
l 
MDU -Q- 79 - 001 





The University 
of Maryland 

Sea Grant 
Program 

Research 

Advisory Services 

Education 

---~ 



Table of Contents 
A Message From The Director 3 
The Uncertain Seasons 4 

The First Season 
OYSTERS 6 

The Search For Causes 9 
Following The Water 10 
A Tale of Two Rivers 11 

The Oyster Food Scenario 12 
Competent Oysters 14 
The Oyster Numbers Game 15 
Understanding Spat Set 16 
Improving Spat Set 17 
Building a Better Hatchery 18 
Building a Better Oyster 19 
An Oyster Cell Line 19 

The Second Season 
ROCKFISH 20 
Food for Fish 21 
Finding the Food 21 
Spawning Problems 22 
The Economics of Decline 23 

The Third Season 
CRABS 24 
The Atlantic Blue Crab 25 
The Bay's Big Blue Crabs 27 
Red Crab Studies 27 

Water Quality Studies 28 

The Problem with 
Water Quality Tests 29 
Monitoring Petroleum Pollution 30 
Co-oxidation of Petroleum 31 
Tracking Trace Metals 32 
Cadmium Studies 32 
The Greening of the Oyster 32 
Baygrass Studies 33 
Cholera Studies 34 
The Ecology of 
Bdellovibrio bacteriovorus 34 

Special Projects 35 
What Do the People Think? 36 
Marine Advisory Program 38 

Education 40 

Publications 42 

Budget Summary 46 
Staff and Advisory Boards 48 



A Message From the Director 

The great fi sh harvests of the Chesapea ke 
have long been crucial to the peop le of 
Maryland, w here nea rl y one-fifth of the state 
li es benea th the tributaries and tida l waters 
of the w orld 's most producti ve estu ary. 
These harvests are crucia l beca use on ly a 
few bio logical systems- fi sheri es , fo rests, 
grasslands and crop lands- form the bas is of 
human life and soc ial stabi li ty. Husbanded 
w ise ly, these bio logical systems provide 
renewa ble sources of food or energy; 
harvested or harmed beyond their regener­
ati ve powers, they become lost resou rces. 

In M aryland, the future of those grea t 
fisheri es is uncertain. During the last decade, 
harvests fo r oysters and str iped bass de­
clined, and harvests for blue crabs continued 
a history of dramatic popul ation flu ctuations. 
During the same years, the w aters of the Bay 
altered in li tt le-understood ways under the 
impact of hurricanes and herbi cides, heavy 
metals and petro leum, sed iment and sew age . 
And the seagrasses beneath those darkening 
wa ters bega n a mysterious dec line in many 
pa rts of the estuary . 

Understanding these bio logica l systems, 
identifying the ca uses of these declin es and 
flu ctuation s, rehabilitating these fisheri es 
where possible, helping the peop le w ho de­
pend on the Chesapeake for their dail y ea rn­
ings or seasonal recreation: these are the 
goa ls of the Un ive rsity of M aryland Sea 
Grant Program. 

Beca use the Chesa pea ke is so large, so 
res ilient and stil l so richly producti ve, these 
are wo rka bl e goa ls. Beca use the estuary 
means so much to our sense of a reg ional 
history and destin y, these are important 
goa ls. 

For over a century, seve ral generati ons 
of Bayshore resid ents have lea rn ed and 
passed on a tradit ion of " fo llowing the 
water," choos ing to work the Bay as in­
depend ent , se lf-employed waterm en, much 
as ranchers or farme rs work a piece of range 
or cropl and. And thousands of other resi­
dents st il l earn pa rt or most of their living 

from processing, shipping or se lling w hat the 
waterm en catch. For these w atermen and 
workers, fo r the fa mi lies th ey raise and the 
commun iti es they support , further fa ll -offs in 
the fish harvests could be a calamitous crop 
fa ilure. 

M aryl and Sea G rant, born in 1977, is 
part of the Nati onal Sea Grant Co llege Pro­
gram, a federal-state effort aimed cj t appl ying 
sc ience and techno logy to the wi se manage­
ment and deve lopment of thi s country's 
ocea ns, es tuaries, ri ve rs and lakes. A division 
of the U .S. Depa rtm ent of Commerce's 
National O cea nic and Atmospheri c Admini s­
tration , Sea G rant fo ll ows a decentrali zed 
management approac h, as king loca l institu ­
tions and res idents to identify region al 
prob lems and as king loca l universit ies to re­
spond w ith resea rch projects, educatio n pro­
gram s and advisory se rvices designed to 
solve those problems. Sea Grant programs 
are targe ted programs. 

What progress have we made in 
respo nd ing to those problem s, in reaching 
those goal s? Thi s bookl et presents an over­
view of our effo rt s, an account ing of the 
peop le and pro jects, the acti viti es and 
ac hievement s of the Un ive rsity of M aryland 
Sea Grant Program. 

DR . RrTA R. CoLWELL- D irecto r 
Uni versity o f Ma ry land Sea Grant Program 
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The Chesapeake's 
Great, Uncertain Seasons 
For those who work the Chesapea ke for a 
li v ing, the estuary offers three great seasons: 
crabbing in the summer, oystering in the 
w inter and fi shing in the sprin g, espec iall y 
for rockfish and especiall y w hen the annual 
spawning run flood s the major ri ve rs of the 
upper estuary w ith su rging, sil ve rgreen fish, 
many of them home from thousand-mil e 
migration s to Maine and bac k. 

The size of those seaso ns has, for cen­
turies, made the Chesapeake th e ri chest 
seafood-bearing estuary in the world. During 
the early l 970's in fact, the Bay was yielding 
an annual seafood harvest of 125 pounds per 
acre to waterm en and sportsmen, 54 pounds 
per ac re more than its nea rest ri va l, the Sea 

of Azov in the Sov iet Uni on. Recentl y, the 
Chesapeake was produc ing nea rly one-fourth 
the total U.S. oyster catch and nea rl y half 
the blue crab catc h, w hile spawning 90 per 
cen t of the rockfish ca ught alo ng the entire 
north east coast. 

For waterm en, there is something etern al 
about those seasons, some long-range 
regularity that w ill eventuall y overcome the 
slumps that have beleaguered those fisheri es 
fo r the past fi ve yea rs. Many lea rn ed their 
trade from their fa thers and grand fa thers. 
They have seen oysters and crabs and 
rockfish come and go and come back aga in 
enough t imes and in enough strength to help 
them raise their famili es on the basis of their 
baywork ea rnin gs. For men who have seen 
half a century of harvests, the declines of 
half a decade hardl y matter. 

Many sc ienti sts w ho stud y the Chesapeake, 
however, do get alarm ed. They see beyond 
the slumping harvests to spa t set trends, 
fin gerling surveys, ongoing dec lines in under­
wa ter grasses, and increas ing counts of 
chlorin e and herb icides and heavy meta ls in 
the water. They say the blue crab has proba­
bly adapted to the changing Bay, but oysters 
and rockfish have stopped reproducing as 
pro li fica ll y as they did in the past. According 
to their ca lculati ons, two of the Bay's great 
seasons may soon be sma ller. 





The First Season 
OYSTERS 
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The Chesapeake Bay oyster harvest is the 
first great season in cr isis. And not fo r the 
first time: Its history is a record of booms 
and slumps and partial recoveries, a record 
that sheds light on the prob lems and poten­
t ial of the contemporary fishery. 

That harvest, say the hi sto ri ans, bega n 
thousa nds of years ago w ith the Indians w ho 
roamed the Bay shore on foo t and in ca noes. 
Though these first Ameri ca ns quick ly con­
verted the ea rl y co loni sts to the pleasures of 
co rn and tobacco-espec iall y tobacco - it 
took several centuries fo r the immigrants and 
their offspring to learn that oysters were 
hea lthy and tasty and catchable in profitab le 
quantities. 

When Connecticut wate rmen ea rl y in 
the 19th century bega n plu ndering the 
northern Chesapea ke fo r oysters to replenish 
their own overfished wa ters, Ma rylanders 
started taking their most plentiful shell fi sh 
se riously. From an ann ua l catch of half a 
mi llion bu shels, the state harvest grew 
grad uall y to a mid-century to tal of 1.2 
mi llio n bushels. 

Then ca me rai lroads and steam can ning 
and the opening of new ma rkets in the 
restaurants of Philade lphia, New York, 
Pittsburgh, W heeling and points west. From 
1870 to 1900, Maryland wate rm en sa iling 
slant-masted log ca noes, pu ngys, bugeyes 
and skipj acks dredged and tonged oysters 
out of the M aryland Chesa peake at better 
than 10 mill io n bushe ls a yea r. In 1875, they 
hauled home 14 mi llion bushels; in 1885, 15 
million. The Chesapeake Bay, in good yea rs, 
was produc ing more meat than all the catt le­
fa rm s of Maryland , Delaware and V irgini a. 
The grea t oyster hunt was on. 

Watermen went out in smal l boats, in 
log ca noes, in anyth ing that could float. The 
hunt , according to one observer, was 
"simply a scra mble," ca rried on w ith 
" rega rd neither for the laws of God or 
man," w ith tongers batt ling dredgers and 
both batt li ng the Oyster Po li ce-a scramble 
complete w ith night poach ing, daylight 
ru stlin g, running gun ba ttl es, and mass ive 
overfi shing of the oyster grounds. 

Those boom t imes fad ed w ith the cen­
tury. The catch record s of the 20th century 
show a sharp drop du rin g the fi rst decades, 
fo llowed by a long dec line- du rin g which the 
annua l harvest averaged on ly 2.5 mil lion 
bushels over half a centu ry. 

Interrupti ng this dec line have been occa­
sional, short-lived jumps in the harvest, the 
resul t of li tt le-understood natu ra l cyc les 
or- more recentl y- of act ive oyster manage­
ment effo rts by the Maryland Depa rtmen t of 
Natura l Resou rces . From 1965 to 1975 those 
oyster seeding and she ll p lant ing progra ms 
boosted land ings to a 10-yea r average of 2.7 
mil lion bushels a year, help ing the Bay pro­
duce 27 percent of the U.S. harvest and out­
produce the harvest of any other country . 

Wi th docks ide va lues run ning between 
$10 million and $15 m illi on annually, the 
oyster fi shery st il l outranks all other 
Ma ry land ca tches com bined, includ ing crabs, 
clams, menhaden, st ri ped bass, bluefi sh, 
wh ite perc h and any of a dozen other 
spec ies regularl y fi shed from the Bay . 
Chesapeake Bay oysters-desp ite decades of 
decline- rema in one of the state's and the 
cou ntry 's most va luable sea catches. 

The oyster catch helps support more 
tha n 4,000 wa term en and near ly 5,000 other 
Ma rylanders w ho work in shell fi sh shuck ing, 
processing and shipping. 
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At present , hand tongers , patent tongers 
and dredgers take oysters off nea rly 1,000 
public oyster bars spread over 215,000 
underwater ac res. Most waterm en work as 
hand tongers, using small outboards and 
lo ng, low-sided tongboa ts equipped w ith a 
small ca bin forwa rd and a long cockpit aft 
for dumping and culling each day's catch. To 
ea rn that ca tch they spend thei1· days an­
chored over public bars, w restling w ith long­
shafted tongs made of wooden poles with 
meta l baskets at the end for scoop ing oysters 
off the bottom. 

A growi ng number of watermen have 
equipped their boats w ith paten t-tonging ri gs 
that feature power-driven w inches for drop­
ping and hauling up tong baskets, a system 
that cuts down hand labor but requires 
greater capital investment. 

O nly a handful of watermen still sa il 
their sk ipjacks . Reading the w ind and the 
tides and the currents , they glide th ese 
graceful , w ide-bea med workboats back and 
forth across the oyster bars, dragging 
dredges, large iron claws used for sc rap ing 
up oysters. The 30 aging sk ipjacks that still 
work the Bay are the last surv ivo rs of a com­
mercial sa iling fl eet that once numbered in 
the hundreds. 

Not all Maryland oysters come off the 
public bars. A few private planters lease 
plots of Bay bottom from the state, line their 
sections with o ld shell or other cultch 
material , and then seed periodi ca ll y with 
young oyste rs. As a result of thi s kind of 
close management , those 10,000 private 
acres produce more bushels per acre than 
do the public bars. Despite th e commercial 
potential, most wa term en oppose pri va te 
leas ing, fea rin g eventual contro l of the 
fi shery by large co rporations ratner than by 
independent, se lf-employed w aterm en. 

W hat now threatens the oyster harvest 
and the way of li fe it supports is a se ri es of 
oyster reprodu cti ve failures that could negate 
the oyster repletion effort and extend the 
fishe ry's historica l decline. Afte r signifi ca ntl y 
poor natural sets of new oysters in 1966, 
1967, 1970 and 197 1, Hurrica ne Agnes 
struck the Bay in 1972, ca using enormous 
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freshwater run-off, silting up oyster beds in 
the northern waters and diluting sa linities. 
From 1965 through 1976, natural oyster 
reproduct ion was 72 percent lower than the 
average rates for the previous 27 yea rs. If the 
supp ly of new oysters is not replen ished 
soon, either by nature or by man, and if 
waterm en continue to fi sh off the remaining 
oysters, the Bay harvest w ill soo n decline 
aga in as it did during the ea rl y decades of 
th is century . 

