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along two main lines. These involved the plankton survey and productivity
studies.

In the plankton survey a study of the annual eycle of plankton and associated
environmental variables was carried out in the lower York and the Chesapeake
Bay. Though several preliminary reports of this work have been brought out,
a final report will not be possible until the animal (zooplankton) and plant (phyto-
plankton) plankton samples have been fully examined.

In the productivity work a series of 37 experiments involving the use of light
and dark bottles have been conducted in the lower York. Several others have been
conducted in Chesapeake Bay. Though the data are not fully analyzed as yet,
this information concerning plankton production will probably make it possible
for us to understand more of the availability of this food material to the higher
animals such as shellfish and finfish and the role it plays in their population
changes.

In considering the theoretical aspects of these studies it has been possible to
formulate models of the energy-depth relationships in plankton. In addition,
an abstract theory of the community and an empirieal stability index were devel-
oped. These models, theories and indices may be important in understanding
production of marine organismg and, further, in predicting such production.

Embryology

Scientist in Charge. ................. .Dr. Roserr Ii., L. Brack

The respiratory metabolism and activities of several respiratory enzymes in
developing eggs of the oyster and of the clam, Mulinea lateralis, are heing studied.
These data are to be compared with similar data on adult tissues of these organ-
isms, which will be obtained throughout the year.

To date, eight enzymes have been assayed at four early stages of development
of the oyster, up to the straight-hinge veliger stage. These are: aconitase,
igsocitric dehydrogenase, alpha-ketoglutaric dehydrogenase, suecinic dehydro-
genase, fumarase, malic dehydrogenase, DPHN-oxidase, and eytochrome oxidase.
During development from the blastula to the trochophore stage, isocitric and
alpha-ketoglutaric dehydrogenases increase markedly, paralleling the change in
respiration which takes place during the same period. The other enzymes remain
constant in activity from fertilization to the veliger stage. The period of develop-
ment during which the two above enzymes increase corresponds to the beginning
of the formation of the larval intestine.

It is of considerable interest that the proportions of the above enzymes are
different in eggs and larvae from those reported for adult oyster mantle by Jodrey
and Wilbur. Thus the eggs and larvae have very high malic dehydrogenase and
aconitase activities, whereas in adult mantle aconitase is absent and malic de-
hydrogenase is much lower in relation to the other enzymes. The significance
between such differences in larval and adult tissues is not yet clear; much more
work on both is needed.

Preliminary work on the spawning behavior, development, and larval metabo-
lism of the clam, Mulinea has been begun. The animal is easily kept in the labo-
ratory, and can be spawned upon warming to about 25° C during the spring
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months. The rate of early development and the metabolic changes in the larvae
appear so far to be nearly identical to those in the oyster.

Iifforts to rear quantities of larvae through metamorphosis have been made
with both the oyster and the elam, without success. In order to be uniformly
successful in these attempts, it appears that the temperature should be kept fairly
constant, a large supply of the proper food organisms must be available for daily
feeding, and the large cultures must be aerated or stirred in such a way that the
larvae are not killed in the process. When the technique for such large-scale
culturing has been worked out, it is hoped that studies of the metabolism can be
extended to the entire period of development of the animal.

Attempts to induce winter-spawning of oysters and clams, by warming the
incoming sea-water have been made on a small seale. Considerable success in
ripening the clams has been achieved; however, the oysters have not responded
favorably to the warming treatment. This may be a consequence of the poor
feeding behavior of oysters in the laboratory, or of lack of sufficient food in the
incoming water. Plans for artificial feeding of the oysters are underway.

The spawning scason of the oyster has been lengthened somewhat by artifi-
cially cooling the incoming water during the summer. This prevents spawning of
oysters kept in the laboratory; however, the facilities for cooling large quantities
of water are not yet available, and the number of animals which can be kept in
this manner are insuflicient.

Upper York River Circulation Studies

To establish the pattern of flow and mixing of waters at the confluence of the
Pamunkey and the Mattaponi Rivers, the Chesapeake Bay Institute in conjune-
tion with the Laboratory made several releases of fluorescent Rhodamine-B dye.
Tollowing release the research vessels of both institutions continuously sampled
the water at various depths using micro-fluorometric instruments. The instru-
ments employed are capable of detecting dilutions of the dye down to several
parts per trillion. Though the data have not been analyzed as yet, it is expected
that they will reveal the fate of liquids and suspensoids (suspended matter) which
reach to the water in the vieinity of West Point. This information should also
assist in studies of the fate of silt and other materials being added to the system
in the upper reaches of the two tributaries and from the low-lying marsh lands.

