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VIRGINIA FISHERIES LABORATORY

GLOUCESTER FOINT, VIRGINIA

September 19, 1955

To Members of the Study Committee on the Mortality of Oysters in the
Rappahannock River

On the 10th and 13th of September 1955, Dr. McHugh and I checked
most of the important public grounds and some private grounds from Towles
Point to Carters Rock for oyster mortalities, It appears that the mortality
is about over fory among thousands of oysiers examined, we found no gapers
above Morattico, and only four from the gr ound below this point., We be-
lieve that no further trouble will occur and that the conditions detr irmnental to
oysters will gradually improve,

In its meeting on the 27th of August, the Committee selected four
" subjects about which information was to be gathered and evaluated, To my
knowledge, these were :

1. a review of the biology;
2. a collection of informati,on on previous mortalilies;
3., a study of pollution sources;

4, a compllatlon of pr oductlon and losses of the oyster 1nduutry
in the Rappahannock River,

We are guthering information on the first two subjects only. -

Much of our data has been compiled, but & report has not been fin-
ished, 'To facilitate Committee action, we have decided to submit exhibits
and tables as they are completed and our summary revort will follow later,
A brief summary of the contents of each group of data will aid Committee
members in studying the material, =~

On the history of mortalities we are including extracts from the re-
ports of the Virginia Commission of Fisheries and a copy of my manuscript
on the 1949 mortality., Two tables giving counts of live oysters and boxes
are included, One of these was intended to show the chronology of the mor-
tality on those public grounds which had becen sampled several times, The
other table includes samples from various public and private grounds,
These two tables need rearranging., The physical data includes available
records on salinity and oxygen levels before and after the hurricanes, In

\,



Study Committee on Mortality of Oysters
Rappahannock River
-2 - September 19, 1955

addition we have compiled CBI data on summer oxygen profiles in the three
major rivers of Virginia to provide some background of normal conditions,
Some of the current physical data has been collected by CBI and additional
cruises bythem are planned, Also included are surface salinitics at
Gloucester Point for the month of August and waterflow records for the
Rappahannock River for the month,

We expect to compile waterflow records for eventual publication of
a paper on the mortality, but we have not attempted this for the Committee
at present, since Dr, Pritchard will undoubtedly do this in his own way,
We will be glad to furnish any additional material which is available at the
Committee's request, We expect to search the Richmond newspaper morgue
for information on previous mortalities,

We are sending to the Chairman of the Committee one set of plats
showing the location of the public and private grounds and a U. S, Coast
and Geodetic Survey chart, #535, with the major public grounds designated.
Additional sets are available if Committee members desire them, Perhaps
chart #535 will be most useful in locating the important oyster grounds,
The distances from the entrace of the river and the names of the bars are
collated in the tables, °

Sincerely,

iay D, Andrews
JDA:c - Oyster Biologist
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Memorandum on the Future of Oyster Planting in the
Upper Rappahannock River
10 September 1955
J. D, Andrews
Virginia Fisheries Laboratory
Gloucester Point
The collection of information on the Rappahannock River oyster
mortality is still in progress but a preliminary report presenting the
tfacts and our opinions relating to future planting is needed by the oyster-
men now, Without discussing the causes of the mortality in detail, it will
be recognized by all tl%ét heavy runoif from the hurricanes "Connie' and
"Diane" was basically responsible, Related factors which are possible
contributing causcs include fresh water, pollution, oxygen deficiency, red
tide, disecase, and perhaps others compietely unknown,
The two questions foremost in the minds of oystermen are: 1.
will the oyster grounds be suitable to plant this fall and 2, what are the
chances that catastrophic mortality will occur again? With these questions

in mind, discussion of each of the possible causes may clarify the problein.

History of mortalities }_r_1 the Rappahannock River

There have been two serious mortalities of oysters in the upper
Rappa&iannock Rivel; in the past six years, MAlthough abnormal losses have
occurred on localized areas nearly every year, there secems to be no record
of mortalities involving a substantial part of the oyster-producing areé prior

to 1949, Furthermore, although other rivers in Chesapcake Bay sometimes
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have had similar troubles, none has been by any méans so extensive as
those in the Rappahannock, Significantly the greater part of the mor-
talities of 1949 and 1955 occurred in the same sector of the river, Dis-
tinct differences in the patterns of the two mortalities exist but one cannot
escape the i‘mpression that some common causes underlic the disasters,
Oystermen are understandably alarmed by circumstances which suggest
some change injurious to oyster culture, Has a change occurrecd and if

so how does it affect oyster culture?

The hurricane waters and the salinity picture

The rainfall vghich tell in the drainage basins of our Virginia rivers
in August 1955 was indeed extraordinary, The hurricanes were spaced
. : : - ed -
less than a week apart and both passed-inland releasing torrents of rain
over the entire watersheds of the York and Rappahannock Rivers. The
1933 hurricane does not compare with the devastating storms of 1955 be-
cause its center passed over tidewater and rains were not as heavy inland,
The waterflow records bear out this observation,
It must be remen'11)er§?that this mortality occurred in August,
Fresh water kills occur typically in late spring, a season during which
oysters arce better able to Withs‘tand hydrographic changes than in the hot
late ‘éﬁ‘ﬁmmgr. Thé chances that a sudden fresh-water kill in late summer
will occur again are very low— unless the hurricane pattern has changed

and a steady procession of storms is fated to pass inland over the eastern

United States, Whatever the real causes of the mortality, the hurricane

K3
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waters induced them, and judging from past records it is unlikely that such
a volume of water will be dumped into the rivers in such a short period of
summer more than once in fifty or one hundred years.
Watertlow in the Rappahannock River at Fredericksburg in August
1955 was the greatest ever recorded for a summer month, ; The average
watertlow for August 1955 was 7,100 second feet, almost twice as great
as the next highest flow in the past 30 years, If the average is calculated
on the basis of a period of time shorter than a month, the waterflow greatly
B
exceeds any other period ;nlﬁ ugust Most of it passed Fredericksburg be-
A 0)/ f”c»m/
tween the 13I and 2.4'f f August, The peak flow from ""Connie'" was on the
13th of August and the peak from "Diane" on the 19th, We have no direct
.proof that salinities were low in the Rappahannock River but assuming that
they were low soon after the peak water tlows, recovery was rapid. Our
first sali'nity samples on the 25th and 26th of August showed sufficient salti-
ness on the bottom tor oysters to survive,  This was only ten days after low

salinities might have becn expected, The recovery of salinity levels was not -

as rapid in the James and York Rwero. Although sharp salinity gradients

. . - e
)' v g

from top to bottom still exist, the saltiness is emdently adequate for oysters
on all bars now and it probably will improve this tfall, Salinity should no

longer be a factor atfecting oysters on the grounds or those to be planted

this tall,

Oxygen
The role of oxygen in this mortality is undetermined and probably

will remain so. Nearly all of the decp waters ot the Rappahannock River
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are deficient in oxygen, In post-mortality che cks, Morattico, which is
about the center of the greatest losses, has had the greatest oxygen de-
pletion, Whether this deticiency extended up into layers of water which
spread over oyster grounds was difficult to determine, It is interesting
that the James River evidently had no oxygen deticiency and the York only
to a limited extent, An area of low oxygen conditions was found in the
.Potomac River oif Machodoc River and Nomini Bay, regions Whicix have
had serious losses of oysters, |

Liow oxygen is the chiet factor which might prevent oyster planting
now for the water is not mixing enough to replenish the oxygen in the deeper
layers, Within the next tew weeks when the waters cool, fall winds will
undoubtedly mix plenty of oxygen in the water, Dead and dying oysters

‘have about disappeared thus reducing the demand tor oxygen.,

" Pollution

Organic matter is the chief waste which comes under suspicion,
It may be related to oyster mortalities through oxygen depletion. }.&ccumu-
lated domestic and industrial wastes deposited on the ‘bottom below Fred-
erickshurg may have be.en waahed into the oyster growing area by the
heavy tfreshets, but the contribution from sewage probably is negligible
comp;red to the trémenddus amounts of organic debris that must have
been washed otf the tields and the marshes. Fuirio: ERIFIa S (,ug }7 THE VI0 VIR
that c/‘ ik of L4 ./)( S e T 1w P e Y205 S ,/(, by ey X '

Ii there are pollutants toxic to oysters, it is ditficult to cxpla:m
their killing action at tlood periods when dilution is greatest, The theory

that toxins are pushed down in concentrated form is unlikely because ol

the mixing that occurs in tidal waters, The-apparent-survival-of-mussels
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is-also-hard-to-explain—if-toxic-substances—are responsiblé tor 6 yster kills,

Red Tide

l Red tides occur quite commonly in Chesapeake Bay in the sumrer.
In the summer of 1954 they were seen at trequent intervalg in the area of
Gloucester Point., Among other places)red tides have been reported in
the lower Potomaé River this year, Opysters have been lost in Nomini
-Bay and the Machodoc River, tributaries near the mouth of the Potomac,

k . Cy
R AT EA T VI Eot

We know little ot the species involved and even less about their toxicity if
~ !

-

any, It can be concluded only that red tide:is- a factoy to be considered,
Their frequent occurrence without harmtul effects does not preclude in-
jurious effects at other times and places, They do appear to be summer

visitors in Chesapeake Bay and should not interfere with tall planting,

Disease
The possibility exists thét some unknown disease has hecome acti\:'e
among oysters weakened by fresh waters and other physical conditions,
: Dying and s‘urviving oysters have beeh preserved for study by Dr, J. G.r.
Mackin, the world's foremost authority on the pathology of oysters, We
have seen little that appears abnormal in the oysters of the Rappahannock
River,~ Furthermore the pattern and timing of the mortality suggest physi-

cal causes rather than disease,

Conclusions

We can advise without hesitation that the oyster grounds of the
Rappahannock River will be suitable for planting this fall, The probability

of a recurrence of the summer mortalities is a more difficult problem,
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The mortalities of 1949 and 1955 were associated with record breaking
waterflows, If such runoff occurs again, especially in summer, trouble
can be expected, Past experience leads us to predict that similar mor-
talities will occur again, but infrequently, A major change in climatologi-
cal conditions, of course, cannot be ignored, One note of caution should
be added, O=xygen conditions in the Rappahannock and perhaps the Potomac
seem to be more'unstable than in the James and York, Present data suggest
that oxygen becomes low in the deeper water ot the Rappahannock nearly
every summer and a large contribution of organic matter during a hot

summer could have disastrous eifects,



Extracts and Notes on Mortalities
_ from the .

Reports of the Virginia Commission of Fisheries
Biennial Report for the 26th and 27th years ending June 30, 1924 and 1925,

AN

- "Bqt, as rain pouring day after day, came many new troubleg, !

In August 1924 a heavy storm broke 27 gaps in the sand dune barricr along
the coast in the Back Bay region.

¢

. Annual Report for the 32nd year, July 1, 1929, to June 30, 1930,
o | DEATH OF OYSTERS

In the early months of 1930 there developed in the York river,
Mobjack bay and adjacent waters, a terrific scourge in the planted oyster
beds, It soon became apparent that at least seventy-five per cent of the
planted oysters in these beds were dead from some unaccountable cause,
which even at this timne remains a mystery, Many reasons have been
assigned as a possible cause, but the scientists who have been investigating
the matter, while they have not at this writing made a report, are under-
stood to be more or less at a loss to know the real cause,

"The matter was taken up at once by the Commission of Fisheries,
the Health Department of the State of Virginia and the United States BDureau
of Fisheries, A joint meeting was held at the oifice of the latter, in Wash-
~ ington, which gave splendid co-operation. A program was arranged whereby
" the United States Burcau of I'isheries would undertake an cxhaustive inves-
tigation, the Virginia Commission and the United States Bureau of Fisherics
Financing the work jointly for the first sixz months, after which it would be
financed by the United States Bureau of Fisheries, the investigation being
" made by the able representatives of the Federal department, Actual work
was commenced in April with headquarters being established at Yorktown,
which was a convenient base for the work, The investigation has been carried
‘along on a broad scale. It is learned that a report of the investigation is soon
to be made, " '

Thirty-third finnual Report for the fiscal year ending June 30, 1931,

" MORTALITY OF OYSTERS IN MOBJACK BAY

During the late winter and carly spring of 1930, such a heavy mor-
tality occurred in the oysters planted on private grounds in Chesapeake and
Mobjack Bays as to alarm those cngagcél in the industry and attract wide-
spread notice, The oysters were planted on grounds leased from the State
by James Bros,, Rillups, R, L, Miles, J, 8. Darling and Son, and Ballard

1



Extracts and Notes on Mortalities 2

Fish and Oyster Company, whose grounds in Hampton Roads and its
estuaries had been condemned on account of pollution and who had been
encouraged by the State to undertake the development of new areas,
These planters had invested largely in seed oysters and in the equip-
ment necessary for these operations, and their losses were heavy, It
was estimated that about 75 per cent, or at least 500,000 bushels, of
the oysters died,