Si nce 1977, many of the pro jects of the 
M aryland Sea Grant program have focused 
on three related goa ls: 

• identi fy ing the ca uses of the current 
dec line, 

• improving management of the contem­
porary fishery, and 

• increasing future harvests. 
Identifying the causes of the oyster short­

age req uires pati ent, basic resea rch on th e 
biology of the America n oyster, o n the en­
vironmental conditions that encourage or 
discourage growth and reproduction , and on 
the little-understood mi cro bi o logy and 
chemi stry of water quality. Among the condi ­
tions that could be ca usin g the decli ne are: 

• overfi shing, 
• declin es in the sexual hea lth of oysters, 
• changes in food suppli es, 
• increases in chem ica l pol lutants that 

hind er larva l surviva l and spat set, 
• decreasing sal initi es result ing from 

greater freshwa ter run -off, and 
• increasing turbidity that foul s oyster 

beds w ith sediment . 



The Search For Causes 
The sea rch fo r ca uses of the oyster dec line 
starts w ith basic bio logy. V ic Kennedy's two­
year stud y exa mined oyster reproducti on in 
the central Chesapeake, sea rching fo r poss i­
bl e biol ogica l ca uses fo r poor spat sets in re­
cent yea rs. His results show that M ary land' s 
oysters are sex ually hea lth y and are spawn­
ing on sc hed ul e every summ er. Ken nedy's 
findings suggest that environmental rath er 
than bi o log ica l problems could be ca using 
current dec lines . Those prob lems could in­
clude increases in chemica l pol luti on and 
changes in natural food supplies and 
sa linities. 

Kennedy co llected oysters from areas 
w ith good spat set and poor, from bars as fa r 
north as Til ghman Island , as fa r south as 
Tangier Sound . He chec ked on sex ual 
hea lth , counted male-female rat ios, ve rifi ed 
spawn ing peri ods and compared spa t set in 
producti ve and non-productive rive rs. After 
stud ying 6,300 oysters dredged off 18 oyster 
ba rs, he found no evidence fo r a w idely 
suspected shortage of males and plenty of 
ev idence fo r vigorous seaso nal spawning. 

Before hi s study, sc ienti sts worr ied that 
oysters we re not spawning beca use of un­
ba lanced sex rati os . Since most Ameri can 
oysters begin life as males, switch sex later 
on and remain females, severa l poor spat 
sets could interrupt the supply of young, 
primarily male oysters, leav ing the oyster 
grou nd s overstocked w ith aging femal es. 
A poor male-female rati o could mean not 
enough mal e horm ones or sperm in the 
water to encourage female spawning. 

Kennedy found : 

• Sex rati os va ry around the !:Say, but not 
great ly . 

• Those rati os showed no clea r relation 
to spat sets. Good spat-set areas like 
Broad Creek and Chicken Coc k 
showed male popu lati ons of 41 and 38 
percent. Some poor spat-set areas Ii ke 
Tred Avon and Herrin g Bay showed 
even higher ma le counts of 43 and 45 
percent . 

• O n good bars and poor ones, oysters 
have been spawn ing in a 5im ilar pat­
tern across the Bay during the last two 
decades . 

"Ripening (of gonad s) came in early 
spring, generall y in May and was ve ry 
rap id ," Kennedy says. "And spawn ing wou ld 
beg in in late May or June and would con­
tinue through August and sometim es 
September." Though Kennedy took sa mples 
only in 1977 and 1978, he compa red his 
oysters w ith similar stud ies done during the 
ea rly 1960s when spat sets were much 
higher than in rece nt yea rs. He found no 
evidence fo r a change in oyster spawning. 

If sex rati os are fa irl y balanced and 
oysters are sexually hea lthy, then something 
unhea lth y must be happening in the wa ter 
betwee n spawning and spat set to ca use the 
current drops in the surviva l of new oysters 
in the Chesa peake. Kennedy suggests 
chemica ls in the water or changes in the 
food supp ly . 
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Following the Water 
Howard Se liger is studying how water 
flow patterns affect the distribution of oyster 
larvae and the oxygen and food those larvae 
need to surv ive. He has been adapting the 
techniques of physica l hydrography to 
deve lop a more detai led description of the 
bio logica l systems of the Bay's interi or 
t ri butary estua ri es . The end resul t shou ld be 
a better understand ing of w here oyster food 
is and where we shou ld focus future oyster 
repletion and aq uaculture efforts. 

The act ion of sa lt and fresh wate r in the 
Bay and its tributar ies is we ll-known: Fresh 
water, entering th.e esturary from the water­
shed, moves south on top of the denser sa lt 
wate r coming up the Bay from the ocean . 
This upper layer of fresh water forms a 
"plume front" at the mouths of tr ibutary 
estuari es li ke the Chester. W hen two such 
fronts meet, a layer of sa ltier water may 
become trapped between them, form ing an 
area known as an " interfrontal " region. This 
region exchanges wate r with the rest of the 
Bay very slowly, and becomes an ideal area 
for organisms to grow, since nutrients tend 
to collect there . 

Using specia ll y designed equipment for 
maki ng rap id measurements in shallow 
wate r, Se liger has identifie'd the interfrontal 
region fo rm ed by the meet ing of the pl ume 
fronts of th e Chester and Susq uehanna 
Rive rs. There he fou nd concentrations of 
phytop lankton and oyster larva l food. Thi s 
may be ve ry important he says, because this 
interfronta l region "appea rs to overlap the 
locations of the major oyster beds in the 
Chester River ." 

Another type of front, the " shear" front , 
has also been observed in con junct ion with 
oyster beds. In a shea r front , the layers of 
fresh and sa lt water flow d iagonall y, allowing 
a layer of water to circu late between the sur­
face and the bottom whe re young oysters 
are sett ing. 

Though the mix of the waters creates 
conditions and areas favorab le to oyster 
growth, the actua l movement of the layers 
also presents something of a d ilemm a: Even 



in an interfrontal region, there is a net fl ow 
of water out of the estuary. W hy aren' t 
oyster larvae therefore washed out to the 
sea? How ca n they-or do they-stay in 
those nou ri shing areas? 

Water fl ow pa ttern s aga in provide a 
poss ible answer. As the tw o layers of water 
move in opposite directi ons, an o rga ni sm 
might be able to overcome the natural 
down-Bay flow if it is able to swim up and 
down from one layer to the other, moving 
back and fo rth li ke an all -day subway ri der, 
so that it remains in the area most benefi cial 
to its growth . Thi s, of course, presumes the 
existence of a mechanism w hich alerts the 
larvae to swim up or dow n, a mechanism 
w hich is yet to be identified . But Seliger 
found some indicati ons that such a 
mechani sm may be at work w hen he applied 
his hypotheti ca l model to two ri ve rs. 

A Tale of Two Rivers 
Though natural spat sets of new oysters 
have been decl ining around the Chesapeake, 
some areas continue to have good spatfa ll . 
O ne of these prod ucti ve areas, Broad Creek, 
runs roughly pa rallel to the nea rby Tred 
Avon Rive r, an unproducti ve area. By stud y­
ing these two ri ve rs in detail , bio logist Vi c 
Kennedy and ocea nographer Willi am 
Boicourt are trying to deve lop a better ex­
planati on of the interwoven bio logica l and 
physica l factors affecting spat set . 

The ir hypothesis: ce rtain ri ve rs like 
Broad Creek may have tidal and current pat­
te rn s that retain and cluster oyster larvae 
near oyster beds until they ca n set. O ther 
rive rs like the Tred Avo n may be scatterin g 
larvae across poor setting areas. 

Their technique: to use dye di spersa l and 
wate r current meters to identify the fl ow 
regimes in both rive rs and to co rrelate these 
water pattern s w ith spa t set, both o n natural 
bars and on asbestos spat co llectors. 

Their find ings could help oyster repleti on 
efforts by identifying those ri ve r systems 
where oyster seed ing and shell planting 
would be most effecti ve in stimulating set. 



The Oyster Food Scenario 
Since oysters are spawning on schedu le 
every su mmer, why are so few of their off­
spring surviving long enough to achieve suc­
cessfu l spat set? A poor d iet cou ld be part of 
the problem, say some scientists. They 
suspect that changes in natura l food supp li es 
cou ld be a major cause of the decl ine. 

According to thi s scenario, lowered 
sa liniti es and increased counts of pollution 
may have ca used major sh ifts in phyto­
plankton stocks that oysters feed on, w iping 
out " good food" species and leaving "poor 
food " stocks. As a result, poorly fed oysters 
may st ill be spawning, but they may be 
generating offsprin g too weak to survive 
long. Those offspring, in turn , may not be 
finding the food they need to last until spat 
settlement. 

To invest igate this scenario, Glenn Pat­
terson has been exam ini ng the stero l com­
position of oysters c1 nd some of the algae 
they feed on. Sterols are an essent ial ingre-

. dient in all but the most primitive li fe forms; 
for oysters they play a critica l rol e in growth 
and reproduction. Patterson and Sh in-ishi 
Teshima have already identified 40 stero ls 
in oysters taken from the Choptank River, 
proving that the oyster's stero l makeup is 
among the most complex of any spec ies. The 
researchers are also determ ining which 
stero ls oysters may be ab le to synthesize and 
w hich they must take directly from plankton 
food stocks. 

When a loca l aquacu lturi st transp lanted 
Chesapeake Bay oysters to a creek on 
Hatteras Island off the coast of North 
Ca rolina, he fou nd these Bay oysters grew 
more than twice as fast on Hatteras. Patter­
son and Teshima ana lyzed the transplants 
and discovered that the transplants had near­
ly three times the amount of sterols found in 
the stay-at-home oysters, startlin g evidence 
that food supplies may be a key problem. 

Patterson now plans to compare sterol 
composti on of oysters and algae found in 
prod uct ive and unproductive areas of the 
Bay, an approach that should clar ify the rol e 
of food in causing the current decline . 

12 





Competent Oysters 

As w ith many molluscs, once oyster larvae 
become bio logica ll y ready, or competent, to 
begin growing their shell s, they must find an 
environment wh ich initiates and promotes 
th is metamorphosis. For the oyster th is 
mea ns settling on hard su rfaces on the Bay 
bottom , most often large patches of o ld 
shell. 

But sometimes larvae are scattered by 
currents to areas where o ld shells are sca rce. 
Li ke other spec ies, the larvae of the oyster 
have the ab ility to sustain their competency 
and delay metam orphosis unti l suitab le 
substrate is fo und. 

Da le Bonar, a Unive rsity of Ma ry land 
developmental bio logist, studied the va ri ab le 
deve lopmental rates of growth among sibling 
larvae and the rate and pattern of protein 
synthes is. Thi s project may help us under­
stand how the potential fo r growth and 
development of oyster larvae affects the 
eventual size of the tota l popul ation. 

He found that these sib li ng larvae grow 
at different rates. Most grew rapidly to com­
petency, but a few sim ply stopped growing 
ea rl y in their development. Later on these 
late-b loomers resumed their growth- at a 
more rap id pace than their siblings-and 
reached competency in good health . Bonar 
suggests thi s stage of arrested deve lopment 
for a smal I portion of a single brood is a 
built-in mechanism fo r surviva l of the 
spec ies. 

Another such mec hani sm is the abil ity of 
both fast-g rowing and slow-growing oysters 
to susta in their peri od of competency. But 
the oyster, accord ing to Sona r's resea rch, 
does not enjoy an extended competency. 
Larvae ca n last w ithout setting only three 
days, fa r less than the nearly 60 days other 
mo llusc larvae enjoy. 

Once ready, oyster larvae need onl y a 
substrate to begin growing shell. If the 
substrate is provided w ithin the three-day 
period, growth begins w ith no adverse ef­
fects. If the su bstrate is introduced after that 
t ime, the larvae's growt h w ill be slower, and 
they may die. 



The Oyster Numbers Game 

Forecasting the oyster harvest for the coming 
year has always been a favor ite guess ing 
ga me among Bay-area watermen , seafood 
processors and resource managers. Working 
w ith computers, mathemati ca l formu las and 
40 years worth of histor ica l data, Robert 
Ulanowicz and his associates have been abl e 
to take a lot of the guesswork out of the 
ga me. 

He developed a multiple regression for­
mu la capab le of forecasting the oyster 
harvest up to four yea rs ahead . The formula 
recentl y passed its first two tests w ith high 
marks, predicting the 1979 harvest w ith 98 
percent accu racy. The formu la achi eved a 
precis ion unusual in mathemati ca l mode ling 
for an ecosystem as complex as the 
Chesapeake Bay. 

1979 Prediction: 2,228,371 bu shels 
Harvest: 2,197,409 

1980 Pred iction: 1,954,290 
Harvest: 2,08 1,875 

1981 Pred icti on: 1,608,481 
Harvest: ? 

1982 Prediction: 1,616,452 
Harvest : ? 

The oyster fo rmul a is a lagged correlati ve 
model based prim aril y o n two va ri ab les: spa t 
set and seed ing. 

Accord ing to the mode l, the downward 
tre nd refl ects two factors : declines in natural 
spa t sets and a recent drop in the number of 
seed oysters planted annuall y under the 
she ll fish management program of the 
Maryland Department of Natural Resources. 

Before bui lding their fin al model, 
Ulanowicz and computer programm er 
W illiam Caplins co llected 40 yea rs of in for­
mation on: 

• oyster harvests, 
• fishing effort , 
• sa liniti es, 
• wa ter temperatures, 
• air temperatures, 
• rain fal l, and 
• annual averages, extremes and stress 

ep isodes for all environm ental 
va ri ables . 

