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ABSTRACT

Evaluating the proposed opening of Irondequoit Bay as a harbor of refuge involved

identifying the biological parameters to be considered, and describing the geology and

chemistry of the bay and its drainage system. Since there is little exchange with Lake

Ontario, Irondequoit Bay is more like a lake in a eutrophic condition than an open bay.

Environmental problems in the bay are mainly the result of great quantities of sewage

effluent, The pz'oposed Corps of Engineers project to deepen and broaden the outlet to

Lake Ontario will have little or no effect on increasing the exchange between the two

bodies of water. The project will not significantly improve the bay's water quality, kut

the proposed 8-faat �.4 m! deep channel will be adequate to make it a harbor of refuge .

Dzedging will have localized, short-term effects, including destruction of rooted. aquatic

plants, elimination of benthic organisms, and possible fish kills. But once dredging is

completed, reestablishment of these communities will be ~apid.

INTRODUCTION

Several scientists have undertaken intensive

of the bay and Irandequoit Creek basin; and

Thomas D. Banniater, wha has studied the bay

waters and phytoplankton populations.

Irondequoit Bay, on the south shore of Lake

ontario in Rochester, New York, has been pro-

posed as a harbor of refuge for pleasure craft

using the lake. Under authorization of the

1958 Rivers and Harbors Act, the US Army Corps

of Engineers has been empowered to create a

permanent boat access to Lake Ontario fram the

bay . The present entrance to the bay is ob-

structed by two bridges  a railroad bridge for

the Hojack Line of the Penn Central Railroad

and a highway bridge for NYS Route 18! and a

sandbar at. the entrance of the bay. Although

the project has been postponed until comple-

tion of the Irandequoit-Wayne County Express-

way, local public and private groups have ex-

pressed concern as to possible biological im-

pacts of the project on the bay area.

In l973, follawing resolutions by the Monroe

County Legislatuz'e and the Monroe County En-

vironmental Nanagement Council, the Ironde-

quoit Bay Policy Committee was formed to set

policies and to develop a plan for the bay.

The committee felt that more biological infor-

mation on the possible consequences of opening

the bay should be obtained before any decision

to dredge the existing channel was made.

It is the intent of this study to identify the

biological parameters that should be considezed

in evaluating the proposed opening of the bay,

Available research reports and other biological

data On IrOndequait Bay were collected fzom a

variety of SourCes. Theae data Were analyzed

to determine if there were sufficient informa-

tion on each biological parameter. Recozmenda-

tions have been made as to what additional in-

formation is needed before an informed decision

on opening the bay can be made.

studies of the Irandequoit Bay drainage kasin.

Leaders in research an these waters are:

Robert C. Bubeck and William H. Diment, who

have studied the chemical and physical aspects

of the bay waters; Herman S. Forest, who has

studied the biology of rooted aquatic plants

and some aspects of fish life in the bay;

Kenneth Q. Harbison, who has studied the waters

Curz'ent environmental problems in the bay water-

shed arise from dumping large quantities of

domestic sewage effluents into the bay and creek,

and spreading tons of deicing salts on the high-

ways and streets in the watershed. Acceleration

of soil erosion and shore disruptions has occurred

from changes in land use in the watershed area.



BAY MORPHOLOGY AND GEOLOGICAL HISTORY

Irondequoit Bay is located between 77'30'W and

77'32' 30"W and between 43'10'N and 43'14'N in

Rocheater, Manroe County, New YOrk. A de-

tailed map of the bay and its immediately

adjoining land areas is available  US Geolog-

ical Survey Map N4307.5 W7730/9 x 7.5, Roches-

ter East, New York! . Bubeck �972! and

Tressler e0 al �953! have described the bay

and its watershed in detail. Dimensions of

the bay as reported by Bubeck �972! are:

Length..... 6.6 km �.1 mi!
Width . . . . . 1.2 km  .75 mi!
Azea . . . . . . 6.8 km �.6 sq mi!
Maximum depth . 23. 0 m �5. 5 sq f t!
Average depth . 6.8 m �2.3 ft!
Volume..... 0.046 km>�.4xl06 cu ft!
Area Of bay and entire

drainage basin 395,0 kmz �52.5 sq mi!

