918
'I 919
1920
192I
1922
'! 923
192C
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940

2.5
-5. 0<1!
4.5<2!
0,3

-4.2�!
-2.2
1.Z

-f.8
-3.6
-4 3<1!
0.0
0.2

-1.9

2.7
-0. 6
-0.3
3.9
1 2

-2 3
2.2
0.0

-0 5
1.3

.1.7

2.0
-5.3 'I!
5,1�>
0.2

-4.1 'I !
-1.3
2.1

-1,5
-3.9�!
-3.8�!
0.6
0.9

-2. 'I
-0,6
2.2

-0.4
-0.7
2.2
1.3

-3.2�!
2,3
0.5

-1.3
2.4

-0 5

147. 5
60. 0

191.5
130. 5
24.5
59.0 120.D

112 .5 22.5
77.0 64. 5
60,5 56.O
71.5 92.0
90.5 71.5

113.0 60.0
79.5 97,0

110.5 61.5
158.5 32.0
97.0 6T.D
82.5 75.5

209.5 25.0
126.0 63.0
81.5 82,0

127.5 36,0
!Z8.5 43.0
127.5 60,0
190,0 103.5

O.Z1
-0.69
0.47
1.58

-1.84
0.90
0.46

-1.80
3.48�!

-1.54
-1.45
O.SC

-1. 08
1.06

-1.30
1.42
0.27
1.58
0 40

-O. 02
-2 36�!
-0.93
0 60

.2. 04 � >
0. 75

0.11
-0,48
0,29
1.83

-1.56
1.97

-0.29
-1.54
3.'10�!

-1.52
1.52

-0.50
-1.0Z
-0.29
-1.39
1.04
'1.80
1.95
1.1C
0. 14

-1,33
-0.08
0.84

-2.36<1!
0.95





Rivet discharge, cfs,
, calendal year erding. S
mean 64,33S, 54 yrs; Poc
mean 15,767, 50 yrs lame
10,507, 46 yrs!, ca ctilat
Flow a lqngterm mean mark

Table 1Z.
Harch-Hay
high flav
high flow
flav incan
marked -,

monthly means low flow duly-October, high flowusquehanna  /harrisburg, PAI, lav f ow mean 13,993,amac <Point of Rocks !, ov flow mean 4,C46,
 Cat tersvi lie VA!, law flaw tacan 4,163, high

ed through Hay 1944t Flov s ion term mean
ed +. U, S. Geological Survey, '958. 1960,

~sist Hart i sburJuly-Hay
Cycl e.
Years

Pc. Rocks

Hean
Pt. Racks

ean
Carters-

ti
lt'ttf low

ean

Carters'

LavVTaw
Hean

ow oit
Hean

Riggg TTow
He an

five histo�! Among the five historical laws.  Z! Among

66

1891.92
'1892-93
1893-94
1894-95
1895-96
1896-97
1897-98
18'98-99
1S99-00
1900-01
190'I -02
1902 F 03
19 �-04
1904-05
1905.06
1906- 07
1907-08
1908-09
1909-10
1910-11
1911-12
19'1 2-13
1913-14
1914-15
1915-16
1916-17
1917-18
19'l8. 19
1919-20
1920-21
1921-22
1922-23
1923-24
1924-25
1925-26
1926 27
192 7-28
1'928. 29
1929-30
'! 930-31
1931-32
1932-33
1933-34
1934-35
1935-36
1936-37
'1934-38
1P38 39
1939.40
1940-41
1941-42
1942-43
1943-CC

2C,Z75+<2!
14, 250+
13,850-
'15,500+
5,975-
8,850-

10,200-
20,075+
6,675-
5,250-<l >

21, 125+
35, 225+   2 !
32,425+<2!
13, 625-
16, 850+
14,900+
1C, 200+
6,600-
5, 150-< 1!
6,350-

Z1,800+
18 175+
10, 125-
8, 125-

30,300+�!
12,825-
27,700s<2!
14, 150+
12, 625-
16',575+
9,300-

11,625-
6,700-

22,050+
10,048 '
19,853+
20, 143+

11,135.
4,495-< 1!
7,'720-
8,933-

22,338+
12,055-
14,018+
6,327-

18,425+
11,548-
C,748.< 1!
9,911-
5,768-�>

17,826+
8,284-

69,667a
101,500+�!
81,200+
64,9<�+
57,700-
67',667+
69,433~
66,700+
49,633.
86,767+
80, 067+
67,667+
75,533a
57,633-
55,333.
52,033-
90,033a�!
61, 733-
69,067+
44,733.
BZ,900+
57,033.
88,333+
30, 567-�!
80,500+
50,233-
70,ZOO+
61,733-
TC,033+
54,567-
60,033-
57r433
75, 600+
34,367- �!
47,900-
70,567+
67, 133+
92,233+<2>
C6,933-
57,000-
53, 700-
69, 133+
4 2,397- �!
60,870-

101,080+�>
57, 567-
44,320-�!
55,270-
92,830+�!
42,933-�!
67, 143+
TS,147+
68,62T+

2, 297-
6, 849-
3,428.