They located and inserted into the com­
puter more than 65,000 sepa rate facts, 
developing a data bank that shou id prove 
useful fo r other resea rchers workin g on 
simil ar fi shery projects. In the end , onl y spat 
set and seeding showed signifi ca nt cor rela­
ti ons w ith fut ure harvests. The pred icti ons for 
1979, for exampl e, depend o n spat set and 
seeding data for 1975, 1974, 1973 and-sur­
prisingly- 1970 . 

Since spa t set, as expected , proved the 
single most significant facto r, they also 
worked on a model for predicting natural 
set. Good spat sets, they found , co rrelated 
wi th high sa linities, low rain fa ll and low 
harvests the year before, but none of these 
co rrelations proved signifi cant enough to 
give reliable co rrelat ions for future sets and, 
beyond that, for future harvests . 

Besides generating accurate fo recasts for 
future harvests, the model prov ides cl ea r 
ev idence of the im portance of seed ing in off­
sett ing poor natural sets. "Thi s study," says 
Ulanowicz , "shows we have moved from a 
'wild harvest' to a 'put-and-take harvest' that 
is dependent on management efforts." 

I 
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Understanding Spat Set 

Microbiologists Rita Colwell and Ron 
Weiner are investi ga ting two major suspects 
loose ly impli ca ted in the dec line of oyster 
reproduct ion: biofouling of oyster beds and 
chemi ca l pollution. In the process they are 
bui lding better understa nding of spa t 
set-one of the most important and 
mysteriou s moments in the life cycle of the 
America n oyster. 

O nce oyster larvae float ing in the wate r 
are ready to se t, they need to find good 
"cultch," hard surfaces like o ld shell, rocks, 
firm bay bottom, w ire, wood, concrete­
even rubber tires ca n make good cultch 
under the ri ght conditi ons . Fouling of cultch 
can sometimes help, sometimes hinder that 
process . Fouling occurs because any surface 
that sits long in estuarin e waters is soon 
covered by a film of microbial life, by com­
munities of microorganisms, some of which 
attract larvae, some of w hich repel them. 
Chem ica l pollution cou ld be hinderin g that 
process by weakening those microbi al com­
munities that speed up spat set. 

By studying the role of microorga nisms 
in the estuary, Colwel l and W einer have 
begun identifying those spec ies that attract 
larvae and are now pl anning studi es on 

specific pollutants that may disrupt spat se t. 
Their ea rl y work on thi s ongoing project 

developed the following find ings: 

• Oyster larvae preferentially set on sur­
faces first colonized by microorganism s. 

• Two spec ies wh ich enhance spat-set at­
tachment have been ident ified and 
iso lated: one is a gram-negat ive rod 
and the other is a unique, fil amentous, 
sem i-sp iral-shaped proca ryote. 

• A proca ryote which is antagonisti c to 
c1ttachment has also been ident ified. 

• Other condition s being eq ual, the in­
ve rtebrate larvae were found to attc1ch 
preferentially to oyster she ll , as com­
pared w ith glass, by a factor of 100 to 
one. Under proper conditions and in 
the presence of spec ifi c co lonizing 
bacteri a, spa t attached readil y to oyster 
shells in ex tremely hi gh density. 

Other kinds of subst rates are being 
tested in con tinuing work, including bi valve 
shell and plastic and glass surfaces w hich are 
designed to elucidate the set ting process of 
oyster lc1rvae. 



Improving Spat Set 

To counter the prospect of fa lling 
harvests, the Maryland Depa rtm ent of 
Natural Resou rces eve ry yea r dredges new 
oysters out of off- limi ts "seed areas" and 
pla nts them in pub lic ba rs fished by 
watermen. O ne way to build up th e num ber 
of seed oysters needed to sustain th e fi shery 
is to find better ways of catc hing spat arou nd 
those off-l imits bars w ith a hi story of high 
spa t cou nts. 

In an effort to determine the effic iency 
and cost effectiveness of va ri ous spat co llec­
tion techniques, George Krantz and hi s 
assoc iates rigged tests at four different loca­
tions in the Chesapeake Bay and at one site 
in Ch incoteague Bay-a ll p laces w here 
relatively large spatfa ll occurred over the 
prev ious five-yea r period . 

Researchers tested a w ide range of poss i­
ble co llection materia ls and ranked them 
according to observed efficiency in the 
fo llowing order: natural shell , concrete co l­
lectors , green shell , dredged shell , tire chips, 
slag, pine wood, oa k wood. 

The project identified several problem 
areas: 

• Dev ices meant to attract oyster spat 
also drew large numbers of other 
o rganisms: tube wo rm s, bryozoa ns and 
barnac les. Biofouling posed a major 
deterrent to efficient spat co llection. 

• Sedim ent, known to ki ll spat in hatch­
ery environm ents, deposited on the 
su rfaces of all co ll ectors. 

• Though placed in fair ly protected 
waters, suspended co ll ectors often fe ll 
prey to Bay storm s; Trop ica l Storm 
David destroyed 60-70% of the co llec­
to rs in a two-clay peri od in 1979. 

• Collection depended, of course, on 
ava il ab ility of spat in the water. Since 
spa t set proved low during the 1979 
test ing period, determ inations of spat 
co llector effic iency proved difficult in 
ma ny cases. 

Both the field tests and laboratory tests 
showed the oyster spat chose concrete about 
as ohen as oyster shell. The w ire baskets 
coated w ith concrete proved attractive to 
spat and demonstrated the added adva ntage 
of less fouling due to the space between the 
w ires, w hich allowed sedim ent and fou ling 
orga ni sms to pass through. Basket co llectors 
weighed onl y 10 to 11 pounds at the end of 
the study, w hile shell bags-foul ed w ith 
orga ni sms and sed iment - increased in 
weight from 35 to 80 pounds, mak ing hand­
li ng d ifficult. 

The stud y's conclusion: of all the 
suspended co llector systems, only the con­
crete-coated co ll ector produced spat at a 
cost comparab le to other so urces of seed 
oysters. The most cost-effecti ve system fo r 
co llect ing spat from the natu ral env ironment, 
though, rema ins the state's shell p lanting 
program, w hich does not rely on off-bottom 
co llect ion devices. 

Any spa t co ll ection dev ice dependent on 
the natura l environment suffers the w him s of 
unpred ictab le product ion , and the stud y em­
phas izes that onl y hatchery techno logy, 
operat ing at a slightl y higher spa t production 
cost, can provide pred ictable y ields of seed. 

17 



18 . 

Building A Better Hatchery 

Another way to get more seed oysters is 
to grow them in a hatchery. Hatchery­
spaw ned oysters have been w idely suggested 
as one so lution to the probl em of declining 
natural spat sets in the Chesa pea ke Bay. If 
seed oysters can be economica ll y spawned, 
set, and grown on land , and then planted in 
the Bay, then an extensive seeding program 
could help sustain M ary land 's most va luabl e 
fi sh crop . For that reason, the shellfi sh pro­
gram managers of the M ary land Departm ent 
of Natural Resources have considered plans 
fo r building a producti on-size hatchery to 
supply those seed oysters. Before committing 

state funds, they are wa iting o n technica l, 
economic and bio logica l data now being 
deve loped at a pil ot-sca le hatchery at the 
Horn Point Environm ental Laboratory w ith 
fundin g from the DNR and the M aryland Sea 
Grant Program. 

George Krantz's w ork at the pilot hatch­
ery concentrated fi rst on confronting and 
so lving the bio logi ca l and tec hnica l prob lems 
of spawning, feeding, setting and planting 
seed oysters w hile keep ing close track of all 
costs and potent ial revenues . M ajo r pro­
blems encountered stemmed from the 
relative ly low sa li nity of the Choptank River, 
a problem that mea nt longer product ion 
schedules, higher water fl ow rates and 
higher costs than prev iously estimated. The 
data compiled du ring the first two years' 
w ork was then sca led up to evaluate produ c­
tion hatcheri es , ei ther commerciall y 
operated or state-operated hatcheries. 

To analyze the producti o n dynamics and 
economics of a large-sca le hatchery, Krantz 
and Fred Lipschu ltz used a se ri es of linear 
programming mode ls. Based on a 42-week 
annual producti on schedule, thei r model 
identifi ed product ion bottl enec ks, predicted 
probl em areas and eva luated economic 
feasibility fo r both commerc ial harvest ing 
and for seed production . Their findin gs: 

• A comm ercial hatchery grow ing oysters 
to sca le size would have little chance 
of succeeding, prim aril y beca use of 
possibl e crop fail ures and a three-yea r 
start-up peri od. 

• Seed hatcheri es, beca use they can turn 
out spat and generate income after o n­
ly one year, have a better chance oi 
economic surviva l , according to the 
model . 

• Spat grown in the hatchery fo r 13 
weeks suffered 90 percent mortality 
w hen planted in the Bay and produced 
profits of $.005 pe r oyster. 

• Spat grow n for 26 weeks suffered on ly 
20 perce nt mortality after planting and 
yielded profits of $.04 per oyster. 

As Kra ntz and his staff deve lop more 
data on hatchery prod ucti o n techniques, 
they w ill modify the model further. 



Building A Better Oyster 

Better oysters, oysters that grow faster 
and fa tter, that don' t get sick, and all have 
the sa me size shell. That's one of the goa ls 
of an oyster hatchery and one of the keys to 
a long-range oyster seed ing effo rt. And it 
may not be as impossible as it sounds. 

Agri cultural sc ienti sts have lea rn ed better 
ways to breed bigger cows, pigs, chickens, 
and food plants of all kinds. Aquacultural 
resea rchers are now trying to do the sa me 
w ith oysters . 

To develop some of the initi al in fo rm a­
ti on needed fo r bui ld ing a better oyster, 
Brian Brad ley, George Krantz and Joseph 
W utoh are studying vari ability in grow th and 
surviva l of two oyster populati o ns, resea rch 
that applies d irect ly to grow ing better brood 
stocks in shell fish hatcheri es. 

An Oyster Cell Line 
Severa l times during recent history, 
ep idemics ca used by protozoa n or funga l 
agents have w iped out large numbers of 
oysters, endangering Chesa pea ke Bay oyster 
harvests. To better understand mollusca n 
patho logy, Frank Hetri ck and Nancy Lomax 
have been working on develop ing a 
mollusca n ce ll line that could help sc ientists 
determine how d isease-causing viruses in ­
te ract w ith ce lls of oysters and cl ams. 

The results of their w ork o n oysters in ­
clude: 

• Establi shing prim ary cultures of oyster 
ce ll s, large ly w ith t issues of the oyste r 
hea rt , mantle and gonad. Their ex­
perim ental proced ure invo lved decon­
taminating oyster ti ssue, mincing it into 
small fragments, and either using the 
ti ssue directl y in ex plant cu lture or 
dissociating the ti ssue furth er by tryp­
sini za tion . 

• M aintaining vi able first-generation ce lls 
in culture fo r extended peri ods of time. 

• Adapting a virus assa y system and us­
ing it to test Chesapea ke Bay oysters 
fo r evidence of enteroviruses-viruses 
that could ca use intestina l infections in 
humans. By testing oysters from 11 
oyster bars around the Bay, they were 
able to show that the M aryl and oyster 
fi shery has no p roblem of enterovirus 
contaminati on at the present time, a 
findin g impo rtant to co nsum ers, 
seafood processo rs and public hea lth 
offi cials. 

To date, however, they have not been 
able to achieve in their primary cell culture 
the kind of successful ce ll repli ca ti on that 
would lead to second-generat ion ce ll s and 
the establi shment of a ce ll line. 

With their clam culture work the resul ts 
were simil ar: first-generation ce lls- both nor­
mal and neoplasti c ce lls-were maintained in 
cultu re for extended peri od s, but no ce ll 
d ivision occurred . 



The Second Season 
ROCKFISH 

Marone saxa tilis 



The springtime rockfish run is the second 
great season in crisis. 

In a good year, rockfish are the major 
commercial finfish catch in the Bay. For 
watermen stranded between slow, late­
season oystering and erratic, early-season 
crabbing, that short rockfish spawning run 
can put their books in the black for the year. 

In almost any year, rockfish, also known 
as striped bass, are the most popular sport­
fish in the estuary and one of the great 
coastal gamefish hunted by charter captains, 
private boatmen and surfcasters from North 
Carolina to Maine. 

The rockfish may be on its way out as a 
great commercial and sports catch, but it is 
not going quietly. The fish became so pro­
fitable and popular because of its size and 
fighting spirit that its decline during this 
decade has sparked controversies among 
watermen, sportsmen, scientists and 
legislators from Maryland to Maine. Sports­
men have launched major lobbying efforts 
asking for commercial fishing bans and 
emergency research programs. Maryland 
watermen, in turn, have resisted fishing bans 
and started their own hatchery in hopes of 
restocking the depleted estuary. In the sud­
den decline of this once-prolific species, 
many people see a poignant symbol for 
man's abuse of the natural environment. 

The signs of crisis are clear: 

• Commercial harvests in Maryland 
waters declined from 4.9 million 
pounds as recently as 1973 to a catch 
of less than a million in 1979. 

• In 1976, the sports. catch had dropped 
to one tenth what it was in 1962, ac­
cording to a survey by the Maryland 
Department of Natural Resources. 

The causes of that decline are as murky 
as the rivers where the rockfish spawn, rivers 
that grow darker every year with more 
chemicals, heavy metals and sewage, rivers 
that may not hold enough food for the 
millions of rockfish larvae still born there 
every spring. 