The bay is almOSt entirely separated frOm Lake

Ontario by a large sandbar on the narth shore

of the bay �.5 km [.93 mi] long, 100+ m [328+

ft] vide!. Steep silt bluffs in excess af

50 m �64 ft! line the perimeter of the bay.

These areas, bare of vegetation in places, are

subject ta erosion. The bay's outlet is lo-

cated on the northwest section of the sandbar.

It is shallow � m [6.6 ft]! and narraw �0 m

[65.6 ft]! . The two bridges across the outlet

make water travel between the lake and bay im-

possible for moderate-sized boats. The bay

can be roughly divided into quarters in a

north-to-south direction. The northern quarter

is a shallow basin  less than 3 m [9.8 ft]! .

Next follows a deep basin, where the bay's

maximum depth of 23 m �5.5 ft! is found. The

third section is of moderate depth � to 9 m

[9. 8 ta 29. 5 ft]! . The southernmost quarter

is another extensive shallow area  less than 3

3 m deep!. Figure 1 gives a contour map and

vertical cross section of the bay.

Average annual precipitation totals about

32 inches  81.3 cm!, with no notable variation

over the watershed of Irandequoit Bay. Average

annual runoff is about 11 inches �7.9 cm!.

The morphology of the bay and its watershed

are characteristically related to the geo!og-

ical history of the area. Glacial action di-

verted the Genesee River west ta its present

course through the City of Rochester. The old

river channel, which once approached and en-

tered Lake Ontario where the bay is now, was

blocked at the lake shoreline, thus forming

Irondequoit Bay. As a result, fine silts and

sand, which would normally have been carried

into Lake Ontario, were deposited in the still

water zone of the bay by water flowing frcm

inland sources.

Swamp and marsh areas developed as this natural

sedimentation process continued. There are

large amounts of organic substance in the more

recent deposits. Highway construction and

landfill use have displaced soft material from

inland areas into Irondequoit Bay. Borings

and surface information indicate that fram 10

to 25 feet � to 7.6 m! of soft materials con-

taining organic substance, shells, and traces

of gravel aze present beneath the water in the

northern quarter. Loose alluvial sands and

silts exist beneath this surface layer, and

glacial till deposits in excess of 75 feet

�2.9 m! deep may be expected in the bay's

basin  EBS Management Consultants, 1968! .

The maximum surface level of the bay is deter-

mined mainly by increase in elevation of the

Lake Ontario surface.

Prehistoric inland seas formed by a slowly re-

treating glacial sheet left the area in a series

of terraces, still evident in the watershed.

This geological history reveals itself thraugh-

out the watershed area in shallow lakes, beaches,

deltas, and glacial deposits.

Soil types in the watershed are influenced by

the glacial origin of the parent material. The

upper reaches are characteristically sandy de-

posits, subject to severe wind and water erosion.
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Finer material and organiC soils ariae from

glacial till, outwash, or prehistoric lake

deposits. Details of the geological history
of the Irondequoit Bay watershed have been

reported by Chadwick �917! and Richard and

Fisher �970! .

Recent developments in the watershed region

have altered its hydrological characteristics:

1! wells have reduced groundwater supplies;

2! swamps and bogs have been drained and

filled; 3! channels of tributaries have been

altered; 4! forest lands have been cleared;

and 5! an extensive transition from agricul-

ture to urban and industrial land uses has

created local problems in the runoff waters

and in the groundwater supplies. Maps indi-

cating the geological characteristics and ge-

ography of the area  e.g., its demography,

vegetation, land uses! may be obtained from

the Monroe County Planning Commission.



