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This series of reports is devoted to discussion of current issues relevant to conservation
use, and development of Delaware Estuary resources, and of concern to managers, decision
makers, and the general public.

If you' ve been a serious corn
mercial or recreational fisherman
in the Delaware Bay for twenty
years or more, you' ve undoubtedly
had questions about the fluctua
tions of certain fishes. Where are
the winter flounder and puffers
that were so abundant in the early
1970s? Why were striped bass as
prevalent in the middle '70s as
they were one hundred years
earlier when fishery records were
first kept, but today face extinc
tion  Figure I!? Why were croakers
 hardheads! so plentiful in the late
'40s that you could swamp your
boat with the catch while today
they are as rare as an endangered
species? On the other hand, why
do bluefish  Figure 2!, weakfish
menhaden, and spot seem to be
more abundant today then they
were in the late 1950s and early
60s?

There are several reasons for
these serious shifts in fish popula
tions: first, there are manmade
effects, including excessive nu
trient enrichment and low oxygen
levels from sewage and agricul
tural input, physical damage to
spawning sites, the introduction
of toxic materials from pollutants
and fishing pressure from both rec
reational and commercial fisher
men; and second, there are
climate or climate-related condi
tions, including temperature, pre
cipitation, river flow, prevailing
winds, and currents



agers will be able to make better decisions
for the benefit of our fisheries in the
future.
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Figure i. Striped haSS Jandinga in Inemo tOnS far the Detaurare and Cheaapeake Baya, I 880-1980.
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Figure 2 Bluefish tandingi in ineirie tOna fOr the Detawaie and CheSaPeake Barr, 1880-1980.

Since the manmade effects are, to a
significant extent, under our control, can
we separate them from the dirna ic causes,
which are beyond our control? If so, rnan-
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STATUS OF THE
DELAWARE BAY

The Delaware Bay's role as a major
transportation corridor began not long
after Henry Hudson sailed the Hu f hfr7on
into the bay in I 609. One hundred years
later, the bay was beginning to feel the
effects of human activity-from sewage
disposal to fishing. Two hundred years
later, the bay was suffering from a wide
range of poUution.

Recognizing the need to dean up the
bay, the Interstate Commission on the
Delaware River Basin  INCODEL! and the
Delaware River Basin Cominission  DRBC!
joined to initiate basin-wide water poUu-
tion control in the late 1930s. Today the
dean-up continues, with the recent com-
pletion of three major sewage treatinent
plants in Philadelphia.

Sewage discharge between Philadelphia
and Wilmington in the Delaware River
and contanunants from indurtrial and
urban activity in the river have inhibited
or in some cases eliminated the spawning
runs of anadromous  swim up the river to
spawn! fishes such as shad and striped bass,
according to some fisheries biologists.

Are these biologists correct? Perhaps
neighboring Chesapeake Bay, which is
similar to the Delaware Bay in terms of
the general ecological community and
dimate, can provide the answer

Through the concern for fisheries as
well as submerged aquatic vegetation and
water quality in the Chesapeake, Congress
mandated that the Environmental Protec-
tion Agency conduct a study of that
natural resource in 1975. Results of the
Chesapeake Bay study indicate that eutro-
phication  nutrient enrichment! 2nd con-
tamination by toxic materials in the heads
of various tributaries may be contributing
to declines in anadromous species  EPA,
1983!.

Recent findings and recommendations
of the EPA Chesapeake Bay Program also
have called attention to dramatic dedines
in living resources  submerged aquatic
vegetation, freshwater spawning fisheries,
and the oyster fishery! in Chesapeake Bay
that are circuiusianiially hoked io  I!
increased plant nutrient levels in the
upper portions of the main estuary
and its tributaries, �! the probable im-



pact of toxic materials, sedinientation,
and other human-caused effects on estua-
rine and freshwater spawning grounds of
fisheries, and �! seasonal low oxygen
effects in deeper stratiiied waters and
other localized areas of the Chesapeake
Bay and its tributaries  Figure 3!.

According to the Environmental Pro-
tection Agency, most of these efFects
 about 70%! are considered to reflect
non-point source input  particularly nu-
trients! from agricultural, construction,
urban development, and related activities
in the 64,000 square-mile watershed of
the Chesapeake Bay.

ln the 13POO squaremile watershed
of the Delaware Bay, similar activities arc
occurring with similar effects on living
resources.

Located iri the area of the richest fish-
eries in the Middle Athntic Bight  be-
tween Cape Cod and Cape Hatteras!, where
the ranges of northern and southern spe-
cies of fishes overlap, the Delaware Bay
has been the home of approximately 85
commercial spccics of fish, according to
catch records covering the past 100 years.