Research on rockfish has centered on 
the dynamics of dominant year classes, those 

sudden, outsize populations usually followed 
by a string of smaller classes. For several 
decades, dominant year classes arrived every 
six years or so, triggered by harsb winters 
followed by late thaws. That combination 
scours marsh grass and underwater vegeta­
tion, enriching the spawning waters with 
detritus that feed small organisms and build 
a dense food base for rockfish fry. This 
decade produced three cold winters but no 
large year classes since 1970, spurring 
research and debate on the problems of 
disappearing baygrasses, dwindling food sup­
plies, competing species and increasing 
amounts of chemical pollution in the water. 

Food For Fish 

Two Sea Grant projects have been in­
vestigating the food supply for rockfish lar­
vae, one of the key factors that determines 
survival past the larval stage and the even­
tual strength of each year class. Eileen 
Setzler-Hamilton is studying the competition 
for food between rockfish larvae and white 
perch larvae, many of which are spawned at 
the same time and in the same rivers. She is 
finding that white perch begin feeding 
earlier, as soon as they reach 3 mm in size, 
while rockfish start feeding later, when they 
reach 6 mm in size, around the sixth day. By 
Jnalyzing stomach contents, she hopes to 
document whether both species feed on the 
sJme organisms and to evaluate the effect of 
this competition on rockfish survival. 

Finding the Food 
Working with funds raised by a New 
EnglJnd sportsmen's group called Save the 
Bass, Douglas Martin is examining the effects 
of low food supplies on rockfish larvae. He 
reports that the effects of starvation can 
develop after a single day without food. One 
of the first effects, he found, is deterioration 
of eye tissues. Since the rockfish is a visual 
feeder, even partial loss of vision increases 
the probability of starvation unless the waters 
are dense with microscopic food. 
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Spawning Problems 

Another suspect in the decline of striped 
bass popµ lations is chemica l pollution, and 
research supported by discret ionary fu nds 
from Maryland Sea Grant has turned up 
prel iminary ev id.ence suggest ing the power 
of toxic pollutan ts to d isrupt rockfish spawn­
ing. In 1979, George Krantz took rockfish 
from the Choptank River and tri ed to induce 
spawning in land-based waterways at the 
Horn Point Environmental Laborato ri es. After 
inducing ovu lation in 29 females , he found 
that only one female produced offspring 
capab le of li v ing more than four days. Most 
of the eggs proved infertil e or produced fry 
with gross deformities . Though rockfish eggs 
are normally protective sacs, the co lor of 
pea rls, the eggs from Horn Point proved so 
enfeebled they cou ld be popped between 
two fingers. 



The Economics of Decline 
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The deplet ion of the str iped bass fishery 
affects thousands of peop le: wa termen, 
recreational fishermen, food processors and 
the manufacturers, retail ers and mechani cs 
w ho supply, se ll and service boa ts and 
fi shing equipment. Thi s compl ex structure is 

currentl y the focus of two Un ive rsit y of 
Mary land resource economi sts, Virgil Norton 
,incl Iva r St r.i nd . 

Assess ing the moti vati on of recreat ional 
fishe rm en- determining how much they wil l 
spend to go after striped bass, and w hat they 
may do if the bass aren' t biting-may prove 
to be diffi cult , they report, since the number 
of bass av.i ilable in the Bay has not been 
grea t. In assessing data coll ected in 1977 and 
1979, they w ill estab li sh va lues fo r recre­
ati onall y ca ught striped bass wh ich w ill 
inco rporat e intangibles not eas il y measured 
by econom ic mode ls: va lues li ke being out­
doors; boa ting on the Bay; being sa ti sfied 
w ith casting for other fish. 

In the commercial sector the pattern is 
much cleare r. Rising reta il prices for striped 
bass have not inhibited demand for the fi sh. 
Consequen tl y, the costs of catching the 
striped ba ss fo r comm ercial fisherm en h;we 
not been great enough to deter them from 
"sea rching ou t every striped ba ss ." The 
stri ped ba ss is thus roasting over a d ilemma: 
commercia l fi sherm en are ab le to cont inue 
to ea rn their li ving harvesting the fi sh, w hich 
is good fo r them; but the cost is the furth er 
depleti on of the spec ies. "Current pri ce 
trends and current regul atory approaches," 
Nort on and Stra nd griml y suggest, "could 
lead to a compl ete eliminati o n of thi s 
spec ies." 



The Third Season 
CRABS 
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The Offshore Odyssey of the 
Atlantic Blue Crab 

Summertime may be the most unce rtain 
season of all for those w ho make their li v ing 
off the fisher ies of the Chesapeake . 

The great summer harvest is the Atlantic 
blue cra b. That hard y cru stacea n is not suf­
fe rin g the reproduct ive fa ilure affli cting 
spec ies like the oyster and the stri ped bass. 
Blue crabs, as far as sc ienti sts ca n tell , are 
sti ll reproducing in prod igious num bers every 
year in the southern reaches of the Bay. But 
the great questi on for those w ho study and 
hunt th is vo rac ious anim al is: where in the 
Bay or elsewhere do all these new crabs go? 

The migrati ons of the blue crabs are 
close ly watched along th e Chesapeake 
shoretowns and islands, north and south . In 
Dom ini on and Crisfield, o n Til ghman Island 
and Tangier, crabb ing is still for thousa nds of 
wate rm en their warm weather work . After 
winter oystering, it is thei r major mea ns of 
making a li ving. For nea rl y half the yea r from 
May we ll into October, the work , play and 
talk in these towns keeps time to those 
silent , unseen migrati ons along the bottom of 
the Bay. Watermen know there ' ll be crabs 
every yea r as sure as there' ll be summ er, but 
they don't know-they neve r know- how 
many crabs w ill be crawl ing north each 
season. 

O n the Chesapea ke, good crabbing yea rs 
ancl bad fo llow each other in w ild ly flu c­
tuating cycies. Si nce 1966, the Bay-wide 
harvest has bou nced up and down between 
a high of 94 million pounds and a low of 45 
million . Similar jum ps and drops punctuate 
the blue crab catch reco rd s of the last half 
cen tury. Nei ther waterm en nor resource 
managers nor marine biologists have been 
ab le to exp lain w hy these harvests flu ctuate 
so dramati cal ly. 

Though most crabs head north in the 
spring, fema le blues pregnant from last sum­
mer' s mat ings prefer to linger in the higher 
Sil liniti es to the sou th , turning the lower Bily 
into a giant crab hatchery. Ca rrying ora nge 
and brown egg masses, these fema les-ca lled 

soaks- hatch their eggs from ea rl y sprin g to 
mid-summer, releasing mi ll ions of crab lar­
vae into the wa ter. Each fema le probab ly 
spawns two to three mil lion larvae. 

Tiny and barely visible, th ese larvae 
begin a different kind of migration . Abou t 
their trave ls, however, litt le is known , either 
by biologists or waterm en. W hat happens to 
th ese would-be crabs as they grow and molt , 
grow and molt , shedding their shells no less 
than 20 tim es in their passage to adulthood? 
More important ly, where in the Bay do ,these 
larvae go? 

That's a majo r mystery in the we ll ­
studied life cyc le of the At lantic blue crab. 
Some bio logists believe those larva l migra­
ti ons could ca use harvest flu ctuati ons the 
fol lowing ye,m. If they could prove that lar­
vae migrate and then track their migrat ions, 
biologists might predict those jumps and 
drops in the harvest. They might be abl e to 
tell w hen good yea rs and bad yea rs were 
coming. They might finall y explain w hy the 
blue crab is such a va ri able feast. 

Desc ribin g these migrati ons in greater 
detail has been a major pro ject for Sea GrJnt 
resea rchers in Maryland, Delaware and 
Virginia. At the University of Maryland 's 
Horn Point Env ironmental Laboratories, 
marin e biologi st Steve Sulkin 
hJs developed laboratory ex­
periments that are revea ling 
the ways in w hich blue crab 
lilrvae respo nd to light , gravity 
Jnd pressure. His findings sug­
gest that the blue cra b through 
mi ll ennia of evo lut io n has 



developed adapti ve mec hani sms that insu re 
wide dispersal of its offspring-dispersa l in 
many yea rs reaching fa r beyond the bounda­
ries of the Chesapea ke Bay. 

Hi s findings indicate: 
• First-stage larvae, most of w hi ch seem 

to hatch in the upper wate rs of the 
Bay, tend to ri se to the surface, swim­
ming towards the light and aga inst the 
pull of grav ity and the pressu re of 
deeper waters. In some years those lar­
vae may be lost from the estuary, 
swept out by the ocean-flowing, upper 
waters of the Bay. 

• Those first-stage larvae hatched in 
lower waters are probab ly trapped 
there. Though they also swim upwards, 
they are unab le to cross the pyc­
nocline, that sharp d iscontinuity in 
pressure that separates the inward Bay­
flowi ng wate r from the upper, 
outward-flowing surface waters . 

• Later-stage crabs, ca lled mega lopae, 
tend to sink downwards, seek ing the 
da rker, denser, sa ltier waters be low. 

From those findings and from fi eld 
sampl ing surveys organized by Charles 
Epifa nio of the Un iversity of Delaware and 
Anthony Provenzano of O ld Dom inion 
Un iversity, researchers are develop ing a new 
scenario describing the blue crab li fe cyc le. 

That scenario reads something like thi s: 
Those larvae born in the lower levels of the 
estuary remain in the Bay and form the base 
leve l of ann ua l b lue crab popul ation s. Those 
larvae hatched in the upper, seawa rd-fl owing 
wate rs, however, are usually swept out of 
the estuary and south along the At lantic 
coast , sped along by the preva i ling north­
westerly w inds and south-flowing currents. 
They are " recru ited" to an offshore nursery, 
a large mixing and growing ground fed also 
by larvae washed ou t of Delawa re Bay and 
Ch incoteague and the Caro lina sounds. 
Above the continental shelf, these larvae 
continue to float and feed and grow and 
molt, their numbers constant ly cut by ocea n­
feeding fish. 
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The cr it ica l quest ion is w hether seago ing 
larvae are a lost part of each year's crop . Or 
do they return in some yea rs? Are there fre­
quent reversa ls in prevai ling w inds and cur­
rents? Do ep isodes of southerl y w inds, north­
fl owing currents, low freshwa ter run-offs help 
keep those larvae nea rby until they 
metamorphose and seek deeper waters? Do 
they then re-enter the estuary, entrained by 
the inwa rd -fl owing bottom waters that feed 
into the Bay . That offshore recruitm ent, or 
the lac k of it in some years, could clea rly 
ca use those huge flu ctuati ons in the Baywide 
harvests. 

Answerin g those quest io ns is an ongoing 
goa l of Sea Grant programs at three unive r­
sities. Hi sto ri ca l record s suggest that reversa ls 
in preva iling w inds and currents do occur 
during ce rtain years, somet imes du ring 
c ru cial spawning months. Those cu rrents, 
combined with low freshwater run -offs, 
could hold many of those upper-leve l larvae 
nea r the mouth of the Chesapea ke, maki ng 
offshore rec ruitm ent a signifi ca nt source of 
new crabs du rin g those years. 

If that offshore hypothes is tests out, 
sc ienti sts sho uld soon be able to come up 
w ith better pred icti ons of how many crabs 
w ill be coming north through the 
Chesa pea ke each yea r. 



The Bay's Big Blue Crabs 

Blue crabs have always grown faster and 
larger in the Chesapeake Bay than in the 
sa lt ier waters of Chincoteague Bay, lead ing 
scient ists to specu late that either sa linities or 
subtle geneti c shifts accounted for the great 
differences in crab growth. Marjorie Reaka 
completed one of the first controll ed ex­
perim ents designed to test these competing 
hypotheses. Her results suggest other factors 
are at work. 

She co llected crabs from the Chesapeake 
and the Chincoteague and in controlled 
laboratory environments measured their 
growth responses under three different 
temperature regimes and three d ifferent 
sa linity regim es. Her objectives were to find 
out how fast molting takes place and how 
much growth occu rs during each molt. 

Her findings: 
• Chesapea ke crabs molt more frequent­

ly than Chincoteague crabs and grow 
more quick ly during each molt , w hen 
tested imm ed iately after co llect ion in 
laboratory conditions matching th ose 
in their o ri ginal environments . 

• Chesa peake and Chincoteague crabs, 
however, do not grow differentl y w hen 
tested under identi ca l environments, a 
finding w hi ch means genet ic dif­
ferences do not determine the different 
growth rates fo r these popu lations. 

• Sa linity does not signifi ca ntl y affect fre­
quency of molting or rate of growth 
during each molt. 

• W arm er temperatures-up to 25°-do 
increase frequency of molting and rate 
of growth per molt. 

• Larger crabs spawn many more eggs 
than smaller crabs, a finding w hi ch 
documents the hunch that estuarin e 
rather than coastal crabs produce most 
of the larvae in the mid-Atl antic region. 

At first glance, her d iscovery th at wa rm er 
temperatures speed molting and growth 
presents a paradox: temperatures in the two 
regions are usually simil ar, w ith higher 
temperatures more often found in the Chine-

oteague, the site of sma ller c rabs. 
To reso lve the paradox, Reaka suggests 

two possibiliti es: crabs may grow quicker up 
to 24 degrees cent igrade, the highest 
temper-a ture tested, but warmer wa ters may 
stunt growth. A second , more li kely exp lana­
tion for faster growth in the Chesapeake is 
that blu e crabs may find more food and 
nutrition in an estu ary than in ocea n coasta l 
waters. 