Fish Kills
(and Red Tides)

During this biennium several reports of fish kills in various areas of the lower
Bay have been received. In investigating two of fish and crab kills in the lower
York River in late summer of 1961 it developed that though there were probably
several causes involved, in each case red water or “red tides” seemed to be at
least partially implicated. In another case bottom fishes such as the clingfish,
gobies, blennies and pipefish were seen swimming at the surface of the shallow
water, obviously distressed. Jellyfish were also destroyed at this time.

There are also recently acquired indications that the blooms of naked
dinoflagellates (organisms producing ‘“‘red tides” or red water) cause adult
oysters to stop feeding and actually kill, by poisoning, larval bivalves—including
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oysters and clams. These observations plainly suggest that a major effort in the
future must be expended in studying red tides in order to determine their possible
importance in the fluctuations of fishery populations and associated marine plants
and animals.

Parasitology Investigations

Netentist i ChOrge. : i ; vuvuwmnsnss 555555555008 Dr. W. J. Harars, Jr.
Research Assistant........................... J. S. STERLING

Under contract to the National Institutes of Health the Laboratory is con-
tinuing its study of the flatworm parasites of fishes of the Atlantic Coast and
Chesapeake Bay. Many new parasites have been identified and a great deal of
information concerning the host-parasite relationships gathered. When this
work is completed we will have a much better idea than formerly of this group
of parasites and their effects on the hosts.

Mr. Sterling’s interesting study of the monogeneid (ectoparasitic flatworms)
of menhaden is continuing. T'he likelihood that these worms may serve as living
tags to identify the geographical source of various groups of menhaden seems
greater than before. If this does prove possible, it will provide a rapid, inexpen-
sive and more reliable means of studying the movements and life histories of these
fish than now exists. It will, in some measure, eliminate the necessity for
tagging.

The work on parasites of Antarctic animals being carried forward by this
Laboratory with complete financial support from the National Science IFounda-
tion and the Arctic Institute is progressing well. When these studies are completed
the Commonwealth will have contributed materially to the Nation’s scientific
effort in the post-IGY Antarctic program and the two young field scientists now
at the South Pole will return to their university studies.

Graduate Instruction

The School of Marine Science

The academic program was greatly improved in 1959 by elevation by the
College administration of the Laboratory’s academic program to full independent
status as the Department of Marine Science of the College of William and Mary
in Virginia. Due to subsequent growth in faculty, facilities, and students the
Board of Visitors elevated the Department to o full School-—the Sehool of Marine
Science—within the College system. This last development should facilitate
rapid improvement and expansion of the marine educational program of the
Commonwealth. It should be bolstered by addition of a doctoral program to
the curriculum of the School of Marine Science.

Graduate Students

Mr. Richard B. Moore completed his graduate studies in the spring of 1961.
His thesis research concerned the anatomy of the reproductive systems of the two
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oyster drills Urosalpinx cinerea and Iupleura caudata. He is now enrolled as a
graduate student in microbiology at the University of Texas where he is working
toward his doctoral degree.

Several graduate students are currently enrolled. These are: 1) Mr. Peter
Eldridge, working on the winter trawl fishery; 2) Mr. Eng-Chow Tan, studying
the ionie transport in the blue erab; 3) Mr. J. E. Warinner, II1, studying the
toxicity of inorganic contaminants on marine animals; 4) Mr. Peter Isaacson,
working on the behavior of the blue erab; 5) Mr. George C. Grant, studying the
ecology and distribution of arrow worms; and 6) Mr. David K. Young, investigating
the winter trawl fishery. Five other students, i.e., Mr. W. A. Dillon, Mr. Joseph R.
Miller, Mr. Charles L. Rutherford, Mr. Robert O. Fournier, and Miss Dorothy-
Amne Bacteke have been accepted. We also have two unclassified students,
Mr. Weston Eayrs, ITI, and Mr. Richard Stone. Additional students are an-
ticipated for 1961.