"The matter was immediately taken up by the former Commission
and the Governor with the Federal Bureau of Fisheries, which sent Mr.
Herbert F. Prytherch, assistant Federal acquatic biologist, to make a

thorough investigation of the situation for the purpese of ascertaining the

cause of the destruction, Cooperating with the Commission and other
Federal agencies, Mr, Prytherch roade an exhaustive investigation con-
tinuing throughout the summer, and, on January 15, 1931, made a report

on the subject, The report is instructive from both a scientific and practical
standpoint and can be obtained by anyone interested from the Federal

Bureau of Fisheries, It may be well to state, however, that Mr. Prytherch
ascribes the loss to the weak condition of the oysters before the winter
season set in, coupled with the lack of oxygen in lower layers of the water
and the existence of hydrogen sulphide in the mud bottoms on which the

oysters were planted, He states that the same condition 'may be expected

. . Tt n
to occur again whenever oysters arc planted on grounds of this type’s

. Thirty-fourth Annual Report for the Fiscal Year Ending June 30, 1932,

i MORTALLITY

During the later winter and spring of 1930, a heavy mortality
occurred in the oysters planted in Chesapeake and Mobjack bays. Theve
seem to be similar cases of this sort on record and this situation may
occur at some other spot, but up to the present there has been no reé-
occurrence in Mobjack,

Thirlty-fifth Annual Report for the Fiscal Year Tnding June 30, 1933,

" Mortality
There has been no recurrence of mortality, among the osf'SfCl‘S}, .
such as occurred in the spring of 1930, Certain restricted localities hav

.. is a
suffered more than the normal death rate, This is not unusual and
riskt well understood and accepted, "

" . Natural Rocks

L S

Y s re o o L2 . I . rrhis robably



Extracts and Notes on Mortalities 3

was due to the greater rain fall, as drills are very sensitive to any changes
in the water tending to make it fresher, Hence, in the mouths of rivers,
they were killed in considerable numbers, "

Thirty-sixth Annual Report for the Fiscal Year Ending June 30, 1934,
L : ' Mortalify

There has been no recurrence of extensive mortality among the
oysters, Freshets have hurt some areas and natural enemies, such as
screw borers, etc,, have affected others, but no more than can be expected, "

Thirty-seventh Annual Report for the Fiscal Year Ending June 30, 1935,
1 ' Mortality

Oysters have not suffered to any extent (not to be expected), during
the season, Storms of a severe nature have not occurred, and the screw
borer has been less in evidence, " -

Thirty-eighth Annual Report for the Fiscal Year Ending June 30, 1936,
," JAMES RIVER SEED BEDS

The season opened in the fall of 1935 with every indication of a plenti-

" ful supply of oysters, and better prices, The catch in October was over half

a million bushels (506, 338), in November 250, 589 bushels, but bad weather
came in December and lasted until March, Ice was heavy in the river, and
was followed by continued freshets, with the result that the rocks were badly
damaged, and the total catch was 1,269, 646 bushels, compared with 1,543, 685
bushels the season before, which shows the crop taken was smaller than last
season, owing to the severe winter, The damage in the sced area of James

- River was so severe that the beds were closed two weeks early, The outlook
for the fall is not good, but a favorable summer may help.

on MORTALITY
This has been very heavy, and spread over the entire oyster produc-

ing area, It was caused by the low temperature, heavy ice, prlonged freshets,
and bad gales of wind, "
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Thirty~ninth Annual Report for the Fiscal Year Ending June 30, 1937,
" , JAMES RIVER SEED BEDS

That the catch of seed oysters in James River fell below 850, 000
bushels last-year, This is about one-half of the catch taken in the previous
season, The shortage was due to the effects of thetwo bad winters, but
indications are that the coming season will see a better crop harvested.

A shortage of seed in the River seriously effects the planters, and in the
end every one working in the industry, as it reduces the number of oysters
to be caught, shucked, and shipped, and that cuts directly in the labor '
demand, creating in some localities very serious conditions,

" - " MORTALITY

There was no apparent excessive death rate during the year, but
it will be necessary to wait until fall when the beds are worked to be certain
of this,"

Forty-sixth and forty-seventh Annual Reports for the Fisal Years Ending
June 30, 1944 and June 30, 1945, : :

1"

e ¢ 000w b

Information has been obtained at Page's Rock on the apparent effect
of low salinity on fouling organisms, The destruction of spat by drills was
also investigated, Page’s Rock is situated five miles above Yorktown where
the salinity usually ranged from 15 to 18 parts per thousand, On July 23,
1945 the salinity was only 6 parts per thousand due to the unseasonable wet
weather, It was lower than normal to the extent of about five parts per thou-
sand during the month of July and most of August. As a result many of the
fouling organisms died or failed to grow, Consequently, the shells were:
unusually clean and provided excellent culch material, At the same time,
there occurred the best strike observed on this rock during the five years

of the Laboratory's work, "



THE SUDRER MORTALITY OF OVSTERSIN THE
RAPPAHANNOCK RIVER, VIRGINIA, IN THE
SUMMER OF 1949
Jay D, Andrews

Vivginia Ficheriea Laboratory
Gloucester Point

{12 Septomber 1955)
INTRORUCTION

A gerious morbidity of oysters in the Rappahannock River during
the surnmer of 1949 resulted in a high percentage of dead oystera, The
losses were so great that public oyotering almoet ceaged in the affected
areas; some privately planted bede were not harvasted, The area in-
volved included grounds from Towles Point to Morattice, or roughly the
upper half of the oyster growing section of the river, The mortaiit;; wae
rvestricted to deep bars bordering the channel of the river; shorewsrd beds

inless than 10 to 12 feet of water were not serionsly affected,

HISTORY OF TiiE MORTALITY
Chrenoloy
in fnidaMay of 1949, oystermen reported an unueual condition cf
oyster bottoms in the area described, A tongful of oysters lifted to the
suriace wasg trailed by a strip of £inc i:laélc mud which conspicuously dig~
colored the water, It appeared that tho whole bottom and everything ime
bedded in it was covered with this fin§ black substance, Qyoters showed

a definite “'mud line" above which the color was normal, The black uilg

occurrad with equal intensity on mud bottome and hard shelly bottoms,

A
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The substance could scarcely be washed from oysters or hands but lost
the black color afier a few hours exposure to the open air, Freshly tonged
material had the gulfurous smell of stagnant marshes,

No dead or dying oysteres were fo:mc‘i in areas sampled on the 20th
of May, The oysters appearcd normal to the naked eyeo éxcept for con-
spic;o't;a r;xv;r;zilin;«g;; of tixe foids éioﬁg i,hc marging of the mantle giving the
appearance of blisters, On the 1t of June numerous dredge samples were
examine&.‘ No week or dying oysiers were found and the black silt was
much legs intense, Later it was reported that the black eilt had disape-
peared and no observations were made during the summer,

On the 24th of August, Inepeciore Blakemore and Doggett wrote
" that a heavy mortality had occurred on some public "rocks' above“l‘owios
Point, Their counts of live and dead oysters (boxes oxr ompty shells) are
given in tableI. About the 7th of September, Mr, A. E, Mills, an
ovater planter, reported that nearly all o;y-atem:c wei'e dead on certain
deep water bede near Morattico. On the 12th and 29th of Septembey
samples were taken from the major oyster grounds and the percentages
of lve and dead oystore determined (Table 1), All live oysters end hoxes
in small dredge loads of material were sorted out and counted. The
asreféges in the t#bles scarcely reflect the gseverity of the losoee on gome
barg; whole dredge loads of bones wore dumped on deck; in some cages
it was necesgary to search Eo'r: live oysters. There was some evidence
’that the proportion of dend oystere was groater among market than small

oysters (undor three inches in length), No spat boxes wero encountered,
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but cpatfall is always very light in this arvea,

Fouling organicms, such as the hooked mussel, Modiclua demissus,
were not dead, Small muscels and sea squirts (Mogula) found inside oyster
boxes were esotimated to be ebout siz weeke old, OQvoter opat ingide boues
ware believed to have eot in July. No dying oysaters were {ound in September,

On Way 6, 1953, black mud appeared again in the Rappahannock

River, The condition was not as intence as in 1949 and no abnormal more

talities occurred in the following summer,

Extent of the Mortality Area

In 1949 abnormal losses of oyeters were found from Hoghouse to
Morattico, mostly on bars in deep water bordering the channel, O;rszters
planted along the ghore in about 10 to 12 feet of water had no appreciable
losses, The black mud occurred to Hofnez extent on alt bare both deep and
shallow, It appéared that pro:zi-mii:y to the chgneel and depth were ime
porﬁant in re_lzd:ion to the mortality., Losees above Moratlico were very
Bm.all ahdﬁlosaes below Hoghouse were normsl, Consgidereble variation in
the intensity of losses was found on the bars bordering the channel, but

tho low counts of boxes on grounds in ghallow waters was striking.

Time of Martality
It is lu;ﬁv:n that tho oysters were not dying or dead on the first of
June, The appearance of fouling organisme and spat inside the boxes in
mid-September indicated that the oysters probably died some six ox eight

weeke earlier, The mortality is known to have occurred prior to the 24th
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of August, It iz believed that the oysteis died rather abruptly in June ov
early July, Ovysters taken from Hoghouegs Bar on the lower end of the mor-
tality arca wervre placed in g troy at the Virginia Fisherice Labhoratory pier

on 29 September and held until mid-winter without appreciable losnes,

POSSiBLE CAUSES OF THE MORTALITY
The causes of the mortality have not beon sstabliched but .neveral
physical factors have been considered, Those includo tomperature, oxygen,
river waterflow, and salinity., In addition, the pogsibility of episootics has
boen ouplored although too little is known about most oyster disecases to

diagnose successfully their occurrence,

Temperature

Weeather records for Virginia show that the summer of 1949 was hot,
particuiarly in July, The month of June was the warmest since 1944; July
averaged 2,5° ', above normal; and August wan slighﬂ.y above normal,
Watex; temperatures at Yorktown were the highest for the early summer in
eight years of records. Surface temperatures reac}_led 30° G, twice and
cxzceedod 27° G, from June 20 to August 15, 1949, The bottom tempsraturen
in the area of the mortalities were close to 25° C, on July 1 and August 31,

1949 {Chosapeake Bay Institute recorde),

Oxygen Deficioncy

The black color, which disappeared when chells were esnposed to the
air, euggeste that metallic sulfides (particularly FeS) wore prosent in the

mudeg, According to Zobell (1946) H,S io formed during the decomposition
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of pm%iné and from the redoction of sulfate by bacteria in the abeenco of |
oxygen, The HaS may either be fixed in the sediments &s motallic sulfides
or may escape into the water, Ths odor of )58 wae noticed when oysters
wero brought to the surisce but this io to be expacted when cediments aro
dicturbed cince mosot of the HoS is probably generated in the hottorn mud,
The HyS which secapcs into the water i oxidized to sulfate, providing
exygen is present, Thiec reaction, together with bacterial action, tends
to deplei;,e the disgolved oxygen in the water neoar the hottom,

The black mud and the H,5 smell are important because they indi-
cate anaerchic conditione, It is not known to what extent the layers of
water lying immediately over the oyetere were deficient in oxygen, The
firet measurements afier the appearance of the black mud were on July
1, 1949 (Cheaapeaicé Bay Institute records). At this time the oxygen supply
in the deep water of the channel was low but there was little or no deficicncy
in waters above a depth of 20 feet, On July 15, 1956, thic same area showed
a greater deficiency of oxygen beginning sornewhere between 10 and 20 fect
of depth and extonding into deeper waters, In hoth years the ctation at
Morattico kad the greastesi deficiency of ouygen, Thesge limited data
suggent that summer depletion of ngrgeri'in the deeper waters of the Rappa-
hann;clg River is normal and that the anacrobic condition in May probably
did not contribute to oxygen deficiency in the summer,

The appearance of anaerobic conditions, in mid-May in 1949 and
1953, cuggeets that rapid changes in water temperateres were involved,

At Gloucester Poing, surface wator temperatures rise from about 15°C,
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te Z22° C, during Way, A large proportion of the temperature change be-
tween winter and summer occurs in April end May. An acceloration of
organic decay is to be ecxpoected during these months,

Since the black mud ig probably caused by an excess of organic
matter on the bottom, the source of thie meaterial ie of first importance,
It may be that this material accumulates on the bottom through the winter
without additione from upstream, but it iz also pocsible that spring freshots
scour materials off the bottom upriver, and wash ovrganic debris from the
marsheg, émd depooit them along with ailt v:hcn ealt water ie reached,
Spring growths of plankion in i:he fresh wators of the river may be carried
down and depoeited, too. Heavy growths of algae and diatomo have bgen
noted in ﬁle; upper Rappahannochk River ( Maasmar;n 1952) following t;pfing
runoff, The necessary nutrients for these growths have been wasghed from
the land, The stimulating effect of nutrients brought into salt water by tha
freshets may ala;';o cauee blooms in salt‘wafcer, Lastiyo gilt accompanying
the spring freshets may bury and smother some erganisms present on the

oyster grounds, and a few organisms such ae the sea oquirt, Molsula, are

- killed by low galinities,

Watar Flow i__g the Rappabannock River

During the investigation of the black mud in May 1949, oyatefmen
mentioned that the river had been unusuaplly muddy tidz*ing the previous wocka,
An examination of the records éc the Fredericksburg stetion reveals that
unusual water flow did occur in 1948 and 1949 (Table I}, The late £fall

of 1948 was wat and closed out the second wettest year on record in Virginia,
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Reinfall was heavy in the winter and spring of 1949 and runcff was excessive,
Waterflow wae consistently high from Nevember 1948 to¢ May 1949 and the
total for the period was the greatest in 22 yeart of records, Tho total
runoff for the water~year beginning October 1948 and ending September
1949 wae the second greatest in 45 yc‘arsz and almost twice the average,