Red Crab Studies 
The deep-sea red crab is the target of a 
rapidly developing commerc ial fishery along 
the eastern Un ited States. Landings in 
southern New England in 1977 increased by 
97 percent over the previous yea r, and in 
1978 Virginia reported ly landed 4.8 million 
pounds. Some estimates pred icted that land­
ings in 1979 wo uld approach 10 million 

pounds . These est imates and ea rli er popula­
t ion projection s make it clea r that the poten­
tial for overexp lo itation of the fishery is in­
creasing. 

Bio logical and eco logica l informat ion 
about the red crab is sketchy, however. 
Wi lli am Van Heukelem and Steve Su lkin are 
studying growth rates of larval and juvenile 
stages and documenting behavioral re­
sponses of the larva l stages which influence 
di spe rsal and hence recruitm ent of new in ­
dividuals to the population . 

Understanding the movement of the lar­
vae ca n tell us wh ich forces may encou rage 
or inhibit their eventual recruitm ent. 
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Water Quality 
Studies 
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Underly ing the success of any fi shery is 
the hea lth of the w hole ecosystem; underl y­
ing that hea lth is water quality. M ajor 
po llu tants now entering the Chesa pea ke Bay 
include agri cultural pestic ides, petro leum , 
heavy metals, sewage and the chlorine used 
to treat it. With so many su bstances fl owing 
into the water from citi es, fa rm s and in ­
dustri es, the Mary land Sea Grant Program 
has focused research on: 

• deve lop ing more acc urate indicators of 
water qua lity; 

• building a better understa nding of the 
interacti ons, degradati ons, and fa tes of 
the va riou s po llutants in the estuary; 
and 

• compiling base-line data on the littl e­
understood microbi al populati ons that 
recyc le some of these po llutants and 
parti cipate in important ways to the 
major food chains of the estu ary. 

The Problem With Water 
Quality Tests 

Health tests wide ly used to mo nitor 
wa ter quality in Maryland rivers and 
estuaries may be consistentl y inaccurate, the 
result of errors identifi ed by mi crobiologists 
Rita Co lwe ll and Brian Austin. 

To guard aga inst typhoid , paratyphoid 
and dysentery, the classic wate r-born e 
dis2ases, hea lth officials have long used the 
co li form index, a class ic sa mpling procedure 
fo r testing water and seafood products 
sched ul ed fo r human consumption . The in ­
dex is an indirect test: it sa mples not for 
disease agents, but fo r co lifo rm s, harml ess 
" indicator" orga ni sms. The key assumpti ons 
behind the test are two: pos iti ve readings im ­
ply co liforms; co li fo rm s, in turn , im ply 
disease-ca using bacteria. 

Those time-wo rn assu mpti ons may be in ­
co rrect, according to Co lwe ll and Austin. 
They d iscovered that many other bacteria 
typ ica l to the Bay ca n also ca use positive 
co li fo rm counts. That find ing suppo rts a 
w idely held hunch that trad it ional water 
qua lit y tests need to be re-eva luated . A 

positi ve reading on a co li fo rm test may not 
indica te a hea lth haza rd , say the mi cro­
bi ologists, and a nega ti ve read ing may not 
imply hea lth y conditions. 

What ca uses a positi ve result , says 
Aust in , is bacteri a w ith the ability to ferm ent 
lactose in the test broth. Some harm less 
bacteria, it is now clea r, possess that ab ility 
;i nd others may be able to acquire it via 
plasmids- pi eces of extrace llul ar DNA that 
ca n be passed among and picked up by a 
va ri ety of bacterial spec ies . "With a com­
pleted co li form test, we rea ll y do n' t know 
w hat the orga ni sms are that ca use a pos iti ve 
result," he ex plain s. 

The Co lwe ll -Austin proj ect also had 
other goa ls and other find ings. After co ll ec­
ting and analyz ing wa ter, sediment and 
oysters at monthl y interva ls from fo ur loca­
tions in the upper Chesa pea ke, they have : 
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• eva luated the co li form ind ex and iden­
tified sources of error; 

• estab lished that extra-c hromosomal 
elements were responsible for lactose­
fermenting abiliti es in Pseudomonas 
aeruginosa; 

• named a wide range of 
Enterobacteriaceae that occu r in 
oysters, sed iment and wate r; 

• found no seasonal variat ions in co l­
iform cou nts in oysters; and 

• d iscovered that oyster bacteria resem­
ble sed iment bacteri a. 

That last finding suggests that testing 
sedim ent rather than wa ter may give more 
accurate readings on the hea lth of shellfi sh 
beds . 
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Monitoring Petroleum Pollution 
O il sp ill s now rank right behind nucl ea r 
accidents as one of the major environmental 
nightmares of the modern age, thanks to 
head I[ nes about the w reck of the super­
tanker Amoco Cadiz and the blowout of oi l 
we ll s li ke the lxtoc 1 that ran out of control 
in the Gulf of Mexico last year. Most o il 
pollut ion, however, occurs through leakage 
during shipp ing and offload ing, and the 
major damage-as w ith nuclea r wastes-may 
not show up until yea rs later. 

Two M aryland Sea Grant sc ientists have 
developed laboratory techniques fo r 
monitoring a subtle form of oil po llution 
found in many harbor and river shipping 
areas . Chemist Howa rd DeVoe, after work­
ing out a quicker system for extracting o il 
compounds from sed iment and oysters, iden­
tifi ed several po lycyc li c aromati c hydroca r­
bons (PA H's) in water and sediment sa mples 
taken from Baltimore Harbor . And 
microb iologist Mary Vo ll adapted the Ames 
test-a standard test for ce ll mutati on-to 
show that some of those PAH 's may be car­
cinogenic. The resea rchers found no 
evidence that oysters were tak ing up the 
cancer-ca using compound s. 

The Maryland sc ienti sts were studying 
PAH's because these compou nds are one of 
the most subtle, long-lasting and difficul t-to­
detect forms of oi l po llu t io n. When spill ed in 
wa ter, most petro leu m compounds begin to 
break apart , w ith some hyd roca rbons 
evaporating quick ly and others degrading 
slowly thro ugh microb ial action. Beca use 
PAH's may last for centu ries, they could be 
bu ilding up in the bottoms of harbors, rivers 
and estuari es w here they ca n mix w ith other 
materi als and possib ly co ntaminate shellfi sh 
and other marine life. 

Detecting PAH's ca uses spec ial problems 
for resea rchers because of the difficulty of 
separating the compound from bottom sed i­
ment and animal tissue. " The sedim ent we 
looked at had the consistency of black 
mayonnaise," says De Voe, "and nea rl y all of 
it had a va ri ety of industrial chemica ls in it. " 
Working w ith oysters and sed iment from the 
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Colgate Creek sect ion of Baltimore Harbor, 
DeVoe devised tech niques for preparing 
sampl es that proved quicker than the time­
co nsuming methods previously described in 
the sc ienti fic literature. Using high-pressure 
liquid ch romatography, he identified several 
four-ring hydroca rbon compounds and 
benzo(a)pyrene, a five- rin g hydrocarbon 
compound . 

By adapt ing the Am es test, Vo ll found 
evidence that so me of those PAH 's and 
other unidentified materi als in the harbor are 
probab ly ca rcinogenic. The Ames test 
showed that the harbor compounds caused 
mutati ons in bacteri a, a tra it common to 
most ca nce r-causing agents. That discovery 
shows " nothing alarming," says Vo ll, since 
the harbor floor, heav il y enriched by 
hyd rocarbons over the yea rs, is not a typi ca l 
Chesapea ke Bay environm ent . What would 
be alarmin g, she says, would be massive 
dredging of harbor sediment and the dump­
ing of spo il disposa l in other, biologica ll y 
producti ve areas. 

The resea rchers fo und no evidence of 
PAH uptake in oysters ta ken from the Chop­
ta nk River, a relati ve ly clea n environm ent, o r 
from other oysters kept in an aq uarium 
lined w ith contaminated sed im ents. 

Co-oxidation of Petroleum 

Co-ox idat ion is a littl e-understood mea ns 
of microbial degradati on of petro leum 
hydroca rbons. In co-ox idation , microbes 
growi ng on one compound , the growth 
substrate, are ab le to ox i-di ze a second com­
pound , the cosubstrate. Joseph Cooney and 
M ichael Shi ari s are trying to discover 
w hether co-ox id ati on plays an important 
eco logica l ro le- in the degradat ion of 
po lycycli c aromat ic hydroca rbons (PAH's) . 

They first deve loped an assay procedu re 
fo r detecting bacteri a and-fungi that degrade 
PAH 's in the presence or abse nce of orga nic 
substrates. Using thi s assay, they found 
prelim inary ev id ence that co-oxidation may 
be occurring among complex hydrocarbon 
mixtures such as those found in the sed i­
ments of the estuary. 
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Tracking Trace Metals 

Heavy industry mea ns jobs and 
paychecks and food on the tabl e for hun­
dreds of thousa nd s of people in the 
Chesapea ke Bay area. 

Heavy industry also mea ns heavy metals 
in the waters of the world 's largest tidal 
es tuary, metals like mercury, tin and arsenic. 
Add to that mixture metals entering from 
other sources- lead from automobil e ex­
hausts, cadmium from brake linings, tin from 
anitfouling paints-and the result is an in ­
terlinked eco nomi c and environmental pro­
bl em. 

In an estuary, heavy metals may undergo 
chemica l and mi crob ial transformations that 
help them penetrate the seafood chain at 
several leve ls. Trace metals often enter the 
food chain at the microb ial leve l and then 
work their way up through the lin ks, mov ing 
th rough bacteria , phytop lankton, zoo­
plankton and fi sh larvae, somet im es invad ing 
the blood and ti ssue of oysters and crabs and 
finfi sh. In large concentration s, trace metals 
are probab ly tox ic. 

Sin ce the lin ks in that food chain are 
many and tangled, understanding how 
metals move alo ng the chain sti ll ca ll s for a 
lot of compli cated guesswo rk. Chemi st J.M. 
Bell ama studied the interaction s of metals 
and microbes, trying to clarify the mea ns by 

w hich microorga nisms transform tin and 
mercury into o rganometal compounds and 
trying to identify the ro le of those com­
pounds in the estuarin e eco logy. 

Cadmium Studies 

Yen-Wan Hung studied the potenti al of 
using oysters as a poss ibl e bi o logica l in­
dicator of cadm ium pollution in d ifferent 
areas of the Chesapeake Bay. The scope of 
the resea rch was restri cted to deve loping 
data on rates of cadmium uptake under 
va ri ed laboratory environments. 

Hung tested oysters for 40 clays in fo ur 
water samples w ith cadmium conce ntration s 
ranging from 8 parts per billion (ppb) to 105 
ppb. Her findings to date: 

• Oysters take up cadm ium from wa ter . 
• The rate of uptake increases w ith the 

amount of cadmium contaminati on. 
• Temperature affects the rate of uptake. 

The Greening of the 
American Oyster 

Oysters aren' t supposed to turn green. 
When they do, it usuall y mea ns they have 
been growing in copper-sa turated wate r. 
Although the Chesapeake does not yet have 
gree n oysters in the numbers reported 
elsewhere, it does have increas ing counts of 
copper, chitin and pesti cides. Microbiol ogists 
Ri chard Smucker and Joseph Cooney are 
tracing out one of the ways in w hich those 
three elements ca n ca use the gree ning of 
oysters. 

Chitin is in the estuary beca use crabs are 
in the estuary. Chitin form s part of the outer 
skeleton for crabs and fo r some spec ies of 
marin e zooplankton. When these anim als 
shed their shells or die, ce rtain mi cro­
orga ni sms brea k down their ske leton s and 
recycle the chiti n into ca rbon and nitrogen 
that are importa nt to the natural energy 
fl ows of the Bay. 

Copper is in the estuary because it lea ks 
in from heavy indu stry and urban run-offs; 
pesti cides a re there beca use they wash off 
farml and s. When other resea rchers bega n 



reporting that some of the new pesti cides 
ca n kill off chi tin-degrading microorgan isms, 
Smucker and Cooney rea li zed that wou ld 
leave a lot of free-floating chitin fibers . They 
also rea li zed all that chitin cou ld be hook ing 
up with copper, mak ing it easier for that 
metal to penetrate oyster fl esh. 

To test their hypothes is, they kept one 
set of oysters in water laced w ith copper and 
chitin and compa red them w ith a second set 
placed in water sp iked on ly w ith copper. 
They fou nd that oysters reta in much more 
chitin-bound copper than unbound copper. 

Their find ings are preliminary, but sug­
gest ive. Further evidence could come from 
test ing oysters over longer periods at lower 
copper leve ls si milar to those found in some 
areas of the estuary. The goa l of their 
resea rch is to develop data needed fer deter­
mining permiss ible leve ls for pesti c ides and 
heavy metal s in estuarine wate rs. 

Baygrass Studies 

One of the most clisturbing trends of recent 
years has been the ongoing decline of under­
water grasses around the Chesapeake Bay. 
Since these rooted aq uati c plants help 

stab ili ze sed iment, reduce turbidity and pro­
vide food and shelter for many wa terfow l, 
finfi sh and shellfi sh, the current di e-off could 
be damaging the ecosystem in several subtle 
and importani ways. Sc ienti sts from a va ri ety 
of instituti ons are studying poss ible causes 
such as increases in turbidity, nutri ents and 
herbicides. Two Sea Grant projects are in­
vesti ga ting the possibl e effects of atraz ine, a 
powerful herbi cide w idely used by farmers 
to reduce weeds . 