Undergraduate Instruction

In cooperation with the National Secience Foundation the Laboratory has
continued its program of undergraduate research participation in 1960 and
1961.  Each summer ten undergraduates from local and distant colleges have
gathered at the Laboratory to attend a series of regular lectures and conduct
guided research projects. The program is very productive in giving young
scientists actual research experience and encouraging their interest in marine
science. In addition, the Laboratory’s regular and special research projects have
received additional support by the assistance of these young people.

Public Information Department

Chief Information Officer........................ Roprrt S. BaiLey
Associate Information Officer.................... F'rep S. Biaas
CUORI-TUBIBL < oo =n siasssasnrns = 5 v T s e sonssminon » 5 5 s 2 Mpgs. C. A. Asuge

The training program at the Laboratory continues popular. Almost 5,000
students and teachers have attended its conservation programs during the current
biennium. About 3,000 casual visitors also have been accommodated. Lectures
and demonstrations were also conducted for various civie, social, and church
groups.

Inquiries Answered and Literature Distributed

Requests for literature on various phases of marine science continues; over
1,500 pieces have been mailed out, the largest number of requests coming from
elementary and high school students and teachers. Approximately 100 letters
were written to inquiries of a specific nature which could not bhe answered by
any publications we have available for distribution. Fifty-two inquiries were
made by telephone or by personal visits to the Laboratory.
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Photography

Photographic work has increased in proportion to the inerease in staff and
the scope of the Laboratory endeavor. Staff members are using our facilities
more than in previous years and there have been numerous work requests for
copying literature which is not readily available in any library. Various publishing
houses have requested pictures from our stock and we have been able to supply
some of these: American Oxford Encyclopedia, Notes on Surface Waler in Virginia,
Bulletin for Oyster Farmers, Biography of the Sea—By Richard Carrington, pub-
lished by Basic Books, Inec.

Photographs have accompanied many of our press releases and some have
appeared in magazine articles:  Virginia Wildlife and Commercial isheries
Review.

The State I'ilm Produetion Service is now in the process of filming a picture
on the shallow water animals indigenous to this arean. This will be distributed
through the state film library and is prepared especially for grade school children.

We have acquired pictures whose titles are:

“Challenge of the Oceans’’

“Inconstant Air”’

“The Earth; I'ts Oceans”

“The World We Live In; The Earth Is Born’’*
“The World We Live In; The Miracle of the Sea’’*
“The World We Live In; Creatures of the Sea’’*
“The World We Live In; The Coral Reef”*

Publications

We have published two brochures during the year. One to advertise our
summer and NSF programs and the other to emphasize the importance of the
department of Icology-Pollution. Reprints of ‘“Treasures from the Sea, The
Virginia Seafood Industry’ are on order and “Salt-Water Aquaria’ a pamphlet
to help grade and high school teachers and students maintain salt aquaria is now
in press.

This office has assisted Dr. Wass in the preparation of a mimeographed
copy of “Invertebrate Fauna of Marine and Brackish Waters.” This is a revision
of the list which was previously prepared by Dr. Hewatt.

An attractive poster calling attention to the destructiveness of Myriophyllum
(brackish watermilfoil) was designed and printed by the Information Office in
cooperation with Mr. Dexter Haven and Dr. Brehmer.

Sixty-one (61) press releases were mailed to 320 names on the regular mailing
list which was expanded during the year to include members of the Virginia
Legislature.

Special Iixhibits

Iixhibits have been set up both at Gloucester County Fair for two days and
the Virginia State Fair, in Richmond for ten days. A small exhibit was also put
up at the Virginia Academy of Science at its meeting in Lexington this past
spring (three-day meeting).

*On permanent loan from William and Mary Extension,
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Other Activities

Mr. Bailey has been active in the Resource-Use Education Council of Vir-
ginia serving on several committees. The Council has sponsored three short
courses at the Virginia Polytechnic Institute, Virginia State College and the
College of William and Mary. Two days of the courses at Virginia State Col-
lege and the College of William and Mary were devoted entirely to marine science.
Approximately fifty-nine students were enrolled and inst.ucted by the Information
Officer.