Besides sturgeon, shad, oysters, lobster,
blue crab, weakfish, bluefish and flounder,
the menhaden has been a prolific and
valuable fish in the area. For example, in
1953. Lewes, Delaware, led the nation in
poundage of fish landed at nearly 400
million pounds. A large portion �60 mil.
lion pounds! were menhaden-industrial
fish processed for fish meal and oil.

During 1966, however, the menhadeit
processing plants dosed due to lack of
fish. The remairung food-fish trawlers
also concluded operations because of the
scarcity of food fish. A lustoiscal analysis
indicates an almost complete collapse of
every major commercial imiishery that
once existed here due to a decline in fish
availabihty  McHugh, 1981!, The trawl
fishery has not been reestablished because
of regulatory restrictions, but Delaware
Bay still supports a commercial gillstet
fishery.
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Figure 3. Conceptual frameutork of some probable interactions among ctbnste, water quality, anti
some living resources lu the f3sesstmake Bay system.

CLIMATIC EFFECTS
aN FISHERIES

Before we can fully understand thc
relationship between the sucoess of a
principal commercial species and water
quality, toxic materials, and fishing pres-
sure, we inust first understand the impact
of natural forces on that species.

A number of investigators have demon-
strated correlations between variation in
fisheries catches and climatic factors, in-
cluding winter air temperature, sea sur-
face temperature, freshwater rtmoff, sa-
luuty at spawning sites, and coastal circula-
tion. These correlations suggest  but do
not prove! relationships between ciiinate
or natural environmental variations and
population fluctuations in fisheries.

In general, climate's effect on fisheries
is species-specific and may produce posi-
tive or negative results. Positive dimatic
effects relate to improved spawning suc-
cess, egg hatching, and survival of the lar-
val and juvenile stages, which can con-
tribute to an aboveaverage year+lass
 year-class refers to the nuinber of fish
resulting from spawmng in a given year!.

However, negative ciimatic effects
have the most mflucnce on fisheries at
the time of egg, larval, and early juvenile
development since the eggs and larvae
have limited mobility and are thus more
vulnerable than at other stages in the liFe
cycle, Whether or not the negative effect
is direct or very indirect, it often affects
a fishery at least through shifts in the
physical and chemical characteristics of
the environment and the matching of the
larval fish food supply with the occurrence
of the larval fish  see Figure 4!  Cusbing,
1975!.

Increased rainfall is s common climatic
effect, lt sets off a kind of chain reaction,
causing increased freshwater flow, which,
in turn, may result in a number of other
changes, such as increased turbidity and
biological oxygen demand, decreased
Salinit, etC. TheSe ChangeS may be adverSe
to some species, hke those sensitive to
increased toxins or turbidity, but be bene-
ficial to others, such as those requirutg
strong currents as transport mechanisms.
For example, young oysters may be
sinothered by silt stirred up by strong
currents, while striped bass eggs require a
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2-3 mph current to keep the eggs in sus-
pension during incubation and hatching.

A more direct example of the effect
climate has on a fishery comes from sci-
entists at the University of Rhode Island.
Their recent study suggests that lower
temperatures in the Narragansett Bay
during the early 1970s may have resulted
in a successful winter flounder year-class
by reducing the migratio~ of predators
into the bay during the flounder's critical
survival period during springtime  Jeffries
and Terceiro, 1984!.

The following are several examples of
climate's effect on fisheries in the Dela-
ware Bay. Time � ~ The overlap in time

mdicates the chance
of survival of ftsh
larvae to become
young fish.

These fish spawn in fresh or brackish
   3 ppt salinity! waters in the Chesa-
peake-Delaware Canal, Elk River, Potomac
River, and upper Chesapeake Bay, froin
April to June. The aemibuoyant eggs re-
quire a current for suspension and to
avoid suffocation from silt. Hatching
periods vary inversely with temperature.
Larvae settle to the bottom as they begin
to feed, preferring shaBows with slow cur-
rents and sand or gravel bottoms,

The survival rate for striped bass and
the subsequent success for their year-
class have been positively linked to
abnormally cold winters and high spring
runoffs, which are interrelated. Cold
winters result in above average food sup-
plies in nursery areas due to increased
availability of nutrients from ice scouring
and high spring runoffs. This increased
food supply increases the probability of
larval survival and thus the success of the
year-class  see Figure 4!  Setzler, et al.,
19BO!.