Roy Sjob lad is exa mining the ways in 
wh ich atraz ine interacts w ith sed im ents, 
suspended parti cles and mi croo rga ni sms in 
the Bay. Working w ith new techniques fo r 
detecting the transformat ion of at raz ine, he 
is documenting the ways in wh ich atraz ine 
might be degrading or alterin g to less harm­
ful form s. 

Mari lyn Speed ie is looking at the ways in 
w hi ch atraz ine interacts w ith fungi, at the 
by-products of that interac tion and at the ef­
fects of atraz ine on the ce ll ulo lytic activity of 
fungi , microorgan isms w hich play a key ro le 
in the detrital food chain and in the nutrition 
of filter-feed ing shell fish . 

These projects w ill accu mul ate hard data 
helpful in determining just how harmful o r 
harml ess these agri cultural herbi cides are. 
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Cholera Studies 

The outbreak of cholera in Lou isiana several 
yea rs ago has emphasized the im portance of 
develop ing a better basic understanding of 
the preva lence of thi s naturall y occurring 
organi sm in those estuari es and coastal 
waters that are heavil y harvested for 
shell fish. As part of an ongoing, three-yea r 
nationa l stud y of cho lera orga ni sms in 
Maryland , Louisiana and O regon-major 

shellfi sh-producing states-Rita Colwell 
w ill be deve loping basic information on the 
preva lence of Vibrio cholera and Vibrio 
parahaemolyticus in the Chesapea ke Bay. 
O ne goa l of the project is a better under­
standing of how these vibrios multipl y in raw 
or processed shellfi sh; another is develop ing 
a Vibrio Index that could be used for deter­
mining the public hea lth sa fety of shell fish. 

The Ecology of 
Bdellovibrio bacteriovorus 
The predatory nature of the microb ial 
pa ras ite Bdellovibrio bacteriovorus arou sed 
the curiosity of W illiam Falkle r and Henry 
W illiams w hen they observed that the most­
favo red prey of the littl e-understood 
Bdellovibrio were gram-negat ive bacteria, the 
kind of pathogen ic feca l o rga nisms responsi­
ble for infect ing peop le who eat crabs and 
oysters taken from the Bay. 

Fa lkler and W illiams tho ught thi s 
predatory relati onship impo rtant . 
Bdellovibrio could be acting as an eco logica l 
purifi er, naturall y con trol ling the popu lati o n 
of pathogeni c organ isms. By determinin g the 
numbers and loca ti on of the Bdellovibrio, 
they mi ght be ab le to come up w ith a guide 
to the extent and toxicity of the bi o logical 
po ll ut ion w hi ch is becoming more and more 
preva lent in the Bay . 

They sa mpled the wate r at eleven Bay 
sites, from To lchester Beach to Cape Henry. 
They fo und, for exampl e: 

• The greatest number of Bdellovibrios 
occur in the middle and lower regio ns 
of the Bay; the fewest in the nort h 
w here sa linity is less than one percent. 
The York and Rappahannock ri ve rs 
ho ld the highest concentrati ons. 

• The num be r of Bc/e//ovibrios is one to 
three thousa nd tim es greater on oyster 
shell s than in the wa ter. Most of the 
scant research on these bacteria had 
focused on the ir presence in the water. 
These fi ndings suggest thJt Bdello­
vibrins are find ing th eir p;:i th ogeni c 
prey not in the wa ter but along the 
bottom. 



Special Projects 

The ab il ity to respond quickl y to prob lems 
and opportuniti es is one of the grea t 
strengths of a program such as Maryland Sea 
Grant . In recent yea rs, the program has pa r­
ti cipa ted in a va ri ety of spec ial pro jects in­
cluding: 

• suppo rtin g in cooperati o n w ith the 
M aryland Departm ent of Natural 
Resou rces an annual Spat Set Crui se 
that su rveys oyster rep roducti on on 
natural oyster bars around the 
Maryland portion of the Chesapeake; 

• starting resea rch to test the eco nom ic 
and technica l feas ibility of composting 
blue crab process ing wastes; 

• improving the capabili ti es of the 
Seafood Tec hno logy Labo ratory of the 
Unive rsity of Mary land Center for En­
viron mental and Estuarin e Studi es, a 

necessa ry step towa rd s addressi g the 
spec ial needs of th e state's sea f od 
processors; 

• pu rchasing a w;i ter-quality auto­
analyzer th ;i t is currentl y being used 
fo r studi es on nutrient loading im the 
Chesape;ike and its major tribut ri es; 

• funding J prelimin ary stud y of t~e 
prob lems of spawning rockfi sh in 
hatcheri es; 

• providing parti al support fo r res arch 
that id entifi ed th e virus responsi le for 
many menh aden fi sh kill s; 

• developi ng three educati onal 
workbooks on estuarin e top ics f© r use 
in the state's public sc hool systef in 
cooperat ion w ith the Univers ity () f 
Maryland Sc ience Teac hing Centler and 
orga ni zing marin e sc ience workshops 
for sc ience teachers in the state; and 

• supporting and deve loping a spec ial 
graduate- leve l course in microbial 
eco logy. 
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What Do the People Think? 
What do citi zens of Maryland th ink about 
po llution in the Chesa peake Bay? About the 
possibilities of more nuclear power plants? 
About the problems of wa termen and sea ­
food processors? About the future of the 
estuary? What do the Bay's many en­
vironmenta l·, professiona l and spec ial-interest 
groups have to say about th ese issues? 

These are the kinds of questi ons address­
ed hy Pat Florest;ino and Patri cia Rathbun . 
w ho studied the re lat ionship between 



resource use rs Jnd the interest groups that 
represent them. Since interest groups form 
Jn import ant port of the Ameri ca n 
democra ti c process, the researchers used 
severJI methods to determin e exc1c tl y w ho 
th ese groups c1 re, how they react to spec ific 
issues c1 nd w hat genera l att itudes they have. 

Afte r identify ing three kinds of interest 
groups-environmental, recreational and 
occupationa l- they found a fa ir consistency 
between interest-group pos it ions on major 
issues and the op inions of the public. 

Of the twelve issues addressed on ly 
three sparked significant differences of 
opin ion: 

• O n land use control , the citi zens felt 
more strongly that a landowner should 
determin e the use of private lands. 

• O n government regu lation of water­
front construction , a fu ll three-q uarters 
of the groups supported governm ent 
regulation , w hil e on ly two-third s of the 
citi zens agreed. 

• On oil spi ll s, again , three-quarters of 
the interest groups demonstrJted a 
conservJ tioni st approach, sc1ying that 
they did not feel that the publi c over­
reacted to oil spi ll s. Slightl y fewer 
citi zens-two-thirds-shc1red thi s belief. 

O n nine major issues, spec iJI interest 
groups dnd the generJI citi zenry respo nded 
with whc1 t was essential ly one vo ice. For ex­
,11nple, the interest groups Jnd th e indi vidual 
citi zens hoth agreed thJt the stJte shou ld 
protect Jnd give preferenti;il treJtment to the 
sea food industry: two-thirds of ec1ch group 
supported the idea . Likewise, neither citi zens 
nor interest groups thought thJt governm ent 
regulJti ons shou ld limit recrec1 tion c1 I boating. 
The speci;il interest groups ,ind the citi zens 
;igrt'ed, too , that they did not wa nt to see 
;i ny more nucleJ r power in the B;iy. 

There are three important conclusions 
w hich ca n be drawn from thi s study: 

• Interest group po licies are genera ll y in 
harmony w ith citi zens' views . 

• Very few citi ze n use rs of the 
Chesapeake are Jware of th e Jctiviti es 
of, o r even the ex istence of, Bc1 y in ­
terest groups. 

• Many interest groups ex ist on low 
budgets ;i nd c1 re quite sniall , composed 
of on ly a few peopl e who designed J 

letterh ec1d . 
How do cit izens fee l about the Bay's 

future? Accord ing to thi s stud y, they are 
mildl y optimistic. Forty-three percent sa id 
that the Bay w ill improve wi thin the next fi ve 
years, 34 percent sa id th at it w ill worsen, 22 
percent that it w ill remain pretty much the 
sam e. 

At the top of the li st of concerns: po llu­
tion. Some 69 percent of the citizens named 
po ll ut ion as the most important issue, and an 
overwhelm ing 96 percent thought that those 
convicted of dumping toxin s into the Bay 
should be held lega lly and financially re­
sponsible. Further, 94 percent of the re­
sponden ts wanted a comm ission establi shed 
to keep track of all th e substances that get 
dumped into the estuary. 
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A long road leads from university 
laboratori es and classrooms to the docks that 
line the shores of the Chesapeake Bay. 
Down that road travel the marine advisory 
agents and spec ial ists, equ ipped with facts 
and figures given them by researchers and 
ex pert s and we ll awa re of th e hard-earned 
perceptions wa term en have of their environ ­
ment . Important middl emen, these agents 
and speciali sts ta ke w ith them a broad sense 
of prob lems and so lu tions as they go . To 
those w ho work the Bay, they bring new 
techniques in harvestin g, process ing and 
business management. To the resea rchers 
they bri ng accurate descriptions of on-the­
wate r difficulties, sharing the basic 
knowledge they lea rn from those who live 
and labor on the Bay. 

To tackle a w ide range of prob lems, th e 
M arin e Adv isory Program , under the ad­
ministrat ion of the Unive rsity of Maryland 
Cooperati ve Extension Service, has set up 
several areas of concentration , with Dr. Tony 
M azzacca ro as coordinator: marine 
economics, marine engineering and 
technology, marine sa fety and surviva l, 
marine recrea ti on and seafood technology . 

Here are some spec ific concerns and 
functions of the va rious program areas: 

• A marine economi st, working in con­
junct ion w ith ot her agents and other 
spec iali sts, stages semin ars focused on 
aid ing the marine commun ity­
espec iall y commercial fishermen and 
marin a operators - helping them dea l 
w ith such issues as small business 
management, income taxes, retirement 
and insu rance. Publi cat ions-in the 
form of easy-to-read Fact Sheets-he lp 
commu nicate thi s informat ion to a 
w ide target aud ience . Some topics 
have been: Applying for a Fishing Loa n , 
How Watermen Can Minimize Busin ess 
Risks, ;rnd Leasing: A n A lt ern ative to 
Bu11ing. 

• A marin e engineer, workin g w ith c1 

marin e tec hno logy spec iali st and other 
ex perts in the fi eld , organizes 
workshops for wat erm en ;rnd boat 



owners on such topi cs as marin e 
hydraulics, marin e electri ca l systems, 
marin e maintenance and repa ir, 
naviga ti onal systems and corrosion. 
Publi cat ions such as H ydraulics in 
Commercial Fishing and Workboa l DC 
Elec trical Systems make thi s in form ati on 
readil y ava ilab le to a range of readers, 
as do technica l arti cles wr itten for 
w idely circulated periodi ca ls like 
Na tional Fisherm an. 

• In marine safety and surviva l, the 
marin e adviso ry agent cooperates w ith 
the spec ialists to determin e the nature 
and extent of dangers w hi ch threaten 
those w ho work Maryland waters , 
espec iall y the Chesapea ke Bay. In for­
mati on goes out to those w ho ca n 
benefit from it , informat ion about 
hypothermi a and drowning, abo ut sur­
viva l gea r and sa fe boating practi ces . 

• M arin e recrea tion - a growing concern 
and a booming industry in M aryland ­
rece ives emphasis in publi ca ti ons like 
the Advisory Program' s new marin e 
leafl et se ri es . These lea fl ets cover such 
basic co ncern s as li ghtning protection 
systems and the navigat ion of busy 
shipping channels. Workshops for 
marin a owners help focus on the needs 
of those w ho prov ide se rvices for the 
marine community, defining probl ems 
boaters face in the Bay . 

• In th e area of sea food techno logy, 
spec iali sts and agents work on out­
lin ing prob lems faced by the Maryland 
seafood industry, those who process 
the oysters, clams, crabs and finfish we 
ea t. A seafood technology spec iali st 
cooperates w ith the marin e engineer to 
so lve diffi culti es processo rs have in 
meet ing fede ral guidelines for plan t 
efflu ents. They al so investi ga te new 
and more effi cient mea ns of processing 
and preparin g sea food on a commer­
cial sca le. A conference held w ith th e 
state of Virginia in 1980, for exa mple, 
helped focu s on th e prob lem of hand­
ling large vo lumes of crab waste. 

• To keep abreast of developm ents in 
th e seafood indu stry, the adv isory 
agent orga ni zes an annua l Oyster 
Culture Conference, w here resea rchers 
join manage rs and wate rm en to di scuss 
the probl ems and potentials of 
aq uaculture in Maryland. The pros­
pects of co m117 ercial aquaculture 
become increas ingly important as 
natural oyster popul at ions dwindl e. 

• Anoth er annual event coordin ated by 
the advisory age nt , in co njunction w ith 
the uni ve rsity and the state Depart ­
ment of Natural Resources, is the Sp.i t 
Survey Crui se , an exa minati on of the 
new growth of oysters on Maryland 
oyster bars. Thi s cru ise all ows sc ienti sts 
and oysterm en, managers and en­
vironm entali sts to share in th e dredging 
and survey ing of oysters, putting 
peop le directl y in to uch w ith th e pro­
blems fa cing th is fishery. 

• As pc1rt of it s outreac h fun cti on, the ad­
visory se rv ice produces newspaper Jr­
ticl es and radio spots thro ugh a se ri es 
entitled the Bay/Shore Report. Th ese 
trea tm ent s, along w ith arti cles pl.iced 
in releva nt periodi ca ls, reach a large 
,llldience w ith inform ati on about 
boa tin g, seafood and sc ience . 