WATER 1NPUT SOURCES

The water flowing into Irondequoit Bay comes

primarily from Irondequoit Creek  Fig. 2!.
Bubeck �972! estimated the annual average

flow of Irondequoit Creek at about 90.3 mil-

lion gallons per day  NGD! �.0m~ /sec ! ~

Seasonal variation is evident, with decreased

flow in the summer and increases in early

spring. Major tributaries of Irondequoit

Creek are: 1! Thompson Creek, carrying the

sanitary-storm overflow effluent from the

City of Rochester and the runoff from the

Town of Brighton dump in addition to residen-

tial runof f; 2! Aliens Creek, carrying ef flu-

ent from the Town of Brighton secondary

treatment plant  STP! and residential runoff;

and 3! Thomas Creek, carrying effluents from

STPs in Fairport and residential runoff. The

discharges rom these creeks were reported by
Harbison �974! . Bubeck �972! summarized the

discharges of the Barge Canal into Irondequoit
Creek. Other inputs from the bay watershed

into the bay have been estimated at 11.3 NGD

�. 5m~/sec ~!  Bannister et a!.. 1974! .

The �onroe County Public Health Department

records of sewage treatment plants in 1969

show a discharge of 7.9 MGD �.35m~/sec ~!

into Irondequoit Creek and its tri.butaries.

Three additional plants discharge 1.1 ÃGD

�.05m /sec '! of sewage effluent directlv

into the bay. Three STPs discharge into the

Barge Canal, which in turn enters Irondequoit

Bay, Details as tO type of treatment, loca-

tion, daily flow rates, and maximum capacity

of STPs in the bay's watershed are available

from the �onroe County Pure Waters Agency.

Overflows from the City of Rochester sanitary-
storm sewage interceptor system also contri-

bute to the bay's input.

Total sewage pouring into Irondequoit Bay ex-
ceeds 9.0 MGD �.39m~/sec ~!; thus, at least,

one part in ten of the bay's input consists

of sewage effluents  Bannister et aE, 1974!.

Barbison �974! and Bubeck �972! detailed

the natural water sources of the bay as well

as those introduced by man.

Irondequoit Bay is connected to Lake OntariO

by the narrow opening at the northern end of

the bay, but the mixing of these two bodies of

water is minimal. Harbison �974! estimated a

probable maximum value of 5 percent mixing of

Lake Ontario water with Irondequoit Bay water.

The currents between the two bodies of water

have been examined and show no repeating pat-

tern of flow through the channel  Baldwin,

1974!. The mixing of lake and bay waters is

closely related to the wind-driven water =ur-

rents observed in the Rochester Embayment area

of Lake Ontario. Strong northerly and north-

westerly winds appear to maximi.ze the mixing

effect  Casey et a 1, 1973!, These currents

create a situation in which water in Lake On-

tario rises in elevation and has a slight dam-

ming effect at the mouth of the bay. Onl«

when this occurs with enough force to counter-

act the outward water flow does Lake Ontario

water actually enter the bay,

Harbison �974! reported that sulfate difEer-

ences between the two bodies of water, an 1

aerial photographs, are evidence of the minimal

mixing. Su!fate levels in Irondequoit Ba< are

four to five times higher than those in Lake

Ontario. Sulfate concentrations at the m auth

of the bay were reported within 5 percent of

the levels recorded at mid-bay stations. The

Same effeCt waS reCOrded by TreSSler et a !

�953!, when conductivity measurements we. e used

to compare the two bodies of water, Aeri.al

photographs compared the light absorbed b ! phy-

toplankton in the bay and lake waters, us Lng

infrared film. These photographs show a plume

originating from the mouth of the outlet,and

extending into the lake. They indicate that

the plume's shape is determined by the wind-

driven currents, The photographs also sh<aw

that water entering the bay from the lake is

essentially water that previously flowed <>ut
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of the bay, and is being pushed back into the

bay by lake currents. The biological, chemi-

cal, and visual observations are all consis-

tent with the hypothesis that the influence

of Lake Ontario on the waters of Irondequoit

Bay is slight.

Population increases have been rapid in the

creek-bay watershed. In the 152 square mile

�93.7 km~! watershed, the total population
has risen from about 98,000 in 1920 to about

230,000 in 1970. This increase has resu .ted

in greater residential land use of the b«y

watershed. Destruction of wooded areas «nd

agricultural fields and meadows has altered

the ability of the land to hold water. '..'he

transition from agriculture to residenti«l

development has caused the low-water flows of

major tributaries to become lower, and h .gh-

water rates to become higher. Hennigan ,'l970!

detailed the disruption of normal flow r ites

of runoff waters.