The Information Officer directed an extension course for twelve week at a
school in Hampton. Credit was given through the College of William and Mary
to thirteen students who enrolled. Various members of the faculty of the De-
partment of Marine Science served as lecturers in this course.

The Information Officer and Dr. Willis G. Hewatt gave two lectures each
at Camp IFarrar (4H Club camp) at Virginia Beach this summer.

The Information Officer attended a sectional meeting of the National Science
Foundation directors in Washington, D. C., January 9-10. He also attended the
Atlantic Ilstuarine Society Meeting in Philadelphia April 27, 28, and 29.

Science Ifairs

Several members of the Laboratory staff acted as judges in science fairs in
Tidewater Virginia this past spring.

Facilit

To accommodate Virginia’s growing marine research program, several pieces
of property have been acquired. Needed is still the corner plot interposed between
two pieces of property to the west of the main portion of the campus that used to
be part of the old Yorktown ferry landing. This lot should be acquired as soon
as possible, provided a favorable price can be arranged.

The microbiology building begun in 1960 was partially completed and occupied
by the summer of 1961. Details of final completion remain to be carried out. A
frame and sheet-metal building to be used as a shop was acquired from the High-
way Department in 1960. In addition, the old shop was converted into a salt-
water laboratory and enlarged. A small combustible chemicals storage building
has also been constructed to get the inflammables out of the main laboratory
buildings and into a more fireproof structure.

Land has been purchased at Wachapreague and construction of the permanent
building begun. Completion is expected in late fall of 1961.

Still needed to facilitate the research program is the pollution-physiology
research building. In addition, several smaller buildings, a pier extension,
channel dredging, and sea walls are necessary. To provide these much needed
facilities a capital outlay program of significant proportions has been proposed.

Personnel

As the Laboratory has grown, personnel additions and reorganization has
been necessary. Included in the table of organization are Assistant Research
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Direetor (a position held by Dr. John L. Wood, Sr.) and Assistant Administrative
Director (Mr. R. J. Washer). The Assistant Administrative Director is in charge
of the fiseal and non-scientific administrative phases of the Laboratory’s opera-
tions, while the Assistant Research Director is responsible for the scientific
aspects. The Assistant Research Director will also serve as Acting Director in
the Director’s absence.

Formal departments were also established during the biennium. Elevated
to Senior Marine Scientists and Department Heads were Drs. J. L. Wood, Sr.,
Microbiology-Pathology; I, B. Joseph, Ichthyology; Morris L. Brehmer, Ecology-
Pollution; and Mr. W. A. Van Engel, Crustaceology (crabs).

Added to the scientific staff in 1960-61 were: Mr. Langley Wood, Physiology;
Dr. Marvin L. Wass, Marine Ecology; Mr. Maynard M. Nichols, Oceanography;
Dr. George Moskovits, Marine Bacteriology; Mr. J. 8. Warinner, Radiobiology;
Mr. R. A. Mulford, Microbiology; and Mr. Reinaldo Morales-Alamo, Oyster
Physiology and Ecology; and Mr. Dana Eldridge, Malacology.

Captain R. J. Hochban was engaged to fill the newly established position as
Oceanographic Research Vessel Captain to replace Vernon A. Thompson.

Several laboratory technicians have been added.

As usual the staff has been augmented each year by visiting professors and
student assistants. Drs. W. G. Hewatt and N. C. Hulings of Texas Christian
University have assisted in the summer teaching and research program. Also
in the summers of 1960-61, Dr. S. H. Hopkins has studied marine organisms at
our Wachapreague Laboratory.

Suwmmany. and Recommendations

Shellfish

The Laboratory’s studies of diseases of shellfish have been very fruitful. Not
only has the current oyster epidemic been tracked but a new causative organism
identified. Virginia has been fortunate and profited by the early warnings given
by the distressing Delaware Bay mortality problem. As a result of these warnings
it has been possible to set up a good mortality research program and secure in-
formation which actually permitted some Virginia planters to minimize their
losses. This is a real contribution from science to the shellfish industry and the
maritime economy of the Commonwealth.

Deaths resulting from MSX, the protozoan parasite held responsible, will
cause 1961-62 to be the least productive season on record in some time. And
MSX does not yet seem to have stopped spreading.