A detailed cxaminatibn of the rainfall and runoff in the first two
weeks of May immediately prior to the black mud condition shows that at
Culpeper; ~Virginiva, which is in thg center of the Rappahannock River water-
shed, 2,15 inches of rain fell on tl;e first three days of the month and 1, 99

' inches between the 7th and 12th of May, This is a total of more than four
inches in 12 days, The rainonl - 3 May resulted in a waterflow of_
'15, 900 second-feet on the 3rd of May, which is not unugual as a maximum
following heavy rains, The rain on 7 ~ 12 May caused no sudden rise in
the runoff; However. ‘unusual maximum runoffs were experienced in all
months except September of the water-year beginning in Oétoher 1948 and
cnding in September 1949, None of the maxzima were exceptionally high;
the greatest runoff was in early December when a maximum flow of 30,000
second-feet was recorded, Not only was the cumulative runoff from Novems
ber 1948 to May 1949 the greatest in the history of the records but the
numbe:f of flash ﬂoéds lacting only a day or two was excessive, Dach of
these may have contributed to the flushing of organic material from the
upper reaches of the river into the brackish area,
In 1953, the waterflow from November 1952 to May 1953 was again

exceosive, being the fifth highest in 25 years, Runoff wag particularly
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high in November 1952 and March 1933,

Salinity
Unfori:uﬁately, the salinity data necessary for checking the extent
of {resh water penetration in the oyster growing area are not available,
It is quite cortain that the oysters were not killed directly by fresh water,
for grounds well above the mortality area did not suffer any losses, The
bottom salinities in the mortality m:ea‘at a-depth of 10 to 14 fact ranged
from 9.4 to 12,6 parts per thousand on July 1 to 8,6 to 1\3u§ on Auvpgust

31, 1949 {(Chosapeake Bay Institute records),

Summary of Discussion on Physical Factors

Unusual weather conditions may have caused the disturbed physical
conditions on the oyséer grounds but there seeina to be no logical relation
of black mud to mortality, It ie possible tlfmt 6}-’3ters were so weakened
. by anaerobiosis that disease became rampaat in the ;:opulaﬁion. If oysters
were subjected to anaerobic conditions, duration, tempe.;fai:um, and the
level of deficienéy would be important, Not only is the measurement of
dissolved gases in the bottom layers of waters surrounding oysters difficult,
but determination qf the fluctuations of '6§£ygen and H,S levels over a tidal
cycle ;e virtually impossible at present, If oysters were killed by onoroe
biosis or HZS poisoning, weak or dead oysters should have been found on
June 1, 1949, a time when black mud had clmost disappeared and the cone

dition wae clearing up.
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Beased upon our present ’informatio‘n, it muet be concluded:
1. that factors atcocistad with oxygen deficienicy were the most
probable causes of the mértality, but thie hao not been proven;
2, that physical factors wore not the direct cause of mortality;
3, that no ralationvha,ﬁ been shown bhotween the black mud and

moréalitios,

Diseases and Parasnites

Few disenses of oysters are known and the diagnosis of‘thase TG
ported in tho litersture is usually difficult, In the fall of 1949 survivors
from the avres of mortality were sectioned by ,D,r.- Je. G, Mackin and the
fungue diceaso, 1), marinum, identified, I¢ appoars that undue hardship
tends to hosten the development of this disease in oysters, a fact which may
be gignificant in the light of ﬁhe unusual physical conditione which accurred,
However, the ‘pictufa of a sudden excoseive mortality in early summer and
an abrupt termination of deaths in August does not fit thel epizootiology of

Dermocyotidium,

Counts were mado of the parasites Polydora and Nematopsis in gur-

viving oyaters, Very fow cyste of Nomatopsis were found and Polydora

tubes were no more numerous than in erean where looses were much lags,

MORTALITIES IN OTHER AREAS OF VIRGINIA IN 1949
Several reports were received of dying oysters in the lower York
River, on Chesapeake Bay grounds, and on the bayside of the Eastorn Shore,

All of thege reporte came after the oyster season had opened and following
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widely publicized accounts of the Rappahannock River mortality, One

plenter in Plantation Creek on the Eastera Shore lost 50 to 80 per cent of

his barrel stock which had been relaid from Long Island Sound. Thede

oysters were transplanted in April 1949 from the deep cold waters of Long

Ieland Sound to the very shallow waters of o warm creck, Watermen attrib.

uted the locees in bayside crecks to hot weather,

Several reports of unuenal mortalities of hard-ohell clams were re«

ceived during tho hotiest part of the summer of 1949.

In general, oyaters in Virginia waters were exceptionally poor in the

£ull of 1949, The contrast between the fat oysters of 1948 and the poor oneg

of 1949 wag particularly styiking in the Rappahannock River,

SUMMARY AND CONCLUSIONS
The cause of the mortality has not been established. Certain facts

and observations may he summarized aas follows:

1.. About 60 per cent of the oysters in the area died, The losses

from bar to bar varicd from about 17 to 100 per cent,

2, The mortality was quite sudden and probably did not last over

siz weeks, Itic believedto have occurred between 1 June and 15

. July,

3., Liopsges were restricted to bars in deep water bordering the

channsl, Girounds above and below the mortality area did not

have unugual lossesd,

Mud and hard obell bottoms and private and public grounds within
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the mortality area suffered losses of equal soverity,
5, Apparently fouling organisms were not killed,

6. Parasitiem by Polydora and Noematopsis and predation do not seem

to be serious factors in the mortality,
7. Survivors remained poor in the {all of 1949 and fov several seasonsg

thereafter,

There is no proof thet the black mud was involved in the mdrtality,
The occurrernce of the mottality in rather sharply defined limits of time and
epace suggest physical or chemical causes rather than disease. The failure
of agsociated organisme to die refutes this theory, The mortality remains
uncxplained but it ig hoped this account will be useful in future investigations,

Normal oystering operations on the public grounds were not resumed
unf;ii the fall of 1953, The\public grounds, which are located more offshore
than private grounds, suffered the greatest losses, Reproduction is slow in

this area and recovery has been slow, Oysters did not fatten well in thio

" area until the scason of 1952-1953,
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TABLE 1
Live and Dead Oysters in the Rappeahannock River on August 24, 1949

C ounts hy Inspectors H, C, Doggett and J, E, Blakemore

e — Location
o " Distance
Na above mouth | Number of oysters
- ame of gyster " of ziver - Percentage Remarks
ground {(nauvtical miles) | Live Dead dead
\w : :
| TQWles Point o 13 No counts;
_ oysiers
appearecd
H o normal
: Oghouse Rock _ 14 30 7 19 :
o%ach Creek ground 16 ' -
I Cgues Hole 16 , ' "
Ddian Creek Ridge 17 - 1 33 97
Smokey Point 20 : 24 16 32
 Lower Bluff Rock 21 11 11 50
T‘D}lnchbowl 23 8 29 78
b ey Island ) 23 50 12 ‘ 19
Morattico Bar 25 6 30 8
' Sharp's grounds 28 "
' Bowlers Rock 29 "

F——



TABLE 2

o A

FC o

Live and Dead Oysters in the Rappahannock River on September 29, 194'9 :

Counts by J. D, Andrews, Virginia Fisheries Laboratory

-se.

.

s
—

Disgtance
‘ above mouth Number of oysters o
Name of oysoter of river Percentage
ground (nautical miles) Live Dead dead
Hoghouse 14 50 42 46
Weeks Rock 17 13 47 18
Smakey Point 20 50 17 Z5
Bluff Rock 21 0 69 100
Punchbowl 23 8 46 85
Punchbowl -
' (private inshore ”
| ground) 4 55 93
Diney Island 23 39 8 17
Moratiico Bar 25 22 18 45
| Morattico - Gurlett's : .
ground 25 7 67 90
Morattico - Mill's
ground 25 11 109 21




TABLE /.

Live and Dead Oysters in the Rappahannock River
August and September 1955 '

Location
Distance .
Name of river mouth Date Percentage
Oyster ground (nautical miles} sampled Dead/Live dead
Eaan e SR
Hoghouse Rock 1 26 Aug 3/65 4
30 Aug 6/95 6
1 Sep 13/174 7
6 Sep 33/139 19
13 Sep 28/164 15
- ) .‘./ 4
Ferguson Ground /4 30 Aug 61/;89 24
(HOghouse) 6 Sep 125/227 36
13 Sep 120/275 30
£ , 45
Goose Po; 30 Aug 73/90
¢ Foint 6 Sep 65/70 48
13 Sep 47/56 46
/¢ 26 A 1/111 1
R.O S ug
gues Hole 6 Sep 6/138 4
13 Sep 10/263 4
29 26 Aug 1/24 4
Smoke ' & ,
okey Point 29 Aug 9/199 4
6 Scp 16/106 13
13 Sep 28/207 12
: : 2 26 Au 7/44 14
Blut - g
lutf Rock (inshore) 29 Aug 6/74 o
6 Sep 14/83 14
13 Sep 39/177 18
, ' w“ 29 Aug 2/130 2
tt " ff hore) ! g
(ofts 6 Sep 22/101 18
13 Sep 81/164 33
" v (private ground) 29Aug 108/374 ‘22
. ¢ 27 29 Au 13/87 13
» d (offshore) g
iney Islan ( 6 Sep 227104 17
. 13 Sep 19/232 8
1 1  (inshore) o 29 Aug- 11/21 34
: 6 Scp 13/65 17
747208 26

13 Sep



TABLE / (continued)

Liocation
Distance
Name of river mouth Date Percentage

oyster ground (nautical miles) sampled Dead/Live dead
Piney Island (private ground) 29 Aug 190/75 72
13 Sep 152/124 55

Morattico {(offshore) E 29 Aug 50/41 55
13 Sep 58/71 45

n (middle) U 26 Aug 28/20 58

29 Aug 87/14 86

L ) 13 Sep 171/24 90

" - {inshore) 29 Aug 54/6 90

- Bowlers Roclk = 26 Aug 14/43 25
30 Aug 77/100 44

10 Sep 79/42 65
Youngs Rock S 30 Aug 139/50 74_
10 Sep 153/72 68

'Ross Rock - 29 Aug 5/72 6
30 Aug 44/128 26

10 Sep 7/89 44

Carters Rock Z6 10 Sep 7/36 16
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(4 Sept 55
TABLE <. o
5 K.
Live and Dead Oysters in the Rappahannock River Dot m =i e
August and September 1955 ’
Liocation
Distance
Name of river mouth Date Percentage
oyster ground (nautical miles) sampled Dead/Live dead
Broad Creek “ 1 Sep - 7/156 4
Parrotis Rock 7 1 Sep 3/150 2
Drummond Ground /0 1 Sep 49/481 9
Corotoman Point // 1 Sep 3/208 1
Ferguson Ground xe
(below Urbanna) 30 Aug 84/80 51
Ferguson Ground / e
{(Point Liookout) : 30 Aug 21/301 6
Ferguson Ground 17 30 Aug 121/92 57
(Goose Point) 6 Sep 164/93 64
Balls Point (public) 70 13 Sep 107/206 34
Lord Mott Company 2l ' 6 Sep 191/160 54
(Balls Point) 13 Sep 160/145 52
Liord Mott Company = 26 Aug 180/99 65 )
{(Morattico) - 29 Aug 110/67 62
13 Sep 180/82 . 69
Waterview Ridge 2 - 26 Aug 2/28 90
Punchbowl (inshore) LA 13- Sep 35/40 47
f{offshore) . 13 Sep 57/174 25
Garretts Ground 22 10 Sep 227/5 98
(Punchbowl) 192/22 90
22231 88
Garretts Ground 25 10 Sep 283/24 92
(Jones Point)
Croxtons Ground 28 10 Sep 105/66 61

(Laytons Landing)



TABLE 2 (continued)

Location
Distance
Name of river mouth Date Percentage

oyster ground (nautical miles) sampled Dead/Live dead
Garretts Ground 28 29 Aug 257/11 96
(Laytons Landing) 28 10 Sep 226/185 55
Lewis Ground 30 10 Sep 46/4 90

(Suggetts Point)
Garretts Ground 29 10 Sep 81/14 85
(Bowlers area) 29 10 Sep 123/146 46
- 29 10 Sep 132/56 70
Ga;rretts Ground 30 26 Aug 64/36 64
(above Bowlers) 30 30 Aug 62/50 55
30 10 Sep 207/60 78
Garretts Ground : %9 30 Aug 176/97 64

(Marble yard)
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Physical Data on the Rappahannb ck River
August and September 1955

Compiled by J. D, Andrews
Virginia Fisheries Laboratory

TABLE I 3.