'10,1Sl+�!
2,216-
1,901- <1!
7,74'9+�!
2,452-
6,367+
2,414-
5,528+

10,039+�!
4,925+
3,408-
2,195-   '1!
2,700-
6,CZB+
5.365+
4, 030-
1,860-�!
5 380+
3,8Z3-
3,415-
2,980-
3,623-
4,655m
3,393-
2,378-
2,308-
5,478+
1,928-�!
6,755+
5, 065+
5,438+
5'.530+

853 ~ �!
3, 113-
2,548-
5,724+
3, 546-
4, 568+
Z,BSB.

10,!98~�!
3,231-
4,245-

'I 66+
3,044-

13.477+<2!
2,394-

17,20D+
7,957-�!

1 S, 21 pe
16,453+
19,530+
10,744-
Z6,823+ Z!
29,664+�!
Z0,614+
9,313-

1'l,5 '18-
14 I 626-
18,833+
23,633+�!
11,353 '
8,527-<1!
9,700-

21, 133+
15,967+
16,600+
6,'II57-�>

17,483+
18,Z3D+
19,797+
13,287-
18,500+
12,847-
13,C77-
8',807-

20,033+
8,990-
8,950-

17,233+
19, 000+
22,233+
7,237-�!

11, 267-
18, 167+
24,667e�!
8,539-�!

16,503e
31,514m<2!
1S,183e
9,191-

14,101-
16,972+
9, 758.

13,890-
16, 023+
17,900+

2,603-
2,696-
e,'Bcr+<2>
3,393-
5,08T+
1,783-�!
6,457+

10,127+ Z!
4,270+
C,668+
2,575-
3, 460-
2,7CP-
2,900-
3,513-
1,990- �!
5,093+
4,630+
2,123-
2,900-
5,528+
5,425+
1,596- l!
3,165-
2,665-
6,943+
1,172- <1!
2,095-
4,658+
9,598+�!
C,735+

677-<1>
2,495-
3,001-
2,648-
3,826-
5,913+
2,574.
8,986+�!
5,653+
3,553-
8,203+�!
2,453-
4,652+
2,247-

rical highs.

15,222+
1D, 155 ~
17,247+�!
12,S27+
15,516+�!
S, QC-
9, T35-

11, Dpr
11,733e
11, 700+
6, 750"
8,320-

1S,067+�!
15,3DD+�!
9, 167.
5,137-<1!
6,697-

13,5Z3+
13, 917+
11,263+
9,430.
6,680-

13, 150+
9, 727.

13 i 967+
4,813- �!
6,C53-
9,160-
9,007-

15,500+<2>
5,633-<1!
7,253-

10,180 '
13,3�~
9,615-

14, 180s
15,279+
92'1.104+
6,110 ' �!7,'879-
8, 633-

,980- l!
,893-

10,765+
10,623+



1900-01 S.P.J

1901. OZ 1922.23
S.P.J

1923-24
5

1924-25

S P,J.

S.P.J1902-03

]903-04

'1904-05

1905-06

1906-07

1907 ' 08

1908-09

1909- 10

1910-11

1911- 12

19'Z-13

1913-14

1914-15

1915 ~ 16

1916.1 7

191/-18

1918- 19

1919-20

1920 F 21

19'Z1-22

P.J
S.P JP.J

1925-26

1926-27
S.P.J,S.P.J

S.P,J

5
1927-28

P.J
1928-29

S.P

S.P, JS.P.J
� 1 1 1929-30 5

J
1930-31 . S.i J

!
S.P P.J

P.J
193'1-32 P S.J

S.P.J
1932-33 S,P.J

S.P
1933-34

P
1934-35 P J

5 P

S,P. JS P,J
1936-37 P.J

S.P
1937-38 S,P.JP J

�!
P.J 1938-39

S 1939-40 S.P
S.P.