At least one encouraging sign has been the appearance and disappearance of
MSX in the sced bed at Wreck Shoal. This may indicate that the upper salinity
limit of tolerance of the disease organism has been reached.

Though we are just now beginning our culture program in an effort to develop
techniques useful in the rearing of disease resistant oysters and other bivalves
it is already evident that the work must be expanded. Funds for doing so are
being sought in the next biennial budget.

In addition to this Laboratory approach, we recommend that efforts be made
to secure sets of young oysters in areas where mortalities have been high. Suc-
ceeding experiments of this type will probably produce oysters resistant to disease
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by virtue of their having come from parents which have survived the ravages of
the disease. Planters should also be discouraged from removing survivors from
these eritical areas. All surviving oysters should be left to spawn.

Laboratory scientists are still of the firm opinion that the Commission of
Fisheries should be empowered to control imports and exports of marine organ-
isms. It seems quite apparent that it is possible to transport diseases or pests;
for example, Myriophyllum, the Eurasian watermilfoil, from their natural habitats
where they may be under natural control to foreign places where, unchecked by
natural competition, they can explode and cause trouble,

In the course of our MSX research a new organism has been found in oysters
from Seaside of Virginia. This organism, called Seaside Organism (SS0), is
apparently a native of Seaside to which both oysters and oystermen have adapted
themselves fairly satisfactorily. It does cause noticeable mortalities, which,
however, can be avoided by proper timing of harvest.

Among the research projects is a study of oyster feeding and fattening. It
has been shown that the patterns of fattening differ in the different rivers. Gen-
erally York River oysters are less fat than those from the Rappahannock. It is
tentatively concluded that the observed low quality of York River oysters in
the winter may be associated with variation in types or quantities of food organ-
isms present in the water. This tentative conelusion must be checked and the
reasons for it established.

Since plankton are the chief food for oysters, plankton research has to be
increased. 1t is proposed that this be done during the 1962-63 biennium.

Because of inereased use of nuclear materials in the world and particularly
in the James and lower Bay area it has seemed necessary to inerease our surveil-
lance of the radioactivity of oysters, algae and other marine life. This is being
done in cooperation with the Virginia Department of Health and the United States
Public Health Service. Several interesting findings have been made.

Oysters and many other sessile, fixed, attached or stationary, marine animals
are filter feeders. They feed by taking in great masses of water, as much as 140
gallons per day or even more, filtering out the useful particles which are then
passed through the gut (as feces) and eliminating the unwanted materials (as
pseudofeces). Radioactive particles would be among these particles accumulated
were they available in the water. Beecause an acre of oysters may accumulate
and deposit several tons of suspended material from the water each week, the
area around an oyster bed might quickly become highly radioactive in the event
of accident to a nuclear ship or extensive fall-out. In order to study this facet
of the nuclear age the Laboratory, with the help of several grants from the Atomic
Energy Commission, has established a special research project. This radio-
biological work should be continued and expanded beeause of the extensive and
growing nuclear activities in the Chesapeake Bay area.

Oyster drills still constitute a major hazard to the oyster populations of
Seaside of the Eastern Shore, taking upwards of 40 per cent of the population
there. If a feasible method of control can be developed Virginia production will
be greatly increased. In these days of high prices the Lastern Shore oystermen
would benefit greatly.

The areas where this should be done, i.c., Egg Island, lower Mobjack Bay
and the lower York River, also have populations of oyster drills. Though not
large the number of drills are enough to seriously decrease oyster spatfall in
these light setting areas. Control of drills would clearly benefit the disease
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resistance program. Either of these facets of the drill problem alone justify
continued effort to develop suitable control measures. In fact, drill research
must be stepped up.

In particular, field and laboratory studies of the chemical control techniques
being developed at the Milford Biological Laboratory of the U. S. Fish and Wild-
life Service must be carried out. Not only should the effectiveness of the chemicals
and application methods be established but the possible side effects of the poisons
used for this purpose must also be determined. Additional chemical and physiolog-
ical studies of the effects of these and other contamination problems must be
made. Though these tests should be done quickly they must also be done care-
fully if involvements with the Pure Food and Drug Act are to be avoided.