Gloucester Point

Deptli Temper~ Salinity Oxygen
i (feet) ature {ppt)

Liocation

Remarks

Pollarqts ground
(Piney Islang)

26 Aug
Hoghouse Rock ¢
Ogues Hole
Sl’nokey Point

Bluff Rock
Orattico
BoWlel‘_S Rock
Garretts ground -
(above Bowlers)

29 Aug
Ul‘banna Buoy ‘
(Channc?l offshore)
Smokey Point
t 11
P’iney Island
Orattico Bar
t 1"

(Frr. W) 13

30 Aug Observer -.J, D, Andrews

Hoghouse Rock
41 " -
LaGe ange Creek
(mouth)
umn 228t

{above Bowlers)

Ross Rock

11 "

), g ~
Chestrae e Destey At

S 13,7

//oﬁ/)oz/!ef g

Observer - J. L, McHugh

B 14 14, 2
B 8,5
B 8.3
B 12,2
B 12 12,2
B 8 6.7
B 6.5
Observer -~ J, D, Andrews
S ’ 9.7
S 26,4 7.9
B 27.0 15,06
S 26,06 8.3
S 26,06 8,1
B 26,8 14,5
S . 8

S 4,9
B 26,8 11.2
B 26,7 11,3
S 7.1
B 26,0 7.3
S 7. 0
B 26,0 7.2

FTRE S S LT

25 Aug - Observer
W. G, Hewait
Time - afternoon

strong flood

-

mid-flood
ebb-tide

late flood
early ebb

" early ebb

near high slack water
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TABLE I (continued)

Depth Temper- Salinity Oxygen

Time Location (feet) ature {(ppt) (M1/1) Remarks
31 Aug Observer - R, S. Bailey
(All channel stations unless otherwise noted)
1732 (FL R) "6* Bell S ' 11,2 flood tide
(Towles Point) B 26,9 11,2 2,40
(FL R) g S 42 10,2 ebb
(Rogue Point) B 27.0 10,3 2,91
(FL. G) "g" s 9. 6 , ebb
(Smokey Point) B 30 26,8 16,7 8,57
(FL W) 11 S 8.8 ebb
(Punchbowl) B 20 26,6 11.6 0, 83
Nun 'f12" S 8.9 ebb
(Morattico) B 18 26.8 15,8 0,77
(FL. W) r13® S 9.2 . ebb
(Jones Point) B 20 26,4 12,8 0,85
Nun 16" S 26,6 8.9 ebb
(below Bowlers) B 16 26,2 9,7 1,36
. Nun *18" | S 7.7 ebb
(Rowlers) B 25 26, 2 8.0 2,52
Garretts ground S Te4 ebb
(above Bowlers) B 8 26,4 76 1.88
1 Sep Observer - J, D, Andrews :
0700 S "6 W - channel 0 27,0 15.3 7.9 - BT slide; slack high
to (mouth of river) 10 18,0 6.0 water
1800 ' 20 19,8 0.9
35 20,1 0.4
Broad Creck Bar 0 | 12,8 5.0 ebb
25 18,1 1,7
Nun "2 (channel) 0 13,6 3.9 BT
(Mosquito Point) 10 T 13,9 1.1
' 20 15,6 2,2
30 17.1 2,1
40 18,1 3.0
B - : 18,2 2.3
-~ Parrvotts Rock 0 27.0 11.3 6,7 mid-ebb
{\ 10 13.3 3.9
' B 20 15,8 0.7
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TABLE £ {continued}

Depth Temper- Salinity Oxygen

Time Location (fcet) afure {(ppt} (M1/1) Remarks
Parrotts Rock 0 27.0 11.3 6.7 mid-ebb
10 o 13,3 3.9
B 20 - 15,8 0,7
0915 Greys Point-Cherry 0 26,0 12; 0 4,3 late flood; BT
Point {channel) 10 12,7 4,2
20 ‘ 15,7 0.9
30 17.2 0.8
40 18.2 1.3
B 19.2 1.4
1520 Drummond Ground 0 28.0 12,2 4,5
10 : 12,9 2,4
25 16,3 0.4
1600 Corotoman Point 0 28,0 10,8
(Oyster bar) 10 -
20 14.9 -
30 15,7
0835 FL R "6" Bell 0 26,0 10,6 4,3 late flood; BT
(Towles Point) 20 14,8 1.0
40 17,2 0.1
70 19,1 0.7
0745 Hoghouse Rock 0 26,0 9.6 4e5 late flood; BT
. B 12,6 2.9
1700 Hoghouse Rock 0 28,0 - . 6,5 ebb
B - 4,5

1 Sep Observer - Jim Carpenter on MAURY
(These records will be reported by Chesapcake Bay Institute, Covered
channel stations from Smokey Point to Morattico.)
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TABLE X (continued)

Depth Te\mper- Salinity Oxygen
Time ' Liocation (feet) ature {ppt) (M1/1) Remarks

6 Sep Observer - Dexter Haven

1000 Hoghouse Rock S 26,0 12,5 ebb tide
to B 26,1 16,1 0.64
1800 Fergusons ground S 25,9 12,1  ebb tide
(inshore of Hoghouse) B 25, 8 13.7 1,94 '
Rogues Hole S 26,1 12,0 ebb tide
" " B 26,3 16,5 0,70
Loord Moft Ground S 26,0 14,0 ebb tide
(Balls "Point) B 26,0 14,7 1,21
Goose Point S 26,6 11.7 flood tide
(Liong Point) B 26,5 12,8 3.28
Smokey Point S 26,6 12,2 flood tide
(channel) "B 26,5 15,4 0,18
Smokey Point S 26,7 12,2 :
(inshore) B 26,6 12,2 3,98 flood tide
- Bluff Rock S 26,2 12.4 flood tide
(offshore) B 26,0 14,1 4,22 -
Bluif Rock S 26,7 14,1 flood tide
(inshore) B 26,4 14,2 4,41
Piney Island S 26,6 10,7 flood tide
‘ B 25,9 11,5 4.09'
7Sep/ == observer = Eof/ Crenr 1% lydis Lowrt (Ghappe] statiom were c[m/,c'w:r( Frorn Doowis T
13 Sep Observer - J. D. Andrews ‘ '/ T it
to
1600 -
1000 (FL R) "g" 0 14,1 -
(channel) 10 14,0 ~ ‘{:‘1
: 20 14, 3 L
30 17,2 0=
B 46 25,1 - 16, 8 O
(FL G) "9" 10 13.3 o
{channel) _ 20 14,7 e
: 30 15,8 , 3.4
Bluff Rock B 14, 2 .60
Nun ‘12" 10 13,1 /.52
' 20 15,6 3.27



TABLE 7 4.

Physical Data for James River
August and September 1955

Temper-~ ‘
- Time Location Depth ature Salinity Oxygen Remarks

22 Aug Observer - Curtis Leigh

" Gun Shoal S 28,0 0.9 late flood, flat calm
B 27.9 1.5
White Shoal S 27.9 0.5
B 27,7 0.7
Wreck Shoal S 28,0 0.4
B 27,7 2,2

26 Aug Observer - J. D, Andrews SE wind~clear

1100 Wreck Shoal S -
: B 10 26,3 4,8 strong ebb
1430 Wreck Shoal 5 . 26,5 -
' B 10 26,4 3.3
(FL R) "lo6' S 26,3 2,0
' - B 10.9
Long Shoal S 2.0
(FL R) "'20" S 1.8
B 26,3 11.9
Nun 22" B 26.3 12,1
Horsehead Rock S 1.1
B 1.3
Deep Water Shoal S 26,5 0.7
(Bar) B 20,4 0.8
Deep Water Shoal S 0.2 early ebb
(channel) B 2.7
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TABLE /E’ (continued)

Temper-
Time : _ Depth ature Salinity Oxygen Remarks

. 30 Aug Observer - D, S. Haven
1000 Wreck Shoal S 26,4 6.7
to B 26,3 11.0
. 1500 Nun "12% s 26,3 5.9
(channel) B 26,1 13,7
(FL R) "1o6" S 26,4 4.5
(channel{( B 26,3 11.8
Rainbow Rock S 26,5 4,4
‘ B 26,3 6.7
(FL R) n20" S 26,6 2,8 - .
(channel) B 26,3 9, 4
Horsehead Rock S 26,4 2.6
' B 20,4 2.6
(Qh FL: R) 24" S 1.8
(channel) B 4,0
Deep Water Shoal S 1.5 -
(channel) B 1,6
James River Fleet S 1.5
pier S '
, 2 Sep  October - Bill Cronin
James River Bridge 10 ‘ 3.40
(J 10 NE) 20 ‘ 3,31
v 32 3,26
Nun "12" 10 : 3.13 -
(channel) 20 . 3,08
28 2.79
Deep Water Shoal 10 3,42
(channel) 20 e 3,37
30 3.14
S ) 40 3. Zl'
60 3. 27

8 Sep Observers - Washer and Leigh

1100 Wreck Shoal S 25, 6 10, 7 late flood
 to B 25,8 11.0
. 1600 Rainbow Rock S 26,0 4,8
B 25,4 5,4

Horsehead Rock S 2b, 06 2,9 1ate flood
' B 2b,4 - 3,1
Deep Water Shoal S 25,8 4,0
: B 25,4 7.2



Physical Data for York River

TABLE 3 5.

I P A e

. -
(C( (;fr)"[" f./fﬁ

Temper- .
Time L.ocation ‘Depth ature Salinity Oxygen Remarks
; ? /.J’ R
1000 29 Aug Observer - D, S, Haven
to '
1600 Tillage's ground S 26,2 4,4 late ebb
ty 12} B 25. 9 7. 9
* Nun *f28" S 26,3 6.5
(channel) B 26,4 17.4
Pages Rock S 26,3 6.0 late ebb
. (channel) B 26,2 20,2 '
Boyd Walker's s 25,3 5.0
ground B 26,1 7.0 10 feet
L, T, Blake's ground S 26,9 5,1 late ebb
(otf Claybank) B 26,2 13,8
Allmond's Wharf ] 26,9 4,8
(channel) B 26,8 15,0 -
Nun ''44" S 26,8 4,4
(channel) B 26,0 15,1
Bell Rock S 20,8 5.6
(channel) B 26,6 10,5
Golf Point oyster S 26,6 3.8
grounds
1030 31 Aug Observer - W, G, Hewalt
to ~  Allmond's Whart S strong ebb
1400 oyster ground
Purtan Bay oyster S
ground B
Poropotank Bay S
(near mouth) B
Bell Rock B
(Tillage ground)
Bell Rock S
" (Travis ground) B 1,77 (?)
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TABLE 2 (continued)

Temper-
Time I.ocation ‘Depth ature

Salinity Ozxygen Remarks

2 Sept Observer - W, Cronin - all channel stations

1305 YO 10 3,28
- 25 | . 3,49
40 ‘ 2,26
1435 Y6 10 2,34
- (Yorktown) 20 ' 1,24
40 | 2,65
Allmonds Wharf 10 2,21
20 1,88
30 ' 1,63
Beacon 46 ‘10 2434
Poropotank Creek . 17 1.29
25 ) 1,06
. Bells Rock : 10 | 2,46 i
20 ' 1,71
30 1,32

6 Sept Observer - W, G. Hewatt

1000
to P
1500 Poropotank S 6.5
B 8,1 3,61
Roan's Point s - -
. B 10,1 2.98
Belleview S 7.0
(inshore) B 6 7.0 2,46
Bell Rock S 7.4
(inshore) B R 8.5

6 Sept Observer - T, Carver
13,8

Pages Rock
15,4

o



Temper-
Time : Depth ature Salinity  Oxygen Remarks
()/Oj [;7 Sept Observer -;9’}];. H, Massmann
1430 York River Bridge 0 b, 6
(Y 5) 10 -
20 4.0
30 4,2
B 2,4
Pages Rock 0 7.9
(Y 10) 10 5,2
: 20 2,8
30 2,06
B -
, :
Allmondsville 0 1,172
Linavs 10 0.8 i
20 0.5
30 -
B 0.4
Bellg Rock S0 3.0 5,6
{y o) . 10 4.6
20 . > 3,6
30 -
B Wl 3.4
29 June Observer -~ D, S, Haven
Tillages ground S 19,1
(Gloucester Point) :
Pages Rock S 18,1

19 Aug Observer - D, S, Haven

Pages Rock S 27,7 8¢5
B 27,8 10.3

Claybank grounds S 28,1 4,5
: B 27.1 6.0

William ground S 27,4 3.1
(off Fox Creek) B 20,8 3,5
Bell Rock S 25,9 0,4
B 25,9 0.4
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York River
Salinities at Stations near George P, Coleman Memorial Bridge
at Gloucester Point