S.P
�! 1940-4'1

1941-42 S

1942-43

1943-44 S.P.J

5 J.PS.P
P.JS.P.J

S.P JS,P
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Table 13. Categories of river discharge, cfs, Sutmer  ov flov July-October Spring hich flovParch-Hay. Susquehanna River  S>, lou floe mean t3,993, high fIov mean 64,535 Potomac giver ov f 1ov mean 4,446, high flov mean 15,767; James RIver  J!. lov flov mean 4, lh3 high flov mean10,507. Derived from Table 12. �! gunner flov sl ghtly larger than the mean �> spring f ~casl lght y smal ler than the mean. Years are the yearclass year and the year fo [oving.
Years Sun L/ Sun L/ Sun k/ Sun H/ Years Sun L/ Sun L/ Sun H/

~Sr H ~Sr L ~Sr L ~Sr >1 ~sr H ~Sr L Sar L ~Sr H



Table 14. Magnitudes and frequency of floods, thousards oF cubic feet per second cfs,of the Susquehanna <rfarrisburg!, patomac <point of Rocks! and James <Cartersvii le!rrvers, 1786-1945, Spear and Garable, 19; Tice, 1968.
Susqueh anna Potamac JamesDate cfs Year Date cfs Year Date cfsCa 

Year

4601889 June Z

1924
19Z4
1934
'1 935
1936
1937
1940
'1942
1944<1! HcCall Ferry, PA

<2! 1,130 at Conouingo Dam

'1 786
1846
1S65
1868
1886
1S89
1891
1893
1894
189S
1902
1904
1905
1910
1913
1914
1916
'1 916
1920
1924
1925
1926
1936
1940
1943

Cctober 5
March 15
March 18
Harch 19
January 6
June 2
February 19
May 5
May 22
March 24
March 3
HarCh 8
March 21
March 3
Marrh 28
March 30
llarch 29
June '18
March 13
April S
February 13
Movember 17
March 17-19
April 2
January 1

48Z
482
573
417
385
654
408
324
613
315
449
631 <1!
306
332
402
358
379
300
423
324
379
323 .5
992 <2!
4'18
412

1902 Harch 2 219

'1924 Hay 13 277

1936 March 19 4SD
1937 Apri l 27 310
1942 october 16 418

1870 kov ember M/A
1877 November 24 8/A

1899 March 6 111
1901 Hay 23 134
1901 December 30 130

Ma 13 106
Oc aber 1 103
December 2 104
September 6 134
March 19 166
April 26 133
August 17 145
October 16 135
September 20 180



1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

Table 15. Virginia crab licerses, 1921-1941. Virginia Cceatission of Fisheries
repOrtS, cOIapiled by N, A. Van Engel.

Fiscal Crab- Potent Na of PI ckI rig Fiscal.
Year ber trot- pots Dredge Tatel Crating Canner guyer Year
End l ine Crabbers Pecking End
<1! k t

1921 'l873 45 1918 49 . 69
1922 1957 �57'l ! �8!, �39 >
9Z3 �602! �6! . <'102!
924 �811>�> �2! . �5!
925 2884 91 . 134
926 <3286> <50> . <100>

1927 2940 70 . 149
1928 2559 SD . 110
1929 '1829 75 . 104
193 0 217D 119 . 116
1931 �272!  i, > 1296 59 �! 105
'l93Z �026! �9! 1157 40 �! 106
'1933 �067! �0! 1200 38 �! 100
1934 <992! <36! 1142 65 �! 105
1935 �688! �3! 1899 67 < 0 ! 11S
1936 �514> �4! 1654 61 < 1 > 144
1937 �S71!  87! 2162 85 <1! 13D
1938 �816 > �8! 370 213 1779 87 <1! 120
1939 <1615! �7! 94 228 1907 66 �! 115
1940 1100 �8 ! 2780 177 N/A 83 � ! '1 21
1941 1495 < 78! 20265 155 N/A 99 �! 158

�! Fiscal year Dct 1-sep 30, 1919-1923; Oct 1-JLeY 30, 1923-1924; July 1- Jun 3D,1924-19i 1
�! Nvnber af gear in parentheaeS are eatiIaateS from reverue.
<3! gaft end hard crab scrapes end dredges were usLIa ly not separated.
�! 1otal rseIIber of crabbers cannot be reconciled frais data given in reports.
�! Nine-eenth fiscal year in 1924.
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Ccasaission of Fisheries license
Q. A. Van Enge .

Table 16. Virginia crab licenses, 19Zl-1941. Virginiareceipts, 19Z1-1940. Compi led from unpublished data by
Patent
Trot- Potter Scrape gredge Total
line <2! Crabbera

P icking
Crating Canner Suyer
Packing
House

Ca l.
Year

Cal
Year Crabber

�!

eStimateS frais revenue.
imilarly taxed and not separated in this report.