Th rough workshops, pub lica tions and 
face-to-face v isits, th e Marin e Advisory Pro­
gram- the age nts and the spec iali sts- con­
tinue to link the un ive rsity co mmunity w ith 
the dail y users of the state's marin e and 
estu arin e resources . It is a vital connection. 
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Education 
Educat ion takes many forms . From graduate 
study in the environmental sc iences to 
public sc hool curricula to how-to pamphlets 
for boa ters, Maryland Sea Grant helps to 
generate invo lvement and interest, foun ­
da ti ons for lea rnin g. 

On the co ll ege leve l, fellowsh ips en­
courage students to pu rsue careers in the 
marine sciences. Three Sea Grant fe llowships 
chan nel funds from NOAA to under­
grad uates enro ll ed in the Environmental 
Sc iences Program at the Univers ity of 
Ma ryland Eastern Shore. Three graduate 
fe llowships go to degree-seeking students in 
the marine, estuarine and environmenta l 
sc iences at parti cipat ing campuses of the 
uni vers ity. G raduate students construct 
sched ul es tailo red to their spec ial needs, 
either on the master's or doctoral leve l, 
d rawing from fields like marin e and estuarine 
eco logy, environmental microbio logy, en­
vironmen tal biology, and fisheries and 
w ildl ife management. 

Mary land Sea Grant also offers 
trai neeships for stud ents workin g towa rd 
graduate degrees, allowing th em to acq uire 
practica l wo rk expe ri ence as they tea m up 
with researchers invo lved in Sea Grant 
projects . Robert Bu rke, for exa mple, aided 
Dr. Dale Bonar in resea rch on oyster larvae, 
as he studied the effects of environment and 
crowdi ng on oyster grow th and metJ­
morphosis. And Hugh Reichardt , Jnother 
grc1dua te stude nt rece iving training fu nds, 
worked w ith Dr. Marjorie Rea ka in her 
researc h on the blue cra b. Among other 
things, Reichardt has co ll ected data on 
growth rates, trying to determin e w hy the 
Ch incoteague crab matures at a smaller size 
than the Chesapea ke crab, and w hether cra b 
molting co rresponds in some way to lunar 
phases. These stud ies give trainees an oppor­
tunity to make spec ific contributi ons to our 
knowledge of commercia ll y important 
species and to build va luable work ex­
periences. 

A Sea Grant soc ial sc ience proj ect 
directed by Robert Bi sh and Pat Florestano 
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generated curri cula w hich too k an inter­
disc ipl inary approach to Bay prob lems. Here 
students parti cipated in simu lated problem­
so lving processes, di scoverin g how manage­
ment cho ices evo lve. 

The Bay provides a foc us fo r Sea G rant 's 
public educati on effo rts as we ll . Or. Ken 
Stibolt of Anne Arund el Community Co llege 
has prov ided work shop experi ences for 
sc ience teac hers interested in Bay- related 
curr icu la. Teachers, after ex peri ences aboa rd 
the 26-foot, di ese l-powe red rese;:irch vesse l 
and in the co llege's labor;:i to ri es, returned to 
the class roo m we ll 111 ot ivc1ted c1nd we ll 
equipped to teac h stud ents about the com­
plex iti es o f the Bay . 

Interest in marin e ed uca ti on contin ues to 
bui ld in Ma ryland. W illi am Talbott directs an 
in-service trJin ing program fo r tec1chers in 
the Ba ltim ore area, and Or . Robert Paul of 
St. M ary's Co ll ege has put togeth er a work­
study progrJm fo r high schoo l and 
undergraduate students. Th e Sea Grant Pro­
gram tea med up w ith the un ive rsit y's 

Sc ience Teaching Ce nter to prod uce three 
ma:· ine sc ience mini -uni ts : The American 
Oyster, Food Webs in an Estuary, and Tides 
and Ma rshes. Sea Grant and the Teac hing 
Center sponsored a wo rk shop int rod ucing 
these materi als and sharin g their knowledge 
abo ut marin e educati on opportun it ies th at 
ex ist in the Bay area. The emphasis: using 
the Chesapea ke as a too l fo r teac hing 
students the rudim ents of biol ogy, physics 
and chemi stry, as we ll as soc ial dynamics 
and economics . At the sa me tim e, these 
educa ti on pro jects aim at in cre;i sing a 
general awa reness and apprec iation of the 
Chesa pea ke as th e nation 's largest estuary. 

Educa tion at Sea Grant takes p lace on 
the professorial leve l as we ll. As part of an 
in fo rm ation exc hange program, several 
uni ve rsity resea rch ers trave led to Fra nce to 
visit fac iliti es at the Un ive rsity of M arse ill es 
during November of 1978. M icrob iologist 
Joseph Cooney, viro logist Frank Hetrick and 
benthic eco logist Victo r Kennedy spent two 
wee ks meeting w ith French sc ienti sts in ­
vo lved in such areas as marin e mi crob io logy; 
fi sh, cla m, and shrim p aqu aculture; viro logy 

·;i ncl fi sh d isease; and marine eco logy. The 
three Sea Grant investi ga to rs shared progress 
they have made in their own fi elds: Het ri ck, 
fo r exa mpl e, presented a seminar on the 
culti vat ion of oyster ce ll s in vi tro ,i nd on the 
effects of heavy metals on viral d isease in 
trout. Ti es w ith French resea rchers have re­
mained strong, espec iall y in the field of 
aquaculture. Dr. John Ad;:i ms visited French 
fac iliti es in December of 1979 to exa mine 
eco nomi c issues invo lved rn tra nsferrin g 
French aquac ult ure tec hniques to Afri ca, c1 nd 
Or. Sheldon Sommer and Or. Steven Rebac h 
journeyed to France in Ma rch of 1980 to 
co ntinue the investi gc1 ti on into French 
aqu ac ultu re techno logy . 

Th e exchc1n ge program , the tec1c her 
wo rk shops, the curriculu m m c1 teri als and 
interdi sc ip lin ary co urses, ;i ll th ese represent 
one o f Sea Grant's prim e ob jecti ves: 
educa ting the popu lace about the worlci 's 
waters, spread ing the knowledge of a few in­
to the minds of many. 
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Research Publications 
and Papers 

Fisheries Resources and Management 

CHAMBERS,. R. A., AND I. E. STRAND. 1980. 
Resource stocks and supply estimation, an 
alternative approach. Presented at the Annual 
Meeting of the Agricultural Economics 
Association. July 1980. 

FLORESTANO, P. 1980. Interest group policies and 
citizen preferences: the case of the Chesapeake 
Bay. Presented at the Annual Meeting of the 
American Political Science Association 
Washington, D.C. August, 1980. ' 

FLORESTANO, P. 1981. Exploring intergovernmental 
relations in natural resources policy making: a 
view from the local level. South Atlantic Ur­
ban Studies Journal, April, 1981. In press. 

HETRICK, F. M. 1979. Report of a workshop on the 
cultivation of molluscan cells in vitro. Tissue 
Culture Association. Report 13, 19-13. 

HussoNG, D., R. R. COLWELL, AND R. M. WEINER. 
1980. Seasonal concentration of coliform 
bacteria by Crassostrea virginica, the Eastern 
oyster in Chesapeake Bay. Journal of Food 
Protection. In press. UM-SG-RS-80-09. 

KENNEDY, V. S. 1980. Comparison of recent and 
past patterns of oyster settlement and seasonal 
fouling in Broad Creek and Tred Avon River 
Maryland. Proceedings of the National ' 
Shellfish Association. In press. UM-SG­
RS-80-05. 

LEWIS, T. B., AND I. E. STRAND, JR. 1979. Resi­
dency laws for oystering: the legal and 
economic consequences of Douglas v. 
Seacoast Products, Inc. The Maryland Law 
Review 38: 1-36. UM-SG-RS-79-01. 

L1rscHULTZ, F., AND G. E. KRANTZ. 1977. An 
analysis of oyster hatchery production of 
cultched and cultchless oysters utilizing linear 
programming optimization techniques. Pro­
ceedings of the National Shellfish Association. 
66. 

NORTON, V. 1979. Fisheries conservation and 
management problems. Presented at the Izaak 
Walton League of America, Inc. Washington, 
D.C. May 2-3, 1979. 

NoRTON, V. 1979. National and international 
fisheries management issues. Presented at the 
U.S. Department of State Foreign Service In­
stitute, Washington, D.C. October 26, 1979. 

NoRTON, V. 1979. Research issues in natural 
resource economics-a reply. Presented at the 
Annual Meeting of the Northeast Agricultural 
Economics Council, Newark, Delaware. June, 
1979. 

NoRTON, V. 1979. Valuing nonmarket goods: con­
ceptual and empirical issues. American Jour­
nal of Agricultural Economics. 61:915-933. 

NORTON, V. 1980. Common property resources, an 
economic approach for management. 
Presented at the U.S. Department of State, 
Foreign Service Institute, Washington, D.C. 
October 10, 1980. 

NORTON, V. 1980. Economic considerations in 
state, federal and institutional management 
issues. Presented at the U.S. Department of 
State, U.S. Agency for International Develop­
ment, Washington, D.C. May, 1980. 

NoRTON, V. 1980. Fisheries management under the 
Fisheries Management and Control Act. 
Presented at the Fisheries Conservation 
Management Association Workshop, Annual 
National Fisheries Institute Conference, 
Washington, D.C. April, 1980. 

NoRTON, V., AND I. STRAND. 1980. Economic con­
siderations in state and interstate fishery 
management. In State and Interstate Fishing 
Jurisidictions: Problems and Progress. Pro­
ceedings of the governors Conference on State 
and Interstate Fishery Management, Raleigh, 
North Carolina. October, 1979. 

NORTON, V., I. STRAND, AND J. ADRIANCE. 1980. 
Striped bass resource management: economic 
and social issues. In H. Clepper, ed., Marine 
Fisheries, Vol. 4. Sport Fishing Institute, 
Washington, D.C. 

RATHBUN, P. A., AND G. LINDNER. 1980. 
Energy needs versus environmental values: 
balancing of competing interests. Presented at 
the Annual Meeting of the American 
Sociological Association, New York, N. Y. 
August, 1980. 

SELIGER, H. H., R. B. RIVKIN, J. BOGGS, w. H. 
B1GGLEY, AND K. R. H. AsrDEN. 1980. Com­
parison of water circulation patterns in four 
tributaries of the Chesapeake Bay: possible 
relevance to good and poor oyster spat settle­
ment. Presented at the Annual Meeting of the 
American Society for Limnology and 
Oceanography, Knoxville, Tennessee. June, 
1980. 



STEPHENS, E. B. 1979. Preparation of primary cell 
cultures and organotype cultures from the 
American oyster, Crassostrea virginica. In 
Vitro 15:198-199 (Abst.). 

STEPHENS, E. B., AND F. M. HETRICK. 1979. Decon­
tamination of oyster tissues for use in cell and 
organ culture. Toxic Substances Control Act 
Manual, Procedure 41265, 5. 

STEPHENS, E. B., AND F. M. HETRICK. 1979. 
Establishment of cell lines from tissues of the 
Atlantic menhaden. In Vitro 15:216 (Abst.). 

STRAND, I., AND V. NoRTON. 1980. Some advan­
tages of landings taxes in fishery management. 
Presented at the Technical Consultation on 
Allocation of Fishery Resources, Vichy, 
France. April, 1980. 

STRAND, I., E. YANG, AND V. NoRTON. 1979. Some 
conceptual issues in the application of the 
hedonic approach to measuring natural 
resource values. Presented at the Annual 
Meeting of the Northeast Agricultural 
Economics Council, Newark, Delaware. June, 
1979. 

SuLKIN, S. D., I. PHILLIPS, AND W. VAN HrnKELEM. 
1979. On the locomotory rhythm of 
brachyuran crab larvae and its significance on 
vertical migration. Marine Ecology-Progress 
Series. 1:331-335. UM-SG-RS-80-03. 

SuLKIN, S. D., AND W. VAN HrnKELEM. 1980. 
Ecological and evolutionary significance of 
nutritional flexibility and planktotrophic lar­
vae of the deep-sea red crab Geryon quin­
quedens and the stone crab Menippe 
mercenaria. Marine Ecology-Progress Series. 
2:91-95. UM-SG-RS-80-04. 

SuLKIN, S. D., W. VANHEUKELEM, P. KELLY, AND 
L. VAN HrnKELEM. 1980. The behavioral basis 
of larval recruitment in the crab Callinectes 
sapidus Rathbun: a laboratory investigation of 
ontogenetic changes in geotaxis and 
barokinesis. Biological bulletin. In press. UM­
SG-RS-80-05. 

TESHIMA, S.-1., AND G. w. PATTERSON. 1980.l:,.5,7 
sterols of the oyster, Crassostrea virginica. 
Comparative Biochemical Physiology. In 
press. UM-SG-RS-80-10. 

ULANOWICZ, R. E. 1978. Improved prediction of 
oyster harvest possible. Comercial Fishery 
News. 11(3):1, 4. Ref. No. 78-13CBL. 

ULANow1cz, R. E., Mo. L. ALI, W. A. R1cHKUS. 
1980. Assessing harvests of pelagic and in­
vertebrate fisheries of northern Chesapeake 
Bay in terms of environmental variations. 
Presented at the 68th Statutory Meeting of the 
International Council on the Exploration of 
the Seas, Copenhagen, Denmark. October, 
1980. 