Nun '*28" Stake 1%

Date ' (channel)

1955 S B : S B
14 Jun (409 18.1 18,8
22 Jun 21,3 21,3 18,6 20,7

, 27 Jun 19,7 20.6 19,7 20,1

7 Jul 20,9 24,1 20,6 21,1
13 Jul 22,3 22,5 22,5
14 Jul 22,7 22,17 22,1 22,5
15 Jul 22.3 22,3 21,4 21,8 7
18 Jul 21,6 21,8 ‘ 22,1

19 Jul

20 Jul 23,0 :

21 Jul 23.0 22,4 23,0 22,8

22 Jul 22,4 22,9 22,0 22,6

25 Jul : 24,3 22,7

27 Jul | | 22,9 22,5 22,5 )
28 Jul 22,9 22,0 : 22,3 23,4

1 Aug 20,4 23,2 22,7 23,0

2 Aug 21,4 22,7 22,5 22,5

3 Aug 22,5 22,5 22,9 22,7

4 Aug 22,8 23,0 22,9 23,0

5 Aug ' 22,2 23,0 . 22,9 22,5
18 Aug 14, 0 18,8 15,6 15,8
19 Aug 8.7 17,4 11.9 11.9
23 Aug T2 19.8 7.1 7.0
24 Aug ' 7.8 21,1 8.§ 1.6
25 Aug 4,8 11.8 5.5 5.1

8 Sep 16,0 19,7 15,8 16,0

% Directly inshore from Nun 28 on oyster ground in 6 to 8 feet of water,



TABLE 7

Salinity at the /Suri“ace, Gloucester Point

Date Salinity - parts per thousand

1 Aug 5b 23,3

2 22,9

3 22,9

4 23,0

5 | 22,9

6 ' . 23,1

7 22,9

8 23,3

9 ' 23,1

10 23,3

11 23,4

13 22,0

15 20,5

16 " 19.3

17 , 22,1

18 . 18,0

19 ' ' 15,0

22 , . 13.9

23 - 14.8

24 - ‘ ' 13,1

25 o 9.7 - 10,3

26 | 8.6 - 11,5
.27 : , 15,2

28 , ' : 14,0

29 ' 8.8 ~ 9,2

30 11.1 - 12,6

31 14,8
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TARLE &

River runoiff in the Rappahannock River and York River system
during August 1955

Figures trom gaging stations of the State Division of Water Resources
at I'redericksburg on the Rappahannock, Beulahville on the Mattaponi,
and Hanover on the Pamunkey.

Cubic feet per second

August Rappahannock “Mattaponi w.Bamunkey
YR I ‘;. L g

1 120

2 111

3 134

4 139

5 129

6 162

7 171

8 b26
9 1,700 2,530
10 730 !
11 419 41 $8 -
12 924 i
13 22,900 25, 600
14 15, 000 7,410
15 9,210 11, 800
16 3, 640 ' i
17 4,140 2,530
18 39, 300 a /
19 67,700 ;/ 74,500

" 20 24, 600 5, 380 j

21 5, 630 3,440
22 3, 850
23 5,030 64320
24 3,810
25 2,530
26 1,960 ’
27 " 1,710
28 1,490
29 1,300
30 1,150
31 1,100
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Low Oxygen il

St (.: /:; ], YOO T 4 3
Tanle % RAPPAHANNOCK RIVER ,
1 September 1Y5b

Oxygen Samples

Time Depth QO Zml [liter

1600 Smokey Pt, Oyster Bar (1 oysterman

working ~ no mortalities) 1b 1.7
1730 Smokey Ft, (in channel) 2¢ 0.0
1630 Morattico - Nun "12" 10 3.8
20 0.3
30 0.0
1640 Morattico-Oyster Bar 12 3.4
7 September 1955 Cruise Low Oxygen #2
0731 R ¢ 10 4,24
20 2,06
30 2,427
40 1,00
0847v FLR "6" - R 14 10 3,75
' 20 1,15
30 0.40 -
40 0. 26
52 0,02
0v2¢ FLG "10Y - R 1y | . 10 2,91
: 20 1.09
25 0,39
_ 28 0,31
Oybb FLW M11" - R 22 10 3.00
. 20 1,09
: 29 3.877 -
1018 N "12" - R 2b 10 3.206
21 1,73
30 0,44
35 0. 35
1100 Bowlers Rock - R 29 L 10 3.90
' o 15 3.bY
""" ' 20 3.00
26 3.00
1137 FLW 34" - R 3b 10 4,62
. ' - 20" 4,52
30 4,51
1200 N "30"™ - R 37 10 4, 84
20 4, 80



Cruise Low Oxygen 2

u 7

Table 1o POTOMAC RIVER A e
8 September 1955
Time Depth Ozml/liter
122 7 FLR "“6" - P5 : 10 3,94
' 20 2.57
30 2, 86
40 1,067
: 60 4.5Y
1252 TFLR Y8 - Py 10 3.20
20 2,59
30 2,50
o 40 2. 47
1320 QKFLR "10' - P 12 ‘ 10 3,26
20 2,42
30 1,53
4u , 1,21
50 0,38
70 0,00
1552 Otf Ragged Point - P 16 10 2,76
: 20 1.11 -
30 0,30
40 0,32
. 50 0,26
1625 Otf Machodoc Creck - P 20 SW . 10 4,37
1 mi, SW of P 20 . 15 | 1,05
: 20 0,26
104 BW "F'' . P 24 10 ‘ 4,30
. 20 0. 76
30 0, 30

40 0. 26



TAB LI

1.

Summer Oxygen Conditions -~ Rappahannock River

(C.B.1I. Records

Disgtance from mouth of river - C,.B.I. station numbers

RO R R14 R26 R37
Cruise Depth Op| Depth Oz Depth 02| Depth O2| Depth O
humber Date (M1/L) (M1/L) (M1/L) | (ML/L) | (M1/L)
I 1 July 1949 0 5.4 0 4,7 0 5.0 0 4, 4 0 4,4
12 5.3 1 14 4,6 1 14 4,81 13 4,7 10 4,4
24 4,81 28 4,51 28 4,2 1 25 2,2 20 3.6
36 4,3 | 42 3.2 | 42 1.6
11 18ep1949 | 0 5,1| 0 5.4| 0o 58| 0 5.4 0 5.6
10 4,6 | 14 5,1 | 14 5.6 110 5.2 10 5.6
22 3.9 1 28 4,0 | 28 3.0 | 20 4,4
34 3.5 42 3.2 | 42 2.6 '
VI 15 July 19507 0 4.4 0 6.0 0 6.0 0 5.3
10 4.4 1 10 4,8 | 10 6.2 | 10 3.7 -
20 4,3 | 20 3.2 | 20 2,8 120 0.8
30 3.8 1 30 2.3 | 30 2,5 125 0.8
38 2,8 | 44 2,4 | 40 1,8
x 27 May 1951 0 5.6
10 5,6
20 b, 2
30 4,8
40 4,7 -
54 5.0




TABLE Q.
Summer Oxygen Conditions - James River

(C.B.X. Records)

Ji J1L N JL 8 J10 1B J10 S J16 J24
Cruilse Depth 0, Depth 02 Depth 0, Depth 0, Depth 0? Depth o, Depth O
number Date  (ML/L) (ML/L) QAL /) (ML/L) ML/LYT  @L/L)” i/
T 8 July 0 4.94 0 5.07
’ 1849 9 4.82 20 5.00
26 &4.76 40 4,46
1"3 e 60 4-[5‘5
I 9 July 0 4,52 0 4.43 0 4.5 0 4.71 0 4.13
15U 26 4.34 17 4.52 8 4.45 8 4.83 9 5.11
71 40 4.37 36 4.13 15 — 18 4.27 18 4.42
60 4.20 51 4.52 21 4.46 28 4.28
1949 20 5.41 17 5.14 13 4.45 8 4.87 9 4.82 10 4.99 20 5.74
' 40 5.08 34 4.91 21 4.45 15 4,86 18 4.76 20 4.92° 40 5.14
60 4.73 51 4.59 25 4.81 40 4.92 60 4.94
28
TABLE
Summer Oxygen Conditions -~ James River -~ 1950
(C.B.I. Records)*
‘Distance from mouth of River - C.B.J. Station Numbers B
Station J6 Jil J11 1 Jil ¥ J13 J17 J1l7 B
Date .
when lowest 21 June 26 June 23 June 21 June 30 June 17 June 18 June
value occurred
Depth 0, Depth 0, Depth O Depth 0, Depth 02 Depth O, Depth 0O
““““ (UL /L) (ML/5) QLA L QIL/r) T dL/u) Q1/1) (141./L)
0 5.01 0 6.17 0 4.12 0 4.42 0O 4.46 0 2.56 0 3.73
5 - 5 5 4.17 5 4 4.49 5 5
10 4.39 10 4.91 8 4.11 10 4.51 10
15 15 12 4.29
19 20 4.08
20 3.99 25



TABLL ) 3.
Summer Oxygen Conditions - James River ~ 1950 (Continued)

(C.B«I. Recoxds)

Dlstance from mouth of River -~ C.B.T. Station Nunbers

Gtation J17 W J19 J19 W J21 24 A J24 & J24 W
Date
when lowest 206 June 30 June 29 June 17 June 22 June 30 June .20 June

value occurred
Depth 02 Depth O
(141 /1) (M1 /1)

Depth 0, Depth 0, Depth 0, Depth O, Depth O,

2 an/)” eu/w- e/ aafyt e/’

0 5002 0 4-17 0 4054 O z’r-()l(* O 4‘&8 0 3076 0 [;‘-61
5 6 5 5 5 6 3.97 8 4.00
16 3.91 7 3.21 6 3.67 7 10 4.52 :
15
19 3.95
TABLE
Summer Oxygen Conditions - James River - 1950 (Continued)
(C.B.L. Records)*
. Distance from mouth of River ~ C.BD.L. Station Numbers
Station J6
Date )
when lowest 10 July 3 July 12 July 12 July 12 July 12 July 12 July
value occurred
Depth 0, Depth O, Depth 02 Depth Op Depth O, Depth O? Depth O
(M1/1) (1l /L) (M1 /1) (L /L) ML/1) QIL/L" /)"
0 4.80 0 3.3% 0 5.20 0 5.01 0 5.26 0 4.86 0 4.77
6 5 5 5 - 5 5
8 4.76 10 4.83 6 4.35 10 T 710 10 3.75
15 11 4.10 ’ 15
20 . 20 3.88
23 4.55 25 2.60
J17 W - J19 J19 W J21 J24 A J24 T J24 W
6 July 11 July 6 July 3 July 3 July 6 July 6 July
0 3.77 0 4.77 0 457 0 4.18 0 4.30 0 4.30 0 3.89
9 5 5 4.33 5 3.60 5 & 5 3.35
10 4.05 7 4.38 10 4.70 5 3.37
15
19 4.64

*During June and July of 1950 hundreds of 0, determinates were made at
short intervals of time in the James River, during opevation Oyster Spat.

All stations sampled during this survey arc listed below, but only one
series of oxygen determinations is listed for each month. This series,
however, is the one which contained the lowest O value recorded for the
period.



TABLE /3

(C.B.L. Records)

Summer Oxygen Conditions - York Rivexr

YO
Cruise Depth O9  Depth 0, Depth O Depth Oy
number ML/L) G1L/L) (ML/L) (ML/1)
I 4 July 1949 0 5.42 0 7.10 0 0 5.88
20 15 6.54 10 14 4 .04
40 4.67 30 5.46 20 28 3,65
60 4.47 50  4.55 30
70 ) [l' . 40
II 30 Aug 1949 0 5.26 0 5.20 O 0 4.21
20 4.78 15 4.59 10 10 3.94
40 4.28 30 4.23 16 20 3.36
60 4.15 50 4.40 26
70 4.54
11T 14 July 1950 0 4.39 0 5.10 O 0 4.68
10 4.68 10 4.8 10 10 4,10
20 3.75 20 4.16 20 20 3.78
30 5.16 30 3.43 30 27 4,09
40 4,08 40 3.36 34
66 60 3.17

3.25
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Distribution of Oystar Mortality
in the Rappahannock River

September 10 - 13, 1955

The attached chart, based on curveys in the upper rviver on
September 10, 1955, by J. L. McHugh, and in the lower river on Sepfember
13, 1955, by J. D. Andrewsp, i8 an attempt to show diagrammatically the
distribution of mdrtality following the two hurricanes of mid-August,

Since the average mortality was less on the public rocks than on
planted grounds, fhe two were not combined, The left-hand chart shows
that, on the public rocks, the heaviest mortality extended from Ross Rock
to Hoghouse on the right side of the river, but only to Piney Island on the
left side, The ?ight-hand chart shows that, on planted grounds, the
heaviestA moxtality slso cntendadfarther downstream on the right side of
the river. There are no private grounds above the Bowlers Rock area.