�> Htasber of gear in parentheses are
<2! Soft and hard crab scrapes vere s

1921 1819
19ZZ �'135!
1923 �865!
1924 �065>
1925 �859!
1926 2711
1927 Z668
1928 2139
1P29 1408
1930 1537
1931 1464
1932 1051
1933 1066
1934 1610
1935 1698
1936 1601
1937 1677
193S 1699
1939 1255
1940 1261
194'1 945

2
�!

 �!
<25 !
48
40
43
36
48
4!
67
54
69
62
52
62
70
77

11
�>

 II>!
�6 >
�!

1  II> 3!

38 < 14!
�!
�!

 /SI
38

1 42
3 13
8 93

73 1'15
109 146
34P 18
476 136

27 1859
  Z6! �166!
  53! �927 >
�5! �178!
�9! �958!
<60! 2825
�4! 2775
�7! 2139
<67> 1563
�2! 1643
�1 ! 1573
�0! 1183
<54! 1212
70 1787
PZ 1895
87

101 1957
80 2041
79 1666
96 1770
70 1687

49
<51>
�2 !
�2!
<70>
75

75
60
48
59
66
70
74
76
76
77
85
92

2 69
�! <131 >
�! �7>
�! 96!
�! < 26!
2 131
2 130
2 111
2 93
2 97
2 115
3 102
2 108
0 132
0 122
0 171
1 122
1 122

122
0 138
0 108

1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
'1 932
1933
1934
1935
1936
1937
1938
193 9
'1 940
1941



Table 17 Iraryiand crab licerrses, 1'916-1941. Annuai IIeports of the Conservati errOepartment, the Oepartment of Tidereater Fisheries, and the Board of Natural Iiesourcesof Haryland, and the National Flarine Fisheries Service.
Cal. Crabber Trot l ire Pot ~Oi et Tra Scraoe Col .Ther ~ ~ ~. ll.

Yearof of of of Hen of of of of
Men hines Hen Pots Hen Tr aps Fien Scrapes

1776
1523
1458
1321
1220
983
S63
670
484 8 31
449 19 97
341

1098
956
642
582
708
708
632
614
548
448
195

I/56 1560
1251 1227
1307 1547
1268 1531
1410 1731
1618 1881
1376 1586
1471 1766
1523 185 1
13C1 1695
104'I 1296

9 55

18 515
17 575

<1! Crabbers license permits the use of any gear not otheraise prohibited orprovided for.

1916 3500
1917 'I 709
1918 181C
191'9 2375
1920 2055
1921 2695
19CZ Z912
1923 2553
1924 2668
'1925 2515
926 2018

1927 2235
1928 2275
1929 Z390
1930 2795
1931 3012
1932 2562
1933 3121
1934 Z041
1935 2602
1936 2427
1937 Z086
1938 2004
1939 2441
1940 2116
194'I 1296

730
378
COZ
407
455
533
460
420
389
406
291
279
270
223
2;5
605
431
397
321
334
344
296
307
274
224
98

19'6
19r7
1918
1919
1920
1921
19 a
1923
1924
1925
1926
1927
'928
1929
1930
1931
1932
1933
1934
'I 935
1936
1937
1938
1939
1940
'1941



Table 18. Envfri!rnnental conditions in year class year and spring folloving: departures of mean Hay stateair temperatures F <T! fran  ong term means; cooling degree days  CDD!, Horfolk departures of mean HaJune surface vater temperatures F  SHT! from long term meanS, Saltimore <8! 19ff -19 1, Vindhi 1 l point 'V!1882-'1922. River discharges  Dscc! sutrner  sU! July-october in year class year, spring  sP! March-Ha irE9iear fol'loving, L  Lov! is sma  ler than mean cfs, H  High! is larger than the mean cfs, Suscuehanna  S!,otomac  p! James  J! rivers. Bean index and Ho. Cases exclude annua  trotl ines  TryrVA, rYrHD, TryrVAHD,TrYrNDt, Tr'frvDts!, and ScDMD, DipHO; ScvA are included. Total bay annual 'landings, mill fons of pounds  Mfor the year fol Loving the year class year Data extracted from Tables 1, 7, Bb, 9, 10, 'l3. Env>ronmentadata for 1944-45 not available. See text for further details.
SVT
Hay