ULANOWICZ, R. E., w. C. CAPLINS, AND E. A. 
DUNNINGTON. 1980. The forecasting of oyster 
harvests in central Chesapeake Bay. Estuarine 
and Coastal Marine Science. 11:101-106. UM­
SG-RS-80-01. 

Water Quality and Pollution 

BRINCKMAN, F. E., AND J. M. BELLAMA, EDS. 1978. 
Organometals and organometalloids; occur­
rence and fate in the environment. ACS Sym­
posium Series 82. American Chemical Society, 
Washington, D.C. 447 pp. 

COLWELL, R. R. 1977. Vibrio species as bacterial 
indicators of potential health hazards 
associated with water. In Bacterial Indicators 
of Potential Health Hazards Associated with 
Water. Proceedings of the American Society 
of Testing Materials Symposium, Chicago, 
Ill., pp. 115-123. Special Technical Publication 
635. American Society of Testing Materials, 
Philadelphia. 

CoLWELL, R. R. 1978. Major concerns about use of 
the estuary: public health risks. In The 
Potomac Estuary: A Potential Water Supply. 
Proceedings of the 1977 Fall Public Meeting, 
Interstate Commission on the Potomac River 
Basin, Bethesda, Md. ICPRB General Pub!. 
No. 78-1, pp. 15-18. 

COLWELL, R. R., AND J. KAPER. 1978. Distribution, 
survival and significance of pathogenic 
bacteria and viruses in estuaries. In Pro­
ceedings of the Fourth Biennial International 
Estuary Resources Conference, Mount 
Pocono, Pa., pp. 443-457. 

CoLWELL, R. R., J. KAPER, ANDS. W. JosEPH. 
1977. Vibrio cholera, Vibrio parahaemolyticus 
and other Vibrios: occurrence and distribution 
in the Chesapeake Bay. Science 198:394-396. 

COLWELL, R. R., AND J. D. WALKER. 1977. 
Ecological aspects of microbial degradation of 
petroleum in the marine environment. Critical 
Review of Microbiology 5:423-445. 
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HUSSONG, D., R. R. COLWELL, AND R. M. WEINER. 
1980. Rate of occurrence of false-positive 
results from total coliform MPN analysis of 
shellfish and estuaries. Applied and En­
vironmental Microbiology. In press. UM-SG­
RS-80-08. 

HussoNG, D., J. M. DAMARE, R. M. WEINER, AND 
R. R. CoLWELL. 1980. Bacteria associated with 
false-positive most probable number coliform 
test results for shellfish and estuaries. Applied 
and Environmental Microbiology. In press. 
UM-SG-RS-80-07. 

WEINER, R. M., D. HUSSONG, AND R. R. COLWELL. 
1980. An estuarine agar medium for enumera­
tion of aerobic heterotrophic bacteria 
associated with water, sediment and shellfish. 
Canadian Journal of Microbiology. In press. 
UM-SG-RS-80-06. 

Technical Reports 

Fisheries Resources and Management 
GILLESPIE, J., AND F. HETRICK. 1979. Molluscan 

cell culture: a workshop report. Maryland Sea 
Grant Technical Report. UM-SG-TS-79 .. 01. 

KRANTZ, G. E. 1980. Reproductive success of 
Choptank River, Maryland, striped bass in a 
hatchery situation. Maryland Sea Grant 
Research Notes. UM-SG-TS-80-09. 

KRANTZ, G. E., AND D. w. WEBSTER. 1979. 
Maryland oyster spat survey, fall 1979. 
Maryland Sea Grant Technical Report. UM­
SG-TS-80-01. 

KRANTZ, G. E., AND H. E. DAVIS. 1980. 
Biological efficiency of off-bottom collection 
devices placed on oyster seed areas in 
Maryland. Maryland Sea Grant Research 
Notes. UM-SG-TS-80-07. 

Social Science/Law 
FLORESTANO, P. S., AND P. A. RATHBUN. 

1980. Attitudes of special interest groups and 
the general public on Chesapeake Bay issues. 
Maryland Sea Grant Technical Report. UM­
SG-TS-80-04. 

GILBERT, J. 1979. A Chesapeake Bay biblio­
graphy: materials on resource use, law and 
management. Maryland Sea Grant Technical 
Report. UM-SG-TS-79-02. 

PowER, G., K. EDGECOMB, AND W. BELLOWS. 1980. 
A legal, political and economic assessment of 
a fifty-foot channel for the port of Baltimore. 
Maryland Sea Grant Technical Report. In 
press. UM-SG-TS-80-10. 

Water Quality and Pollution 
DEVOE, H., AND M. VoLL. 1978. Polycyclic 

aromatic hydrocarbons in Chesapeake Bay: a 
system for monitoring levels in water, 
sediments, and shellfish and for estimating 
potential hazards. Maryland Sea Grant 
Technical Report. UM-SG-TS-80-05. 

FALKLER, w. A., AND H. N. WILLIAMS. 1980. 
Study of the ecology of Bdellovibrio 
bacteriovorus in the Chesapeake Bay and its 
sub-estuaries. Maryland Sea Grant Technical 
Report. UM-SG-TS-80-08. 

LOMAX, N., AND F. HETRICK. 1979. Monitoring 
Chesapeake Bay shellfish for human 
enteroviruses. Maryland Sea Grant Technical 
Report. UM-SG-TS-79-03. 

Education Publications 

THE AMERICAN OYSTER IN THE CHESAPEAKE BAY. 
1979. A marine education workbook. Science 
Teaching Center, University of Maryland. 
College Park. Maryland Sea Grant Education 
Series. UM-SG-ES-80-03. 

FooD Wms IN AN ESTUARY. 1979. A marine 
education workbook. Science Teaching 
Center, University of Maryland, College Park. 
Maryland Sea Grant Education Series. UM­
SG-ES-80-02. 

SnBotT, K. 1979. Study guide for marine science 
education workshop. 3rd Edition. Maryland 
Sea Grant Education Series. UM-SG­
ME-80-01. 

TIDES AND MARSHES. 1979. A marine education 
workbook. Science Teaching Center, Universi­
ty of Maryland, College Park. Maryland Sea 
Grant Education Series. UM-SG-ES-80-01. 



Special Publications 

AHEARN, H., AND J. GREER, EDS. 1980. Making 
a nd breaking Sea Grant news . Proceedings of 
the Annual Conference of Sea Grant Com­
municators, Washington, D.C. Apri l, 1979. 
UM-SG-TS-80-02. 

BRE ISCH, L.L. , AN D V. S . KENNEDY. 1980. A 
se lected bibliograp hy of worldwide oyster 
litera ture. UM-SG-TS-80-11 . 

CmwELL, R. R. , AN D J. FosnR, EDS. 1980. 
Aquatic microbial eco logy . Proceedings o f the 
ASM Conference , Clearwate r Beach , Flo rida. 
7-10 February, 1979 . UM-SG-TS-80-03. 

WEBSTER, D. , ED. 1980. Oys ter cultu re in 
Ma ry la nd '79. Proceed in gs o f the Annual 
Oyster Culture Conference, Annapolis, 
Maryla nd. Ja nua ry, 1979 . UM-SG-AS-80-01. 

Public Communications 
MARYLAND SEA GRANT. A nnua l repor t, 1977. 

MARY LA ND SEA GRANT. A bimo n thly newsle tter 
reporting o n the act ivities of the Mary la nd 
Sea Grant Program and o n issues and events 
affecting the Chesapeake Bay a nd the state's 
coasta l wa ters. 1978 to present. 

SEA GRANT FELLOWSHIPS : two pamphlet/pos ters 
fo r the Marine , Estuarine and Environmenta l 
Studies P rogra m and th e Environmental 
Sc iences Progra m o f th e University of 
Maryland Eastern Sho re . 

Marine Advisory Publications 
These publications are avai lable from the 
Mary land Marine Adviso ry Program, 
Symons Ha ll , College Park , Maryland 20742. 

Marine Leaflets 
Keep Clear: Big Ships in the Bay. ML137. 
Ligh tning: Grounding Your Boat. ML138. 
The Mary land Marine Advisory Program . ML139 . 

Fact Sheets 
Applying for a Fishing Loan. NoRMAN K . BENDER. 
FS 225. 
Budgeting in a Marine Business. NoRMAN K. 
BENDER a nd B1LLY V. LESSLEY. FS224 . 

Developing a Watennen 's Credit Union. NO RMAN 
K. BENDER FS 224 . 
Finan cia l A ss istance for Watermen. NORMAN K . 
BENDER . Revised by D AV ID SwARTZ, 1.980. FS 222. 
Fishery Cooperatives . NoRMAN K. BEN DER a nd 
ROBERT BEITER . FS 301. 
How Watermen Can Minimize Business Risks. 
DAVID SWARTZ . FS 301. 
Leasing: An A lternative to Buy ing. DAVID SWARTZ. 
FS 301. 
Retirem ent Plans: Preparing for the Future. 
NORMAN K. BENDER. FS 227. 
Seafood Process ing and the Clean Water A ct. 
RUSSEL L BRINSFIELD. FS 308. 
Tax Law Changes Affect Fishing Industry. NoR­
MAN K. BENDER. FS 226. 

Bulletins 

Hydraulics in Com mercial Fishing. Bu lle tin 257. 
Waste Treatment in Seafood Processing. Bulle tin 
264. 
Th e Waterman 's Record Book. Bulletin MEP 305. 
The Waterman 's Recordkeeping Manual . Bullet in 
MEP 304. 
W o rkboat DC Electrical System s: Design, In stalla­
tion and Repair. Bulletin 259. 

Reprints 

Loran C Systems. RooERT L. KocHER. MR 2. 
Marin e Diesel Engines. ROBERT L. KocHER . M R l. 

Public Media Communications 

Bay/ Shore Reports. ]ACK GREER. Vol. 1 , Nos. 
1 - 16 . 
Waterman 's Reports. DouGLAS E. RITCHI E, JR. 
Vo ls. 1 a nd 2. 
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Budget Summary 
Expenditures By Activity 1978 * 

NOAA Grant Matching 
Funds Funds 

Marine Aquaculture: 
Resources Aquaculture - Molluscs 14,250 22,400 

Development Living Resources other than Aquaculture: 
Commercial Fisheries - Biology 95,065 39,950 
Pathology of Marine Organisms 86,395 10,250 

Marine Law and Socio- Economics 
Federal Regulation of the Seafood Industry 32,200 -0-

Marine Ecosystems Research: 
Environmental Ecosystems Research 6,080 4,550 

Research Pollution Studies: 
Metals 18,000 7,300 
Organic Compounds 25,180 21,000 

Marine College Level: 
Education Course Development - Law Curriuclum 28,500 28,150 

and Training Other Education: 
Sea Grant Trainees 32,500 16,000 
Sea Grant Fellows 40,500 -0-

Advisory Extension Programs: 
Services Extension Agent Services 125,000 65,600 

Other Advisory Services: 
Communications 11,680 30,950 

Program 
Management Program Administration: 

and Program Administration 15,430 97,750 

Development Program Logistic Support 1,520 11,400 

Program Development 
New Applications Development 30,400 14,600 

TOTAL 562,700 369,900 
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Aquaculture: 
Aquaculture - Molluscs 

Budget Summary 
Expenditures By Activity 1979* 

NOAA Grant Matching 
Funds Funds 

10,000 8,900 

Living Resources other than Aquaculture: 
Commercial Fisheries - Biology 200,600 63,450 
Pathology of Marine Organisms 59,200 7,550 

Marine Law and Socio-Economics: 
Marine Economics 21,200 29,000 
Socio-Political Studies 17,650 10,500 

Pollution Studies: 
Metals 29,000 15,350 
Chemical 15,450 8,250 
Industrial 11,000 15,900 

College Level: 
Course Development - Other Resource Use 5,250 11,000 

Other Education: 
Teacher Training 5,200 3,100 
Research Techniques 4,000 7,700 
Trainees 52,850 27,000 

Extension Programs: 
Extension Agent Services 144,000 98,240 

Other Advisory Services: 
Communications 36,000 24,560 

Program Administration: 
Program Administration 18,350 76,950 
Program Logistic Support 74,750 42,800 

Program Development: 
New Applications Development 44,400 86,800 

TOTAL 748,900 537,050 

Marine 
Resources 
Development 

Marine 
Environmental 
Research 

Marine 
Education 
and Training 

Advisory 
Service 

Program 
Management 
and 
Development 

* These summaries are only approximate. In accordance with federal grant requirements, the official financial report will 
be submitted by the Office of Sponsored Programs, University of Maryland. 
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Science Division 
Maryland Department of Legislative Reference 
Da. MICHAEL J. PELCZAR, JR. 

President 
The Council of Graduate Schools 
In the United States 
Ma. WILLIAM Boe PRIER 

Executive Director 
Chesapeake Bay Seafood Industries Association 
DR. AARON ROSENFIELD 

Laboratory Director 
Northeast Fisheries Center 
Ma. HENRY SILBERMAN 

Assistant Secretary 
Maryland Department of Natural Resources 
DR. KENNETH T. S!MENDINGER 

Environmental Communications Consultant 
K. T. Simendinger and Associates, Inc. 
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Scientific Advisory 
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University of Maryland 
Sea Grant Program 
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University of Maryland 
Sea Grant Program 
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University of Maryland Center for 
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University of Maryland, Baltimore Campus 
DR. TONY MAZZACCARO 
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University of Maryland, College Park 
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