The broken linea represent the grand mean mortality 'in per cent
for sach set of records. T‘he shaded areas include those grounds on which

mortality equalled or exceeded the mean., It should be noted that the

heaviest mortality occurred nearest the shore.

J. L, McHugh
19 September 1955
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Memorandom on Fregh-waler Kiils

During o recent telephone conversation with Dr, Pritchard, I learned that
the Commitiece i8 considering fresh-water kill based on calculations of the time
oysters were cxposed to certain low salinities, Also, that the low-mortalitics on
the uppermost bars may be explained partly by assuming that these oysters have
already been selected for resistance to low galinities by spring freshets, These
aro obvious approaches which we too have considered, but certain additional data
available to ugs may influence your decisions, I am sending several tables cons
taining information collected for other purposes and hastily reproduced for the
Committee. '

Tables 18 and 19 contain salinity data collected during oyster studies in
the past eight years, Moet of the records are in summer and late fall and no
attempt has been made to weigh the data to obtain annual means, These data were
assembled to arrive at a late sumimer mean for Dermocvetidium studies, In the
past eight years 1947 was the driest, 1948 and 1949 a wet period, 1950 fairly dry,
1951 and 1952 increasingly wet and the remaining yeare dry until this past
August, The last spring we had indications of fresh~water kill was 1952, It will
be noted that salinities during the past three ycars have been exceptionally high
in the Rappahannock River, From salinity data alone it seems unlikely that fresh.
water kille have occurred at Ress and Bowlers Rock in the past three years,

Table 20 lists the percentage of boxes found on Ross and Bowlers Rock
during the pact eight {all surveys, Althouph these examinations were in the fall
about six months after spring freshets might be expected to kill oycters, we
would expect some boxes to be retained intact, The exa nination on 10 June 1952
followed a report of dying oysters on Ross Rock, No indications of recent mor-
tality were found, The rate of oyster setting on these grounds is very low and
most of the oysters are small but probably fairly old. Table 20 indicates no un- -
usual mortalities in the past eight years and if there were fresh-water kills they
probably cccurred in 1949 ang 1952, My tentative conclusion is that low salinity
selection, if any, probably occurred among spat which are extremely scarce
each year on the bars.

I am also including records of box counts for Deep Water Shoals in the

-James River {Table 21)., I feel that this bar is much more subject to fresh~water
<ill than its counterparts in the Rappzhannock, The bottom on this bar is composed
of cinder, much of it under an inch in lengtn, I believe that some fresh-water kill
occurs here almost every year and the numerous shells of demi- and quartev-
sized oyoters are part of the background for this belief, A comparison of condi-
tions in the James and Rappahannock Rivers in August 1955 is of chief importance
r(zao?}jv.}/éﬂ'};;_.;e James appears to have had a typical and simple fresh-water kill without
col{f’licthg circumstances, We are awaiting water records on the James River
flow,

Particular attention is directed to tho timing of the fresh-water kill in the
James, My experience is that fresh-water kill occurs slowly, Summer tempera-
tures undoubtedly accelerate the rate of dying, but Loosanoff's paper {Convention
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Dapers of Nat, Shell, Assoc, 1952) indicates mortalities at summer tempera-~
tures may straggle for a week or two even in fresh water, The important point
to remember about the August losses in the Rappahamock ig that we have quite

good evidence that most of the oysters died in a one~or two-day period, Gapers
were abundant on the 25th, common on the 26th, and rare ‘by the 29th of August,

Dr, Pritchard stated that calculations based on CBI records indicated the
oyster grounds above Morattico(?) were subjecied to salinities under five parts
per thousand for 70 per cent of the time, I don't know what years these calcu-
lations are based on, but it would be pertinent to determine if they were average,
wet, or dry. I would like to point out that our oysters ars relatively inactive
from December to March each year, Oysters are guite tolerant of low salinities
~during the cold months and since they feed but little then, growth and condition
are probably unaffected also, This leaves only the two months of April and May
during which low salinities are expected to seriously impair cyster activities,
Table 19 shows that salinities are uvsually guite adequate in the summer and fall,

Jay D, Andrews

Oyster Biologist

Virginia Fisheries Laboratory
Gloucester Point .

September 26, 1955



Notes on Survey of Rappahannock and Corrotoman Rivers, 23 September 1955

J, D, Andrews
Virginia Fisheries Laboratory
Gloucester Point

We began this trip with the intention of resurveying the Rappahannock
River {rom Hoghouse to Morattico, Upon arrival at Urbanna, inspector H., C,
Doggett informed us that on the previous day he had found numerous dead oysters
in deep water on "lumps" off Burhan's Wharf below Hoghouse and particularly on
Big Middleground in the Corrotomsn River, These two bars had not been ex-
amined previously this summer but other bars in the areas had been examined
on 1 September 1955 and at that tiime no unusual mortalities were seen, DBurhan
"lumps" are hard to find unless an oysterman who knows the area intimately is

.aboard but we did proceed to the Corrotoman River,

We examined all of the important public grounds in the Corrotoman and
all had excessive mortality of oysters except Corrotoman Point, a shallow bar
at the entrance to the river, On 1 September we sampled the deepest edge of
Corrotoman Point as a quick check on the status of oysier grounds in the Corro-
toman, Unfortunately this gave us no indication of the losses occurring in the
river for mortality was low on Corrotoman Point then and is low yet,

Many of the oyeter grounds in the Corrotoman River are decp and, with
oxygen deficiency in mind as a possible mortality factor, we sampled the deepest
part of some bars, For this reason the figures on mortalities probably indicate
more severe damage than actually exists in the river,

From Big Middleground to Shelton's bar.the losses exceeded 50 per cent
and nearly all boxes were without appreciable fouling of any kind, I would estimate
that theee were boxes not more than two weeks old. The boxes at Hoghouse and
Goose Point, which occurred during the big Rappahanrock River kill almost a
month ago to the dey, had sea squirts, bryozoa, and other fouling organisme,

It wae easy to gee that the mortalities in the Rappahannock and Corrotornan
Rivers occurred at different times,

Above Shelton's bar, two private grounds bad much lower mortalities and
the boxes wore less recent, with some fouling on the inner surfaces, Many of
these had a moss«like covering of hydroids or bryozoa, It appeared that the losses
on these grounds occurred earlier this summer than two weeks ago, Pollard's
ground, which is not far above Shelton's, is deeper yet new boxes were fewer and
there was little evidence of unusual mortality,

In the Middleground to Shelton's area, the recent mortalities seem to be
quite clearly related to depth of water. Since many recent boxes were found on
the edge of Island Bar, another dredge haul was made on the ghallow part of the
bar. Here the count of boxes was low, The difference in depth between these two
hauls was only two or three feect, Pollard's ground, lying back from the channel
in fairly shallow water, also had low mortahty. Big M1ddleground Bar Rock,
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and Black Stump, which are unusually deep grounds, had the highest mortalitics,

Black shelle and diecolored oysters were seen in abundance in all the
dredge haule in the Corrotoman River, As the oystermen would put it "they
don't have good color,” I believe the distribution of the mortalities with depth
and up and down the river, and the black shell indicate clearly that low oxygen
conditions were probably the cause of the mortality, The water in the Corro-
toman, pariicularly up the river, has a very dark brown to black color now,
which reminds me of the coffce~colored wator of Dismal Swamp.

Nowhere is the picturc as clear as inthe Rappahannock Exceptions to a
pattern of low oxypgen or fresh water kill,. or both, accumulate with every exam-
ination of the grounds, Today Druminond Ground and Hoghouse Rock showed in-
creages in box counts yet no gapers were found, Only one gaper was found all
day. Rogue's Hole has a conzistently low ccunt of boxes. On the inshore edge of

"Goose Point, in the same area sampled previously, the box count was consider-

ably lower than before, The offshore adge of Goose Point, based on a small
sample, shows much greater mozrtality than the inshore edge. This is a reversgal
of the offshore to inshore ratio found in most previous samples, Finally, the
Towles Point ground sampled, which was in 26 feet of water as measured by a
lead line while dredging, had a low mortality and a level of losses which might be

consgidered normeal,

. Since oxygen deficiency may be involved in mortalities occurring now, we
attempted to throw a lead line while dredging to determine the depth, The
figures given are depths at the end of the dredging or the depth range during
dredging. (Table 22),

‘Oysters were collected from Hoghouse for Dermocyatidium marinum and
condition tests, Ten oysters were collected from several different places for
Nematopsis checks, Oxygen and salinity samples were also collected (Table 18).




TABLE 14

Summary of Dermocystidium marinum infections in oysters from
the mortality areas

Number Number of infections Per cent| Weighted
Location tested | Heavy|Moderate] Light| Negative| infe ctedl incidence

i

apon

Rappahannock River
Hoghouee to Morattico

Live oysters 50 1 4 16 29 42 0,66

Gapers 113 6 11 45 51 55 0. 99
Above Maorattico

Live oysters 54 | 54 0 0. 00

Gapers 27 1 26 4 | 0,04

York River
Gloucester Point to

Bell Rock v
Live oysters 192 4 22 66 100 48 0.79
Gapers 33 | 3 9 20 39 -] 1.00
Trays at Gloucester
Point
Tray 11 '
Live oysters-10 Sep 25 1 9 14 1 96 1. 84
Gapers for August 13 12 1 92 4, 62

A1l trays~August 1955
Gapers 236 213 11 6 6 97 4, 68

# & value combining incidence and intensity of infections. The intensity cate~
gories of negative, light, moderate, and heavy were assigned, respectively, the
arbitrary values of 0, 1, 3, and 5, The weighted incidence ie obtained by adding
all of the intensity values for a group of oysters and dividing by the total numbers
tested, A weighted incidence of 1, 0 indicates that the average infection in the
group was light, etc,



TABLE 15

Cuiture tests of live oysters for Dermocysiidium marinum, August and September 1955
Virginia Fisheries Laboratory, Gloucester Point
]

Number of oysters Per cent Weighted
Date Location Tested Heavy | Moderate| Light| Negative infected incidence
Rappahannock River
29 Augl Smokey Point 10 1 3 6 - 40 0. 60
25 v Pollard’s ground v
{off Deep Creck) 10 2 8 20 0,20
Z5 ¢ 2ollard’s ground {Piney Is, )] 10 4 ') 40 0. 40
30" Piney Island {ofishore) 10 1 3 1 5 50 1.50
29 " Morattico Bar : ‘
{offshore corner) 10 6 4 60 0,60
29 v Layton's Ridge 4 4 : 0 0.00
26 @ Bowler's Rock 25 25 1] 0. 00
26 ¢ Garrett's ground {above
Bowlers) 25 25 0 0.00
York River’ .
19 Aug] >ages Rock 25 2 1 2 20 20 0.60
19 v Fred Leigh's ground :
{across from Claybank) 25 2 12 11 56 0,72
19 v Williazns® ground {cff Fox :
Creek) 25 1 7 13 4 84 1.56
Blzke's ground {off
Claybank) 25 3 4 18 28 0,52
6 Sep| Porcpotank Creek 22 8 14 36 0. 36
19 Aug| Bell Rock 25 1 2 11 i1 56 0.88
2g v Bell Rock 20 6 14 30 . 0. 30
6 Sep| Bell Rock 25 7 10 8 68 1,24
Normini Bay
4 Sep | Muarphy'e ground 20 - 20 0 0.00




TABLE 15
{continued)

. Némber of oystars Per cent Weighted
Date Location Tested Heavyi Moderatex Light \Negative infected incidence
Machodoc River
1 Sep | Tidwell area 13 ‘ : ‘ 13 0 0. 00
u 7 12 0 0.00

12




TAB

LE 16

Culture tesis of gapers for Dermocystidium marinum, August and September 1955
Virginia Fisheries Laboratory, Gloucester Point

Number of oysters Per cent Weighted
Date Location Tested Heavy |Moderate | Light | Negative infected incidence
s Rappahannock River -
Drummond ground 1 i 1G0 5,00
30 Aug | Hoghouse Rock 2 2 100 1,00
30 ¥ Ferguson's ground {Hoghouse) 1 1 0 0,00
30 " Ferguson's ground {Urbanna
reek area} 8 1 7 100 1.50
30 ¢ Ferguson's ground (Urbanna
Creek area} 2 1 - 1 50 1,50
3¢ v Goosge Point 27 5 10 12 55 0.96
25 " Smoky Point 2 1 1 50 2,50
6 Sep | Smoky Peint 8 . 8 o 0. 00
29 Aug | Biluff Rock {inshore) 8 i 1 3 3 62 1,38
29 " Piney Island {inshore} 15 2 9 4 3 6,74
25 Pollardis ground {(Piney Is.} | 10 1 1. 6 2 80 1,40
A Pollard's ground {oif Dzep
Creek) 9 1 8 100 1,40
29 " NMorattico Bar 15 2 3 10 33 0.60
29 " Lord Mott ground (Morattico} 15 1 ‘5 9 - 40 0,53
29 ¢ Layton's Ridge 18 1 17 6 0,06
. 3 Sep | Jones Point 8 : 8 0 0.00
29 Aug |Ross Rock 1 i 0 0.900
York River
29 Aug | Blake's ground {Claybank) 25 1 3 9 12 52 0.%2
31 v ravia ground (Bell Rock) 8 ) 8 g 0, 00
Nomini Bay '
4 Sep |Murphy's ground 20 20 6
" 1 10 1 ° 10 0.10
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TABLE 17