CHEMISTRY OF IRONDEQUOIT BAY

The earliest year-round comprehensive study

of the chemical properties of Irondequoit

Bay was done by Tressler st a2 �953! for

1939 to 1940. This work is an excellent

reference point for comparing trends in the

bay over the following 30 years. The next

year-round comprehensive report was Bubeck's

�972!, for 1969 to 1970. More recent]y,

Bannister et a5 �974! studied the phyto-

plankton populations in the bay, and recorded

several chemical parameters during the 1970

to 1971 sample period  Table 1! .

Several summer studies on Irondequoit Bay

have also been carried out. These brief re-

ports include: Faigenbaum �939!, NYS De-

partment of Environmental Conservation �939,

1960, 1967, 1971, 1972, 1973!, Monroe County

Public Health Department �965-72!, Wilson

and Levitt �968!, and Shearer �974!. The

US EnvirOnmental PrOtection Agency  EPA! sur-

veyed the water quality of both Irondequoit

Bay and Lake Ontario, and included 1965 sample

stations at the mouth of the channel, thus

giving data for comparing the chemistry of

the two bodies of water  Table 2!.

The chemical properties of an aquatic system

dictate the type of biota that can be supported

there. Irondequoit Bay has been changed chem-

ically by man's influence on its watershed.

Of special interest is the increased chloride

concentration, coming from deicing salts in

the runoff waters. Other factors, especially

domestic sewage, have also affected the bay.

The temperature of the bottom waters of Iron-

dequoit Bay has decreased over the past 30

years. Bubeck �972! linked this decrease to

an influx of cold saline water into the hypo-

limnion during the more recent winters. Sur-

face waters are influenced almost exclusively

by air temperature, and so surface tempera-

tures have remained similar to those recorded

in 1939 and 1940.

One of the normal temperature properties sf a

body of water like Irondequoit Bay is the in-

verse thermal stratification occurring during

winter months. This means that temperature

increases with depth. In 1rondequoit Bay the

development of this inverse stratification is

delayed, probably because of the colder saline

water now prevalent in the bay's deeper sections

 Bubeck, 1972! .

The Secchi disk technique has been used to

measure the transparency of Irondequoit Bay.

The values obtained by Bannister et at �974!

and Bubeck �972! suggest that the average

Secchi reading has decreased by about one meter

over the past 30 years. A decrease in trans-

parency may indicate an increase in particulate

matter or dissolved solids, an increased algae

population, or a combinatio~ of all of these.

Decreased transparency is a characteristic of

a eutrophic lake, where increased fertility

 normally revealed by plankton blooms! is the

ma jor contributing f actor, Bubeck �972!

pointed out that high Secchi disk readings of

5.01 m �6.4 ft! on March 1, 1970 and 4.95 m

�6.2 ft! on January 29, 1971 occurred during

times of low biological productivity  under

ice cover!, while low Secchi disk readings of

0.4 m �,3 ft!, 0 5 m � 6 ft!, and 0.56 m

� 9 ft! occurred during summer months, at a

time of high biological productivity. One

hypothesis is that the decreased transparency

from 1940 to 1970 was due to the increased

plankton numbers.

A reduced nutrient input into the bay may sig-

nificantly increase transparency by limiting

plankton numbers. In other words, there is

potential for creating a cleaner, more desir-

able bay if sewage input is rerouted out of the

bay's waters. Due to the natural recycling of

nutrients during overturn periods, noticeable

clearing takes several years even after sewage

oollution is stopped.
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TABLE 2 C'ompar'icon of the Chemistry o f lake Ontar'io
and Irondequoit Bay z',n 5966

Spring Aver'age Summer Average Pall Average

Lake ~Ba La ke ~Ba La ke ~Ba

l.ll 0.56

0.01

0.96 0.10 1.92

l. 10

0 ' 79

3.00

0. 18 0. 100.04

0.00 0.43

1.57

0. 29

0. 430.57

0.09

0.03

1.66 1.48 0.04

1.31 1.13 0.03

611 577245 201 212 581

930 910314 348 310810

84 164 151 15997 92

115 11026 29

33 40 131 162Sou 73

10.0 24 10 ' 0 238.626

8640 42Ca

12.8 68Na

3.93.81.6

7.7Dissolved Oxygen 11.3 10.013.4 10.3 5.5

All values are in parts per million  ppm!.