Blue Crab

Blue crabs mate in the brackish areas

of estuaries, but egg-laying peaks from
July through September in the lower bay
where salinity is higher, The eggs hatch
into the first larval stage  zoea! 6 to 13
days after spawning and the second stage
 rnegalopae! occurs in about 31 to 49 days
 Sulkin, et al., 1982!. Optimal salinities
for zoea growth are 20 to 30 ppt and
optimal temperature is about 25 C.

Figure 4. Effect of elifnate on fisheries at the time of egg, hrval, and early juvenile development.

Currents are vitally important to the
survival of blue crab larvae. After the eggs
hatch into zoea in the surface waters at
the mouths of estuaries, the net current
at this layer sweeps them out into the
ocean where they subsequently develop
into megalopae  Sulkin et al., 1982!.
These older larvae must rely on continen-
tal shelf currents, which are controlled by
globai~cale climate and wind patterns,
to return them at the appropriate time in
their development to the mouths of estu-
aries adjacent to the shelf,

When North Atlantic continental-shelf
circulation moves in a westerly or north-
westerly direction, there is a higher prob-
ability that the young blue crabs will be
returned to the estuary to live out the
remainder of their lives.

Menhaden

Menhaden range frofn Nova Scotia to
Florida. In the rnid-Atlantic Sight, men-
haden spawn offshore but near the mouths
of estuaries, There are two spawning sea-
sons for this species a short first period
in May and June as adults migrate north
toward New England, and a second ma-
jor period in September and October as
the fish migrate back south to the Caro.
linas. Spawning is reported to have occur-
red at temperatures from 13 to 20 C
and at optiinal salinity of 10 to 22 ppt.

The egg incubation period is about 48
hours.

Like blue crab larvae, menhaden larvae
are highly dependent on continental shelf
currents for their return to the mouth of
the estuary for growth, When the larvae
reach a length of about 10 to 30 mm,
they enter the estuary and move toward
fresh water. This larval migration lasts
from December to May and like spawning,
also has two peaks: one in November and
December and a major peak in February
and March. The water temperature when
the larvae begin to enter the estuary can
be very important to survival of the larvae
and therefore to stock size  Wang and
Kernhan, 1977!, If temperatures are
below 3'C when the larvae begin to enter
the estuary or drop too close to that level
after the larvae enter the estuary, high
mortalities usually occur.

The larvae remain in their estuarine

nursery grounds until they change into
juvenile fish. Then they return to the
deeper waters of the lower estuary. As
temperature drops in the fall, these ju-
veniles move out to ocean waters.

HUMAN IMPACT

As you can see, natural forces, such as
climate, can play a significant role in the
success of a fishery. But those of us who
live on the Delaware Bay's watershed, or
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who use the bay for industrial or recrea-
tional activity, also make an impact on
the natural resource's fisheries through
nutrient input, pollution, and commercial
and recreational fishing,

We contribute nutrients to the estuary
primarily through agricultural and sewage
discharge. These fertilizers increase levels
of various forms of phosphorus and nitro-
gen, which, in turn, may cause large crops
of phytopiankton to grow.

If the composition of the phytoplank-
ton bloom matches the nutritional re-

quirements of the young fish, this form
of nutrient enrichment in its early stages
can actually benefit portions of the
estuarine system.

But as nutrient enrichment intensifies,
the standing crop of phytoplankton in.
creases and may shift in species cornposi-
tion to less desirable food species  for ex-
ample, bluegreen algae in tidal fresh por-
tions of estuaries!. This shift occurs be-
cause the less desirable forms out-compete
the more desirable algal forms at high
nutrient concentrations. As particulate
carbon and turbidity increase in conjunc-
tion with higher standing crops of phyto-
plankton and summer stratification  layer-
ing! of the water column, they collectively
contribute to increased variations in

concentrations of dissolved oxygen in
surface waters and extended periods of
near oxygen depletion in bottom waters,

Although the negative impact of oxy-
gen depletion is obvious, it varies accord-
ing to species tolerances and its severity
can be enhanced by stratification and
moderated by various mixing processes
in the estuary. For example, eels and cat-
fish can withstand low oxygen for much
longer than can shad and striped bass. As
a body of water, the Chesapeake Bay is
more prone to low oxygen in its deeper
parts than the Delaware Bay due to a
slower flushing rate and stronger stratifica-
tion that reduces oxygen exchange with
the atmosphere.

Finally, nutrient enrichment is thought
to have a detrimental effect on submerged
aquatic vegetation  SAV!, such as eel grass
and widgeon grass, because nutrient load-

ing stimulates phytoplankton growth and
the growth of small plants  epiphytes! on
the leaves of SAV. Both phytoplankton
growth and epiphytes shade SAV, and
current data implicates increased shading
as the predominant cause of the SAV
decline in our bays  see Figure 3!  EPA,
1983!.