Monthly tests for Dermocystidium mwarinum in live oysters
Hoghouse Bar Natives, dredged from an cndemic area

amite.

o

Number Per cent infections Per cent| Weighted
Date tested | Hoavy|Moderate | Light| Negative | infected | incidence
1953 _
7 May 26 0 0 0 100 0 0.00
16 Jun 20 @ 0 5 95 5 0, 05
7 Jul 52 2 4 4 92 8 0.25
4 Aug 50 2 A 12 84 16 0,28
31 Aug 50 z 2 20 76 24 0.36
2 Oct 50 2 2 30 66 34 0, 46
2 Nov 50 0 12 32 56 44 0, 68
2 Dec 50 0 2 44 54 46 0. 50
1954 : -
7 Jan 25 0 0 12 88 12 0,12
2 Feb 25 -0 0 0 100 0 0. 00
8 Mar 60 0 2 5 93 7 0.10
1 Apr 40 0 0 Z 98 2 0.03
12 May 40 0 0 0 100 0 0. 00
1 Jun 40 0 0 8 93 7 0. 08
2 Jul 40 0 8 5 88 13 0,28 .
28 Jul 40 0 10 12 8 22 0.43
30 Aug 40 0 10 32 58 42 0. 63
4 Oct 25 4 12 40 44 56 1. 20
29 Oct 25 4 16 52 28 72 1,20
1955 )
17 Jan 25 0 0 8 92 - - 8. 0. 08
1 Mar 25 0 0 0 100 0 0. 00
29 Mar 25 4 96 4 0, 04
, 28 Apr 25 100 0 0,00
1 Jun 25 100 0 0,00
30 Jun 25 8 4 88 12 0,24
27 Jul 25 12 88 12 0.12
26 Aug 25 8 20 52 20 80 1,52
Hampton Bar Transplants, tonged from an endemic area
1953 '
20 Jan~ 51 0 0 10 90 10 0,10
15 Jul 25 4 16 8 72 28 0. 76
23 Jul 25 4 20 12 64 36 0.92
10 Aug 45 0 7 38 56 44 0.58
27 Aug 50 0 . 12 36 52 48 0,72
2 Oct 30 0 17 47 37 63 0.97
2 Nov 40 5 5 62 28 72 1,03
2 Dec 40 2 2 40 55 45 0. 60



TABLE 17

(continued)
Number Per cent infections Per cent] Weighted
Date tested |Heavy| Moderate | Light | Negative | infected| incidence
1954
6 Jan 40 0 2 32 65 35 0, 40
9 Feb 40 0 2 15 82 18 0.23
8 Mar 40 0 0 2 98 2 ‘ 0. 03
3 Apr 40 0 0 0 100 0 0. 00
11 May 40 0 0 0 100 0 0. 00
3 Jun .40 0 0 28 72 28 0.28
1 Jal 40 2 5 20 72 28 0,48
29 Jul 40 8 10 8 75 25 0.75
27 Aug 40 12 22 20 45 55 1, 50
13 Oct 25 4 32 52 12 88 1,68
2 Nov 25 0 28 40 32 68 1,24
10 Dec 25 0 0 36 64 36 0.36
1955 A
10 Feb 25 0 0 24 76 24 0. 24
9 Mar 25 0 0 -8 92 8 0.08
2 Apr 25 160 0 0. 00
27 Apr 25 ' 4 96 4 0. 04
31 May 25 | 4 96 4 0. 04
1 Jul i 25 8 4 12 76 24 0,68
26 Jul 25 8 12 28 52 48 0. 84
1Sep ; 25 0 0 24 76 24 0. 24

Gloucester Point Nativep, collected from Ferry Pier pilings in an endemic area
1953

17 Aug 50 2 20 30 48 52 1,00
27 Aug 50 0 20 54 26 4 1,14
6 Oct 40 5 8 35 52 48 0. 83
29 Oct 25 0 20 36 44 56 0.96
1 Dec 25 0 20 36 44 " 56 0. 96
18 Dec 25 0 8 52 40 60 0. 76
1954 )
7 Jan 25 ) 0 12 88 12 0.12
1 Feb - 25 0 0 20 80 20 0.20
4 Mar 25 - 0 8 16 76 24 0.40
7 Apr 30 0 0 0 100 0 0. 00
6 May 25 0 4 16 80 | 20 0.28
3 Jun 25 0 16 16 68 32 0, 64
29 Jun 25 4 4 16 76 24 0,48
29 Jul 25 0 36 28 36 64 1,36
26 Aug 25 12 36 32 20 80 2,00
12 Oct 25 4 28 52 16 84 1,56




TABLE 17
{continued)

o o

rsenumime

Py —
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Number Par cent infuctions Per cent| Weighted
Date tected | Heavy| Moderate| Light| Negative | infected| incidence
1954
5 Nov 25 4 36 48 12 88 1,76
30 Nov 25 0 8 56 36 64 0, 89
1955
14 Jan 25 0 4 36 60 40 0.48
3 Feb 25 0 4 16 80 20 0.28
2 Mar 25 0 0 8 92 8 0,08
"1 Apr 25 ‘ 100 0 0,00
28 Apr 25 4 96 4 0. 12
2 Jun 25 24 76 24 0, 24
29 Jun 25 20 32 48 52 0.92
26 Jul 25 32 32 36 64 1,48
29 Aug 25 4 24 44 28 72 1. 36

!
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TABLE 18

Salinities in rivers of lower Chesapeake Bay
(Scattered records from 1948 to 1955)1

J. D. Andrews
Virginia Fisheries Laboratory
Gloucester Point

Number of Salinity in parts per thousand
Station samples Mean - Range
ettty imge
James River
(Late summer~-July to September records only)
James River Bridge, T 11% 115 17 9 - 22
‘greck Shoal, J 17 E# 359 14 4. 20
€ep Water Shoal, J 24% 108 , 7 1-13
York River ;
(annual - all records)
Gloucester Point, Y 6% o : .
Bell's Rock, v 25% (surface) 42 10 . 2 - 21
(25 feet) 33 14 6 - 22
Rappahannock River
{annual - all records)
groad Creek, R 0% 71 16 8 - 22
Oghouse Rock, R 15% - 50 15 9 - 21
‘Orattico, R 25% 26 12 720
ock, R 35% 10 9 1-16
Potomac River
(annua)_.)
Moutp of river, P 0 - 5 14 1.7
\\——,
1

"’ Mostly VFL records with some CBI records added,
Station designations employed by CBI, indicating distance in nautical miles

from mouthe of rivers,
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TABLE 19
Rappahaunnock River Salinity Records
Compiled by J. D, Andrews

Virginia Fisheries Laboratory
Gloucester Point

Lievels: 1 2 : 3 4 5
: Broad | Buflers
Year Date Creak Hole Hogheouse | Morattico | Bowler Rossg
S BIS B S B S B S B| S
1948 1 Dec , 1 10 4
2 Dec| 15 16 10
1949 |31 May ’ 11 6 5
1 Jun | 13 14 '
29 Sep 17 17
7 Nov 19 ' 9
8 Nov 12 111 11
16 Nov 15 13

1950 |24 Mari 15

8 Jun | 14 |13 12 8 6
30 Qct | 17 14
31 Qct : ' 10
1 Nov 8 K
1951 2 Jul 14
. 30 Qct 17 18
31 Oct ' 15
1 Nov 17
1952 9 Jun 8 9 {10 10 7 7 5 5
10 Jun 9 9 3 4 1
25 Jun |13 13 113 13 12 .. 12
2 Jul 12 13 12 11
9 Jul |16 17 {15 18 13 13
16 Jul |14 15 {14 16 13

23 Jul |14 14 |14 14 13 13
30 Jul |15 15 |15 15 14 15
7 Aug |16 17 |17 18 | 15 '
15 Aug [16 17 |17 16 | 15 14
20 Aug |16 17 {16 16 15 15
27 Aug {16 16 [16 16

15 Sep |16 16 16 15 15
26 Sep |17 17 (16 16 | 15 15 - '
27 Oct |17 7 (17 17 i6 16 13

i 28 Oct 16 13



TABLE 19

(continued)
Levels 2 3 4 5
-} Dread | Butlers
Year| Date| Epecial Creek | Bole Hoghouse | Morattico| Bowlers| Noss
S BI{S B| S B S B1|S B |5 B
1953 1 Feb . 8 9
4 Oct 20
8 Dec 19 13 12
11 Novw 21 22 20 21 20 19 117 18
1954 |
14 Jul 11
24 Jul 11
4 Aug 14 :
17 Aug 21 21 19 16 18 18
25 Aug 15
27 Aug | Windmil]
Point
26
4 Oct |Rogues 19
Hole
19 ‘
11 Nov 19 20 |17 18 16 16
12 Nov 22 22 21 21 '
1955 | 7 May 14 15 14 16 12 131 8 11
6~18 Jun 16 18 15" 19 13 1719 15
- 130 Jun 15




Box counts on Bowlers’ and Ross' Rocks from fall surveys

TABLE 20

Je D. Andrews

Virginia Fisheries Laboratory

Gloucester Point

s g e

T s R L AR

-~

Size Bowlersa! Rock Ross® Rock
sample Count of Count of
Date {(bu.) Dead Live | Percentage Dead Live | Percentage

2 Dec 1947 1/4 1 40 2,4 0 15 0

1 Dec 1948 | 1/4 3 30 91 0 50 0
16 Nov 1949 1/2 0 10 0.0 3 152 1,9

1 Nov 1950 1/2 0 46 0.0 1 38 2,6
31 Oct 1951 | 1/4 2 16 11,1 0 96 0.0
10 Jun 1952 | 1/2 5 55 |- 8.3
28 Oct 1952 1 0 104 0. 4 118 3.3

9 Dec 1953 1 4 100 3.8 4 88 5,7
11 Nov 1954 1/2 3 61 4,9 2 62 3.1




TABLE 21

& spfLS e T

Counts of boxes at Deep Water Shoals, James River!
J. D. Andrews
Virginia Fisheries Laboratory
Gloucester Point
Sample gize Count of Per cent
Date {(bu, ) Dead Live dead Remarks
19 Mar 1947 1/4 0 112 0,0 | 1947 was a dry
n 1/4 2 133 1.5 | season and a very
21 May 1947 1/4 8 101 7.4 | heavy set occurred
© 11 Jun 1947 1/4 6 140 4,1 | here, Count of
10 Jul 1947 1/4 4 126 3.1 7000 per bu, on
17 Jul 1947 1/4 5 86 5.5 | 23 Oct.
21 Aug 1947 1/4 10 91 9.9 |
12 Sep 1947 1/4 3 35 7.9 | much cinder
23 Oct 1947 1/4 5 80 5.9 | 1947 set heavy
1 Jul 1948 1/4 20 42 32,2 | (16 spat boxes
5 50 fresh scars)
3. Nov 1948 1/4 31 60 34,0 -
4 Nov 1948 1/4 27 68 28,4
24 May 1949 1/4 14 71 16,4
6 Jul 1949 1/4 29 38 . 43,2 | 22 recent, no fouling
2 Nov 1949 1/4 17 107 13.7 | inside valves
2 Nov 1949 1/4 24 366 6.2
18 Nov 1949 1/4 4 58 6.5
20 Felb 1951 1/4 U 195 0.0
26 Nov 1951 1/4 3 272 1.1
12 Nov 1952 1/4 4 384 1.0
3 Apr 1954 1/4 1 324 0.3
9 Dec 1954 4 1228 0.3

1Spat up to a year of age not included because they ofien oceur by the thousands

per bushel and many .,pat boxes are quickly lost,

2Extract from field notes: ""Considering the enormous set last fall, a heavy mor-

tality of spat has occurred, and at this time hardly any of the boxes remain in-
However, even in large
oysters the mortality was high-~roughly one ouf of three was dead,"

tact, the scars are too old to consider as recent,



TABLE 22

Counts of live oysters and boxee in samples from Rappahannock and

Corrotoman Rivers, 23 September 1955

Distance from

. river mouth Counts of Percentage
Name of oyster ground (nautical miles) Dead lLive dead
Rappahannock River
Drummond ground 10 60 299 17
Towles Point (public grounds) 13 16 104 13
Hoghouse Rock 14 47 101 31
. Rogue's Hole 16 3 73 4
Goose Point {(offshore) 17 - 20 14 59
Goose Point (inshore) 17 17 46 27
Corrotoman River
Corrotoman Point 11 5 121 4
L., A, Cgllis! ground 7 103 6
Big Middle ground 115 35 77
Island Bar (deep edge) . 89 66 57
' (shaliow part) 9. 9 189 4
Black Stumnp ' 152 55 3
Shelton's Bar 66 37 64
A, W, Poliard's ground 7 83 8
¥, W, Jenkins' ground 99 410 19