Oyster production can probably be increased by more effective use of scientifie
techniques, e.g., setting pattern studies, mass culture, pond rearing. Generally,
however, these techniques have not been tested or established on a usable basis.
Until they are, much of the potential value of science is denied industry. To
eliminate this loss and permit science to be put more directly to the service of
industry, the Staff and Board of Administration are proposing to establish a
Demonstration Unit within the Laboratory. The functions of this Unit will be
to conduct specifically applied research and also to translate the results of other
research into techniques usable in commerce. Considerable effort should be
devoted to this project in the next biennium. Additional personnel, laboratory
space, vessels and field and laboratory equipment are needed.

Blue Crabs

Catch records dating back to 1924 show no indication that the blue crab is
decreasing in abundance. Actually, catches in 1957 were below the 30-year aver-
age, while those of both 1956 and 1958 were above average. It has been pointed
out that fluctuations in cateh of fishery organisms are to be expected, particularly
in a short-lived animal like the erab which is available to the fishery only a short
time. In such an animal there is no back-log of older individuals to provide a
buffer if a bad spawning year occurs.

The magnitude of the crab cateh is determined by many variables. These
include not only abundance of erabs but also weather, market affecting the number
of fishermen in operation and the efficiency of the gear. It is often forgotten that,
like other migrating species, crabs move in response to various “weather’” condi-
tions in the water. Thus, they may actually be plentiful but not available because
they have moved away from a particular area. (This is another of the many
reasons that an understanding of currents, waves, temperatures, salinities, tides,
and pollution is important to the marine scientist.)

There seems little biological reason to alter the sponge erab or dredge fishery
regulations at the present time. Closed military areas and the large sanctuary
prevent free exploitation of the population and it would be extremely unwise to
reduce earnings of fishermen unless an ultimate benefit would result.

For many years we have maintained that there is no convineing evidence that
fluctuations in abundance of the blue crab were related to the amount of crab
fishing. Nor is there evidence that protection of sponge crabs had any particular
merit as a conservation measure. As mentioned above, the catch depends entirely
on the success of single year classes: with a short life span, the blue crab provides
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no back-log of older individuals to form the basis of a cateh in the event of failure
of one year’s crop.

Virginia and Maryland fishermen faced a small supply from August 1959 to
July 1960. But the year class entering the fisheries of both states in August 1960
contributed one of the largest catches in the history of the Bay. Catches have
remained at least two times larger than any previously recorded. Almost one-
half of the entire 1960 catch was obtained from the new year class from September
through December. The cateh in the first five months of 1961 was almost three
times larger than that obtained in the same period in 1960.

Further restrictive legislation would, almost undoubtedly, needlessly inter-
fere with the harvesting of the annual crop.

Because catches of Virginia erabbers often consist of 20 to 30 per cent or more
of sponge crabs and because crabs produced in several other southern states might
permanently fill any vacancy produced in the market by withdrawal of such a
large number of Virginia crabs, the result might actually be commercially
detrimental.

The young crab program is continuing. Though techniques are not yet fully
satisfactory, we have been remarkably sucecessful in predicting the catches of the
last several years. Last year’s low was predicted six months or more in advance
of the fishery.

Adult female crabs (sooks) should be specifically exempted from the 5-inch
minimum size law. Iinal size is attained at sexual maturity—no further growth
oceurs. In places where small-sized adult females are abundant, especially on
the ocean side of the Eastern Shore, a handship is suffered by crab f{ishermen
who are forced to cull these full-grown crabs from their catch. Nothing useful
is gained by requiring or continuing such a practice.

The interest in tank-shedding of erabs for the soft ecrab market has inereased
considerably. As a consequence inquiries concerning accompanying problems
have also increased. The Laboratory needs enlarged facilities for studying these
problems.

Because large numbers of young blue erabs are captured in erab pots and are
either killed or damaged in handling, a self-culling pot would be a sound con-
servation device. By such a device crabs would be rejected by the pot until
large enough to be salable and worthwhile. The erabber would also be saved
much hand labor in culling. Tests of five types of mesh showed that pots made
of specially-manufactured 1Y4 by 2 inch mesh welded wire caught as many legal
and only half as many illegal crabs as the pot now in general use. Efforts are
being made to improve the performance of these experimental traps.