Monitoring the effects of pollutants on
fisheries populations seems like it should
be an easy task, but unfortunately, it is
not. In a study of fourteen U5. estuaries,
the specific linkage between nutrients
 one example of a pollutant! and fisheries
proved difficult to demonstrate  Nixon,
1983!.

In 1980, C, J. Sindermann, National
Marine Fisheries Servioe fisheries biologist,
described in some detail the difficulty of
isolating and quantifying pollution effects
on resource species � as distinct from ef-
fects of natural environmental variations,

"That chemical pollutants cause stress
and death in individual marine animals
can be easily demonstrated, and has been
repeatedly," he said. "Descriptions of
lethal and sublethal effects of heavy

metals, petroleum compounds and halo.
genated hydrocarbons [also! abound in
the experimental literature. [However],
that stress Irom chemical pollutants can
have significant quantifiable effects on
resource species abundance  apart from
localized effects in severely contaminated
coastal and estuarine zones! is much more
difficult to demonstrate, and has not been
documented satisfactorily,"

A recent review of ecological stress in
the New York Bight  Mayer 1982! further
supports the viewpoint that, even in an
area as heavily impacted as the New York
Bight, it is nearly impossible to demon-
strate pollution-induced changes in the
growth and distribution of populations
of plankton invertebrate communities
and fishes.

On the other hand, a group of scien-
tists led by University of Delaware scien-
tist Dr, Melbourne Carriker �982! indi-
cate that temporal and spatial trends exist
in the distribution and abundance of

some bottomdwelling organisms in lower

Raritan Bay and the New York Bight Apex
as a result of pollution. That is to say,
bottom-dwelling species are reduced in
number where pollution levels are high
although individual highly tolerant species
may increase in number as other species
decline.

Sindermann �980! argues that "to
insist on demonstrations of easily dis-
cernible effects on overall species abun.
dance is to establish too harsh a criterion

of pollution damage. A much more ac-
ceptable concept is that effects of pollu-
tion, clearly demonstrated on even a single
individual or a local population, must be
considered a cause for management action
to protect the total population � just as is
the case with humans,"

Such evidence is often in the form of

pathologies such as �! cellular and genetic
damage to eggs, embryos, and larvae re-
sulting from exposure to contaminants,
�! fin erosion and sores of the. body asso-
ciated with exposure to degraded environ-
ments, and �! latent infections, particu-
larly those of a viral nature, which may
be provoked into active disease by pollu-
tion stress  Sindermann,1980,and Mayer,
1982!.

Iinpacts of Overfishing

Overfishing � through commercial and
recreational fishing � occurs in two ways:
through growth overfishing and recruit-
ment overfishing. In growth overfishing,
too many fish are caught when they are
relatively young so that the exploitable
population contains a low percentage of
older individuals. The catch is dominated

by relatively small fish that should be per-
mitted to grow to a larger average size be-
fore harvesting  Figure 5a!.

Figure 5a. Growth overfirhing  dominated by
rdatively srnaU fish!.
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Figure Sb. Recruitment overfishing  spawning
stock is reduced by excessive catches!.

In recruitment overfishing, however,
the spawning stock is reduced by excessive
catches to a level where it cannot rnain-

tain the numbers of fish in the total popu-
lation. Subsequent year-classes contain
fewer and fewer fish  Figure Sb!, The
net result from both types of overfishing
is that the catch per urut of effort, in
both average weight caught  growth over-
fishing! and their number  recruitment
overfishing!, progressively declines  Cush-
ing, 1975!.

TypicaHy, however, with the excep-
tion of a few carefully studied fisheries in
the Chesapeake and Delaware bays  e.g.,
Atlantic menhaden!, the effects of over-
fishing are poorly understood. Historical-
ly, catch statistics  landings! cannot be
related to species abundance because the
effects of fishing efforts, reporting error,
and market demand are virtually unknown
and cannot be adjusted for use with
previously collected statistics. However,
new data-collecting techniques will per-
mit the use of catch statistics in estimating
population size.

Therefore, although there has been a
longstanding concern that over fishing by
commercial and recreational interests has

caused declines in local fisheries, there is
little statistical evidence to support the
claim or to interpret the level of effect
for inost Chesapeake and Delaware Bay
fisheries  Rothchild, et al., 1981!.