e

64.1

T T
Hay Hay
VA

64.1 SZ.6

SVT SVT SVT 0SCG DSCG
Hay Jun Jun SU L SU L
V 8 V SP H SP L

SZ,E 74 .0 71.9

OSCG DSCG
SU i  SUH
SP I. SP k

!io.
Cases

Hean
Catch
I ndex

Total Year
Land- Class
~in s

CDD

Mean T

Years

2,7 2.2
-0.4 -0.6
01 0,7

S.P.J
S

0.0
S P.J

-1.3
P S J

S.P
-9,0 S.P.J

S.P.J

P.J S

-0.7 J S.P
P.J S

S P J
S.P,J

J

S.P J
-O.2 . S.P
2.4 S P.J

-2,0 P.J
0.8 J S.P
0,3 S.P

-0.3 . S.P.J
-1.2 P.J S

1.0 . S,P.J
S~ 2 1

-3.1

0.3 S.P J
S.P.J

Unknovn indices

1904
'19'l0
1911
1912

0.8 . S.P.J
-6.3 S.P.J
1.0 J

-0.5 J

0.0
-2.3
7.1
3.6

1904.G5 -0.1 1.6 '106.5
1910-11 -3.1 -2 6
1911-12 3. 4 5.0
1912-13 0. 7 1. 5 S.P

S P

72

1930-31
1929-30
1906-07
1941-42
1905-06
1931- 32
1937- 38
1938-39
1907-08
1932-33
1935-36
1928-29
1934-35
1927-28
19ZI-22
1936-37
1943-r4.
1925-26
1933-34
1942-43
1939-4G
19DB-09
1909-10
1917- 18
1918-19
1919-20
1922-23
1916-17
1924-25
1914-15
1940-4'1
1920-21
1915-16
1926-27
1913.14
1923-24

2,5 2. '1
-0.6 -0./
0.0, 0.5

-0.5 -1.3
-3,3 -4.5
.0.3 -O.f
-Z,3 -3.2
1.9 -2.1
1.2 1.3
0.2 -0.9

-2. 2 -1.3
2.2 2,3

-4.3 -3.8
3.9 Z.2

1.3 2 4
0,3 0,8

-1.0 -0.4
-5.0 -5.3
r .5 5.1
0.3 0.2
1.2 2.1
25 Z,O

.3.6 .3.9
1.5 2.5

-1.1 -0.5
-4 2 -4.1
-0.5 -1.9
O.D 0.6
0.1 0.0

.1.8 -1,5

158.5
110,5
122.5

144. D
97.0

128,5
127,5
61.5
82.5
81. 5
79. 5

126. 0
113.0
59,0

'127.5

71.5
Z09. 5

f 90.0
E 70.5
105.5
60.0

i91.5
130. 5
112,5
147. 5
60.5

157 5

24.5
90.0
90,5

77,9

1.4
-0.2

-0.4

-0.4
0.7
0.3

0.5
-2.6
-2.2
-0,2
-Z.2
-O.'8
3.0
D.5

-2.0
0.7
3.2
0.7

-5.8
2.3

-0.8
2.1

-0.6
-2.9
1.6

.1.9
-3 3
0.7

-1.5

-1.0

0.7
0.1

-0.5
-1.0

2,9
-0,2
3.0
'l.2

-5.7
-0.2
-0 6
~ 3.1
1.7

-3.1
-1.3 0.8

-0.1
3.7
3.0
0.8
1.2
Z.3

Z.4
-0 2
-3.8 -0. 4

1.5 -0.6
~ 0.6 3.0
-0.1 1.9
0.3 -2.4

-3.5
2.1 0.8

-0. 1
-4.2 -2. 2
-0,7

-4. 6
0.9

1.2

P J
S P.J

S.P.J

S.P.J
J

S P.J
S.P.J

J S.P

S.P
S.P.J

S

J

S.P.J

J.P P
S.P.J

J S.P
S.P

1.47
1.13
1.06
1.02
1.00
0.94
0.81
0,78
0. 74
0.73
0. 66
0. 66
0. 64
0,62
0,60
0.57
0,54
0.54
0.50
0.49
0. 47
0.46
0,45
O.r4
0.4'i
0.40
0.37
0.34

O.<D
0.29
0. 29
0. 25
O,Z4
0.23
0.19

4 1 1
9 1

4 7 7 1
4 7 1
4

24 7 7 1
5 5 5 1
3 1
7

5 2 1
4

65 1930
69 1929

1906
36 1941

1905
62 1931
55 1937
57 1938
45 1907
56 1932
44 1935
60 1928
41 1934

1927
1921

49 1936
45 1943

19c5
40 1933

1942
42 1939

1908
1909
1917
1918

23 19'19
1922
1916

30 1924
50 1914
30 1940

1920
46 1915

1926
1913

25 1923
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