Fish

As predicted in March 1958, croaker has been scarce in 1960 and 1961. 1t is
extremely unlikely that fishing industries, sport and commercial, played any
part in the development of this shortage. It is most likely that some factor in
the water intervened, probably the extremely cold water temperatures in Ifeb-
ruary and March, 1961, to destroy the recently spawned young which had just
gained access to the Bay from their ocean spawning grounds. This is based on
the fact that in 1958 the young croakers taken in large numbers in our small-mesh
sampling gear in January of 1958, had totally disappeared from the Bay by the
next sampling period in March. Thus, there had been a successful spawning and
something other than lack of spawners and spawn produced the current shortage.
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By similar use of the small mesh net sampling technique it has been predicted
that spot would also be in short supply in 1961, probably due to the severe cold
during March and April of 1960.

Gray sea trout continued to decline in 1960 but appear to have recovered
slightly in 1961. The causes of these changes in abundance are not clear.

As was predicted in 1958, striped bass have been plentiful. The 1958 spawning
was extremely successful while those of 1959 and 1960 were at least average. As
a result there have been more than adequate stocks for sport and commereial
fishermen alike. This gives further support to our contention that natural
phenomena are probably generally the most significant general causes of the
extreme fluctuations in many Bay fishery populations. However, the effects
of fishing and contamination must be studied further.

The low 1960 and 1961 shad catches appear to have been due primarily to a
combination of unfavorable climatic conditions and a seasonal market. Actually,
beeause of the unseasonably cold weather the shad did not enter the rivers and
become available to the fishery until after demand had declined.

The most important project carried out by the Ichthyology Department in
1960-61 has been the Continental Shelf study. In search of the spawning loeations
of eroaker, spot, flounder, gray trout and menhaden, Pathfinder covered a large
number of stations ranging from the mouth of the Bay to the Gulf Stream on a
monthly basis.

IFrom December 1959-December 1960 the area of study included approximately
2,500 square miles of the Continental Shelf adjacent to the Chesapeake Bay and
extended approximately forty miles offshore. During this 13-month period,
12 cruises, which involved a total of approximately sixty ship-days and approx-
imately 300 man-days at sea were conducted. As a result of this effort a great
deal has been learned about Virginia’s Continental Shelf waters.

(a) The eggs of about fifteen fishes and the larvae of an even greater number
have been identified in the plankton. Among these for which spawning times
and localities are now known are gray sea trout, summer flounder, cod, common
bonita and cobia.

(b) The existence of spawning concentrations of cod has been demonstrated
in Virginia waters.

(¢) It has been demonstrated that during the winters of 1959 and 1960
menhaden did not spawn inshore but was restricted to areas at least 40 miles
offshore. The low numbers of larvae encountered suggests low spawning success
during both years. This information was forwarded to the menhaden investiga-
tion of the U. S. Fish and Wildlife and is now in press for general publication.

(d) Temperature and salinity patterns in both surface and bottom waters
have been clarified and the information has been made available through a special
scientific report and through general publication.

(e) Surface current pattern studies have been conducted in Virginia coastal
waters in cooperation with the Woods Hole Oceanographic Institute. The sur-
face current is known to consist of a meandering southerly drift which at times
reaches velocities of over 15 miles per day. This fact could be of great signif-
icance in removing eggs and larvae southward and making it impossible for them
to gain entrance to the Bay.

(f) A significant study was made on movements of larval sand lance (an
important forage fish). This and similar studies should contribute much to the
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important question of how larvae are affected by current patterns. The results
of this study are now in press for publication.

After the completion of the first year’s operation, changes in collecting gear
and in the survey area were made. The overall size of the offshore area was
reduced, but the seaward extent was increased.

In an attempt to trace larval movements from the ocean into the Bay and
tributaries, plankton samples were taken in the lower Bay, the York and Pa-
munkey Rivers. Thus our stations now extend from the edge of the Continental
Shelf to fresh waters. Preliminary results are very encouraging.

In addition to this field work, the culture program has been successful in
hatching the eggs of ten species. Several species were reared to an identifiable
stage. This work is important to the overall Continental Shelf spawning ground
study because we must be able to recognive the eggs and early stages of the fish
oceurring out there in order to find what is being sought.

This program must be strengthened if we are to understand the fluctuations
of the fishery.