However, one important conclusion of
the Emergency Striped Bass Research
Study is that "the level of fishing mortality
affects that magnitude of the contami-
nant mortality that the stock can with.
stand and vice versa." That is to say, over-
fishing can reduce the resiliency of the

stock to rebound from toxic material

stresses and vice versa.

These two forces poHution and over-
fishing � may well be reducing the stocks
of' anadroinous  freshwater spawners!
species, which have declined dramaticaHy
over the past ten years. But through enact-
ment of a recent fishing moratorium,
striped bass populations are increasing

considerably.
How can we better understand the iin-

pacts of climate, poliution, and fishing
and their interactions on fisheries? A sim-

ple diagram of a hypothetical example,
Figure 6, may help. In good climatic
years, spawning fish produce ten times
their number of young tish. In poor
climatic years, they produce the same
number of lish as there are adult fish. For

the sake of simplicity, we assume that
mortality in the young fish is equal and
essentiaHy nonexistent from natural causes
like predation and disease, under both
good and poor cHmatic conditions. The
young fish reach spawning age and die
after spawning in one year. Mortality
from poHution and fishing are equal at
25% of the young fish. Therefore, 50%
of the population survives to spawn the
next year.

As shown in Figure 6, after only two
generations there are 100 times as many
fish available under good cliinatic condi-
tions as there are under poor climatic
conditions. If both fishing and poHution
inortality are eliminated, under poor cli-
matic conditions the population remains
stable and would be four times iarger
�00,000 vs. 25,000! after two generations,
Under good climatic conditions, the
population would also grow and be four
times larger �0,000,000 vs. 2,500,000!
after two generations.

Obviously, Figure 6 is a highly simpli-
fied model that probably does not describe
the real world, but it does suggest that

1. the effects of climate are likely to be
the most significant effects on the
population of'a fishery.

2, poHution and fishing mortality can
dramatically decrease the fish popula-
tion when climate is poor but does not
dramatically affect population growth
when climatic conditions are good for
the survival of young fish.

REGULATORY CONCERNS

Fisheries management agencies want
to maximize harvest of key commercial
and recreational species without jeopar-
dizing the ability of the populations to
sustain themselves. However, one of the
deficiencies in fisheries science today is
the inability of scientists to provide man-
agers and planners with long-range predic-
tions of'population and ecosystem change.

This information mill ultimately de-
pend on the ability of climatologists to
predict climatic change in the atmosphere
and the ability of oceanographers to pre-
dict the response of the ocean and our
bays to such climatic changes. IdeaHy, the
fisheries biologist should also better
understand these secondary effects of
climate on the success of fisheries species.

For managers to assess the effects of
overfishing, catch and effort statistics
need to be compiled for commercial and
recreational fishing activity that accurately
reflect fishing effort. That is, in addition
to knowing the number of anglers, it is
also necessary to know the time spent
fishing by each angler and the amount of
gear fished during that time.

FinaHy, there is a need to better under-
stand the effects of human-caused inputs
into our waterways, particularly those
that change water quality through the
introduction of nutrients and toxic sub-

stances, as well as how these substances
affect populations of fish and the balance
of the entire ecosystem.

When the effects of climate, water
quality, and overfishing and their inter-
actions are understood more fully, man.
agers may better address conflicts between
commercial and recreational fishermen,
allocate fisheries resources in a more sci-

entific manner, and generally protect and
develop fisheries resources for the public
good in a more effective way.

For example, when recreational and
commercial fishermen are at odds � trying
to pin the demise of a species of fish on
one another, fisheries management spe-
cialists may be able to show that the de-
crease in stock is really part of a long
natural cycle where the species is declining
due to subtle changes in the climate of
the region.



Or perhaps fishermen are complaining
that sewage treatment plants are affecting
fishing when in reality nutrient enrich-
ment caused by agricultural activities and
other non-point sources is really the cul-
prit, Each of these examples has been
shown to be true in selected situations.

Obviously, a better understanding of
the linkages and interactions between
natural and manmade factors would bene-

fit the public as well as fisheries managers.
However, at the heart of this controversy
is stock resiliency � the source of the furor
surrounding declining fisheries such as
stripers. We can control fishing mortality
quickly, directly, and relatively economi-
cally by limiting fishing. Reducing toxic
stresses, environmental degradation, and
other human-related factors is much more

lengthy, indirect, and expensive, but is the
ultimate solution. To inaintain our fish-

eries, one of our most valuable resources,

we must do both. Thus, our first move
should be to take immediate regulatory
steps to reduce fishing mortality where
necessary, while beginning to collect the
environmental data that will serve us in de-

veloping the real solution to our problem,

Figure 6. Coioparisoo of population growth vs. ctimate.
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