) TABLE 23
Oys:.er Mortality in the James Rwer, August and September 1955
{approximately 1/2 bushel samples)

Wreck Shoal Rainbow Rock Horsehead Rock Tesp Water Shoal
Date Dead Live Per cent|{ Dead Live Per cent{ Dead Live Per cent| Dead Live Per cent
26 Aug 1955 none - 6  1/2bul- 20 1/2bu, - 18 1/Zbu. -
: ' 4 t/3bu. -
304 fow 4 2 - 2373
ug - few - - A 377 1.0 few - 12 37 4,8
8 Sep 2 280 0.7 8 265 2.9 5 386 1.3 {116 209 35,6
24 Sep 0 315 0.0 3 364 0.8 7 409 1,7 91 383 19.2
Long Rock
2
- 1/4 bushel
3

3/4 bushel



TABLE 24
River runoff -U, S. Geological Survey~Charlottesville

Daily Discharge~~Preliminary Record
Cubic feet per second

1
i

-

‘Date Mattaponi Pamunkey
1955 gaging station at gaging station at
August Beulahville . Hanover

1 94 191
2 74 142
3 61 135
4 . 56 . 117
5 47 117
6 41 _ 99
7 40 65
8 42 99
9 45 . 117
10 52 111
11 56 142
12 216 1240
13 2670 6700
14 5430 10500
15 - 11200
16 9900
17 8350
18 10100
19 . : - . 17700
20 6080 20000
21 0450 20000
22 17100
23 _ ' 9300
24 v . 4310
25 1820
26 . 870
27 , R , 729
28 641
29 , 597
30 509

31 : 447



TABLE 25
River runofi - U, S, Geological Survey - Charlottesville

Daily Discharge - Provisional Records
Cubic feet per second

Date James Sum of
1955 gaging station at James near Richmond
August - Cartergville James and Kanawha

Canal near Richmond

1 1600 1814

2 1600 _ 1772

3 1440 : 1793

& 1440 1793

5 1240 1563

6 1230 1400

7 1400 1300

8 1390 ~ ' 1605

9 1530 1542

10 ‘ 1520 ' ‘ - 1688

i1 3250 ' 2220

12 ‘ 3160 5910

13 15300 20390

14 10000 18970

15 : 13960 ' 13870

16 . 10500 ' 15630

17 11100 : 14190

18 66900 ) - 52690

19 95400 ’ 88050

20 46400 88120
21 19000 31100

22 11100 ‘ 15200
23 7410 . 10140
24 6200 8140

25 5010 6690
26 ' 4180 - - 5830
27 . 3680 . 5780
28 3160 4760
29 3000 v 4050
30 3000 3560
31 2800 . © 3530
Total 359, 060 435,090
Mean 11,583 14,035
Second feet/sq, mile 1, 86 ' 2,08
Runoff in inches 2. 14 2,40
Maximum 95,400 : 83,120

Minimurmn 1,230 - : 1,300



NMEMORARDUM TO OYSTER MORTALITY STUDY COMMITTEE

Freom: J. D, Andrews, Oyster Biologist, Virginia Fisheries Laboratory,
Gloucestexr Point,

16 Qctober 1955

I have some guestions and comments on the first draft of the com-
mitieelo report in addition to the discuseions at the meeting about two
weeks ago. Most of these pertained to riverflow and salinities, since
that soction was not discusaed in detail in Dr, Pritchard's absence,

I think that table 1 iz excellent and presents a very dramatic
picture of the magnitude of the freshwater flow in the Rappchannock River
in August 1955,

I presume that the etraight line relationship between water flow
and golinity in figure 1 is a good one and that there is no rezson why the
extreme values would be aberrant in any respect, I am curious how Don
arrived at the method of using four day averages, beginning five days
before the salinity in question, I am thinking particularly of Prancis
Beaven's work showing that the six months progressive average riverflow
came the closest to approximating salinities in the Solomonus area-over
leng peviods of time,

QOur salinity records persistently show less spread from station
RO to R35, or any intermecdiate pair of stations, than are shown in the cal-
culated salinities in figure 2. I recognize that most of our salinity records
were teken in the summer and fall when less spread might be expected,
Alpg, in figure 2, I am impresseed by the relatively little difference it makes 7
if the riverfiow is 13, 000 second feet or 94,000 second feet, The first
rate is not uncommon in the Rappahannock River in the spring. _

In converting 10 foot salinities to 15 foot ealinities, Don used 185
records, most of which I presume were taken when the salt distribution
was in cquilibrium in the river, The salt balance was definitely not in
cquilibrium in August 1955, hence I believe the calculated records show
too little spread between bottom and surface, as compared to actual
measurements, The calculated surface salinities seem to fit the data
quite well, but do appear to recover too fast in the lower part of the mor-
tality arca and too slowly in the upper part,

The calculations of the periods during which salinities were between
three and five parts per thousand seem fairly good, although on 30 August
at high water both bottom and surface waters were well above these levels,
This date ig included in your period of Jow salinities, Even on the 26th
bottom salinities at Bowlers Rock were above five parts per thousand,



nz-

In the section on low salinities and oyster mortalities, I wonder
what the references are for the first two sentences, It appears, also,
that the table on the first page is a duplication of Don's which might be
omitted, Most of the rost of this rection was discussed at the meeting,



' MEMORANDUM ON MACKIN'S MANUSCRIPT, ENTITLED ;
'OXYGEN AND HYDROGEN SULPHIDE" 19 October 1955

J. D. Andrews
Virginia Fisherios Laboratory
Gloucester Point

A few weeks ago I wrote a memorandum to the committee because
I felt too much emphasis was being placed on freshwater kill in the Rappa-
hanngck River oyster mortality, Now I feel impelled to do the same thing
after studying Dr, Mackin's manuscript on oxygen and hydrogen sulphide,
I vealize that hig discussion concerns what may have happened and that it

may need to be integrated with the oxygen section of the preliminary re-
port, However, I would like to ask some questione and make some comments,

My chief criticiem concerns the relative importance of hydrogen
s.ulPhide and ovganic matter in their oxygen demands, The best informa~
tion I can find indicates that mavine plants may have as much as one to
three per cent sulphur, by dry weight, whereas most fishes have well
below one per cent, Disregarding for the moment Mackin's contention
that stored quantities of hydrogen sulphide are washed out of the mud and
carried into the rivers, the oxygen demand by hydrogen sulphide released
Would seem to be rather insignificant as compared with the oxygen required

cto emidine or break down those organic substances, In other words, the

Oxygen used up by hydrogen sulphide production in situ should be relatively

8mall,

' S0 many conditions have been suggested as affecting the oxygen
Supply during this mortality period in the Rappahannock that I have decided

to list al] of which I am aware in approximately the order of their im.
Portance, I personally believe that the first two are of the greatest im-
Portance and that they alone can adequately account for the deficiency of

O%ygen noted in the Rappahannock River,
A LIST OF FACTORS AFFECTING THE OXYGEN SUPPLY (AND

INVERSELY THE HYDROGEN SULPHIDE CONGENTRATION) FOLLOWING
THE HURRICANES CONNIE AND DIANE | _

l. An unusual contribution of ’orgazii'c matter to all waters of the Rappa-
hannock River, particularly those in the mortality area where salting

out may have occurred and probably a most unusual concentration on
Or neay the bottom, |

2, Stratification of the waters preventing normal mixing of oxygen irito
the deeper waters, |

3, An initial oxygon deficiency in the ‘deeper waterg of the river which
appears to be a normal summer condition,
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Disturbance of the plankton population: some native plankters were
killed or washed away; new ones were introduced from fresh waterg:

nutrients were added leading to blooms,

New additions of low exygen watere into the river from the depths of
- Chebdapegke Bay. |

6. The usual production in the anacrobic conditions of the botiom muds
in gitu of the oxygen~demanding gases of organic decomposition, that
is, methane, carbon monoxide, free hydrogen, and hydrogen sulphide,
This source of oxygen demand may have heen accentuated by new de

posits on the bottom,

7 The introduction of H%S {methane also?) from extraneous sources,
that is, washed in from the marshes and other drainage area.

8. Reduction of photosynthesis by turbid and cloudy conditions during
and following the hurricanes.

9% The production of frec H%S by subhate réduc&ion;_i'é the waters became
completely anaerobice : ,

Jim Carpenter had some inform ation on the normal oxygen demand
for water in the James River which, if I recall correctly, was of the order
of a half part per million per day. At this rate it would take only 2 fow
days to deplete the oxygen in the deeper waters if resupply was cut off by
Salinity or density stratification, In respect to the initial oxygen deficiency,
in the deeper waters of the Rappahannock, I am curious ag to the effoct of
the hurricane winds in mixing oxygen into the waters at least as deep as
fifteon or twenty foot oyster bars. I would thinlthat the waters, on the

Ottom over the oyster grounds, probably obtained plenty of oxygen during

the hyr ricanes,

We have no information on the plankton population, although Jim
Carpenter and I saw blooms in the lower Rappahannock on the third of .
¢Ptember, and unusually dense and wideaprezfd' blooms were reportec.i in
the Potomne in the region where heavy mortalities were obsorved, prior
Yo thege mortalities, The blooms in the Rappehannock may have been too
ate to have affected the mortality, The reduction of p?mf:osyntheam in the
Seper waters is obvious, but I wonder how irnporf:ant it ig normally as a
Bource of oxygen in twelve to fifteen feet of wator in the Rappahannock, |

I know that Mac picked out hydrogen sulphide as a factor because

it is 4 toxic substance produced by anaerobic decomposition and by sulphate

reductian, It is not the only gas released by anaerobic decomposition which
May uge up oxygen by chemical or bacterial action, According to Zohell
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methane and fres hydrogen are oxidized by bacteria in the water, Carbon
monoxide and carbon dioxide may also be present, Since 05 to 85 per cent
of the gases released ia methane, the quantity of methane released by de-
composition of organic matter far exceeds that of hydrogen sulphide, If
methane does utilize oxygen, with the help of bactoria, its imporiance in
the oxygen picture may far exceed that of hydrogen gulphide, Dr. Arih-
strong tells me that methane is fairly etable and would probably bubble
out without taking up oxygen, at least in shallow waters,

As I indicated at the commitiee meeting, I am dubicus about tho
introduction of hydrogen sulphide from eztrancous sources, It is hard for
me to understand how hydrogen sulphide can persist unless the flood waters
are completely devoid of exygen., Also, I do not understand why the hydro-
gen sulphide would not react with the iron, copper and other heavy metallic

¢ volumes to form precipitates which are difficult to reintroduce into solu-

tion, Another circumstance which has puzzled me was the almost complete
absence of black mud in the August catestrophe in the Rappahannock River.
1 expect black mud when anaerobic conditions exist, In 1949 the black mud
persisted on the bottom at least ten days, While we do not have oxygen
records for the 1949 period, I believe completely anaerobic conditions

_ existed in the bottom waters, In 1955, the waters must have cleared very

rapidly to eliminate all evidence of black metallic sulphides hefore our
first examination, I would guess that neither the waters nor the bottom
became completely anaerobic at any time during the 1955 catastrophe.

If I understand Zobell correctly, the production of free hydrogen
sulphide by sulphate reduction requires completely anaerohic conditiong.
These are hard to obtain and hold in a tidal cstuary, Zobell gives examples
of types of places where large quantities of hydrogen sulphide are produced
and persist, These are first deep basins with high cills, in regions where
precipitation and runoff exceed evaporation; secondly, in harboro or other
bodies of water which are heavily polluted; and thirdly, in certain circum~
stances where bottom muds are producing hydregen sulphide in great guantie
ties, Most of these areas secem to approach stagnent conditions,

If conditions in the Rappahannock were never completely anmorabics
then presumably sulphate bacteria could not have produced hydrogen sul-
phide and therefore it is unlikely that sulphur bactoria, which oxidize hydro-
gen sulphide to obtain their energy, were present, The purple sulphur
bacteria which might cauee red blooms are mostly autotrophs which obtain
their energy chemically under  aerobic conditions or by the phatic pro~
cess under nearly anaerobic conditions, Thesae requirements mean that

sulphur bacteria have a very limited distribution, becausge it is mosgt

unusual to get quantities of hydrogen suiphide under aerobic conditions and,
likewise, it is difficult to get anaerobic conditions in the surface waters
where the photic process can be carried out, Therefore, as Mackin hao
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ttated, there must be simultaneous high production of free hydrogen sul-
phide and also the presence of some oxypgen for a purple or red sulphur -
bacteria bloom, It would appear from these premises that a red tide
Caused by sulphur bacteria probably would nof exist in moving surface
waters, therefore probably would not be seen from the surface, I may
be off base on these deductions which I have extracted from Zobell and
will be glad to receive correctione, It is interesting that a very vivid
bloom which occurred in front of the Laboratory in water only a foot deep
was sampled by Dr, Hewatt and his students this summer, and to their
surprise, they could find noither naked nor armored flagellates in any

quantities,
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