Probably due to the decline in abundance of fishes, the sport fishing effort
dropped from 29,000 party boat trips and 247,000 private boat trips in 1959 to
9,500 and 102,000 respectively in 1960. As the effort decreased so did the cateh
rate per man-hour deerease in all species but rock and puffer. Because these
lows of abundance in the fish stocks are probably temporary so also is the slump
in the sport fishery probably temporary.

Despite this slump in the sport fishery, catches of eroaker, spot, gray trout
and flounder amounted to 24 per cent, 27 per cent, and 19 per cent of the total eateh
of these fishes during 1958, 1959 and 1960. This is a significant part of the total
catch and further indicates the importance of the sport fishery.

Studies of the three large sport fishes, cobia, red drum and black drum, were
initiated in 1960.

Our services to the sport fishing interests should be expanded. Indeed, we
propose to do this in the coming biennium. Because there is as yet little or no
evidence that the finfishery, sport and commercial, as it is now conducted in
Chesapeake Bay, plays a decisive role in the ups and downs of the populations
of the various important species it is extremely unlikely that restrictive measures
would result in conservation. (In fact, present minimum sizes [the cull law],
may actually have little biological basis.) As a result, the Laboratory officially
recommends that no further restrictive measures be placed on any fishes at this
time.

Eurasian Watermifoil

Joint research between this Laboratory, Maryland’s Chesapeake Biological
Laboratory, and the U. S. Fish and Wildlife Service people at Patuxent Wildlife
Refuge on the Potomae, on watermilfoil problems has been partially successful.
Control measures have been developed. The use of 150 pounds of pelletized
2-4-D per acre in the spring after growth has begun will destroy this pest for a
season or more. Application in succeeding years may be necessary.

As with all techniques of this nature, there are disadvantages, e.g., dying
weed may cover and smother oysters and other marine life and there may be
some direct effects of higher concentrations of the chemical on nearby marine
organisms. Therefore, application must be carefully done.
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Personnel and Facility Requests

As a result of the far-sighted approval given to the Laboratory’s program
by the 1960 General Assembly and Governor Almond, Virginia’s effort in marine
science has grown in size and effectiveness in the last biennium. Studies in
geological and physical oceanography have been instituted, and a radiobiology
unit established.

Despite this excellent progress, it is inereasingly apparent that in order to do
an effective job of research and development this Laboratory must increase it
sapabilities in the fields of oceanography, physiology, pollution, pathology,
planktology, radiobiology and oyster culture. A practical demonstration unit
must also be added.

Accordingly, an increase of slightly over 100 per cent in the maintenance and
operation budget for the biennium 1962-63 has been formally requested of the
Governor’s Budget Committee. The General Assembly will also be asked to
approve this request. The twenty new scientists and fourteen technicians provided
by this budget will permit us to give the maritime interests of the Commonwealth
the scientific services they demand.

Also needed and requested are a new Pollution and Physiology Research
Building, a Demonstration Unit Building, a garage-storage building, several
expensive items of equipment such as a computer, an electron microscope, plus
several lesser items. Additional library space, equipment and hooks and journals
are vital to success of the research program. A total of around $800,000 has been
requested for Capital Outlay for the coming biennium.

These increased amounts in support of research are clearly justified. Tide-
water’s greatest asset are the marine waters and their actual and potential com-
mercial and recreational output. The shorelines and wetlands bordering and
affected by these waters are also extremely important and valuable. Over 60
per cent of Virginia’s population and a major portion of its business, industry,
and tranportsation enterprise are located in Tidewater and directly tied to the
sea. I'rom this it is apparent that maritime resources are Virginia's greatest
economic assets. Virginia is a maritime state. To remain so she must make wise
use of her marine resources. Only wise management and development based on
the facts will do this. Facts are vital. Facts come only by research.

Because the fate of the two fishing industries is, obviously, inextricably
mixed with the fates of all of the other segments of the maritime economy, and
because facts are needed to conserve our natural marine resources and to permit
wise development of the maritime economy of the Commonwealth, a considerable
increase in research effort is necessary. Because such research is usually profit-
able, this increase in research is a sound economic investment. Additional
research is also demanded in the interest of the health and welfare of Tidewater
residents, indeed of all Virginians. The support of the Commission in this proposed
research program is respectfully solicited.