Source: US Environmental Protection Agency �970!.

10

NHp-N

NO g-N

Organic N

Total N

Total PO~

Dissolved. PO<

Dissolved Solids

Specific Conductance

Alkalinity

Cl

0. 14

0.30

0.45

0. 89

0.27

0.07

0.76

2.78

2.07

1. 51
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Electrical conductivity represents the total

electrolyte concentrations in an aquatic sys-

tem. In the case Of IrondequOit Bay, there

has been a doubling of the conductivity values

since the 1939-40 study. Conductivity values
for the bay even then were relatively high

compared to other New York lakes and bays

 Tressler ef al, 1993! . These high values

were attributed to sewage effluents, also

thought to cause high alkalinity values.

Irondequo t ~ay is still comparatively high

in conductivity values. Bubeck �972! re-

ported an average surface water conductivity

of 1,016 vmhos. Deicing salt runoff has

probably been a major factor in the electro-

lyte increase indicated by higher conductiv-

ity values.

The dissolved oxygen pattern of the bay fol-

lows that of a typical eutrophic lake, Oxy-

gen is usually depleted below 10 m �2.8 ft!

for mast of the summer, while the surface

waters may be supersaturated. The abundance

of dissolved oxygen in the surface water is

due to the photosynthetic activity of the

algae blooms, while the oxygen deficiency of
bottom waters is due to decomposition pro-

cesses and the lack of circulation in the

thermally isolated hypolimnion. Oxygen de-

pletion of the hypolimnion lasts until the

fall overturn, when water from the depths of

the bay is mixed with oxygenated surface

waters, producing a fairly uniform oxygen

concentration from surface to bottom. During

the winter, a stagnation effect again occurs

and oxygen is again depleted from the deeper

waters. In the spring, most temperate lakes

have an overturn period, when mixing reoxy-

genates the bottom waters.

In Irondequoit Bay, however, the sequence is

different because of tbe chloride concentra-

tions  Bubeck, 1972! . The first noticeab1~

effect is t.>at t se winter tagnation period

is delayed due to the density of the colder

oxygenated saline water. A second and pos-

sibly more seriaus problem is that no langer

is the spring overturn complete in Irondequoit

Bay, This means that only in the fall can

oxygen be supplied to the bottom waters.

!gain, Bubeck attributed this to deicing run-

off, which creates a chemical gradient of

denser saline water along the bottom of the

bay. The saline water aCts as a barrier to

Comparisons among Tressler et a7. �953!,

Bubeck �972!, and Bannister ae aI �974!

show that 30 years ago the bay was slightly

more acidic than it is now. Increased surface

alkalinity may be due to increased algae con-

centrations. However, Bubeck suggested that

instrument malfunction may have been the rea-

son for the acidic readings reported by

Tressler et al, rather than an actual shift in

pH values sinCe 1939-40. Generally, pH values

are similar for the 1939-40 and 1969-70

Chloride concentrations have increased drama-

tically over the last few years. The monroe

County Public Health Department surveys of

Irondequoit Bay show that there was a 30 to

50 ppm  parts per million! increase in chlor-

ide concentrations between the summer of 1969

and the summer of 1970. Tressler eC aI �953!

.did not record any values for chloride in the

1939-40 survey, but Bubeck �972! reported that

1912 values were about one-tenth the present

values for surface waters, and one-thirtieth

to one-fiftieth the present concentrations for

bottom waters. Records indicate that one per-

cent of all salt used for deicing in the United

States in 1969-70 was applied to the Ironde-

quoit Bay drainage basin

Further problems arising from the chloride

concentrations include: 1! eutrophic enhance-

ment through a decrease in the pH, 2! an in-

crease in alkalinity, and 3! an increased

sediment release of phosphorus  Bubeck, 19'72!-

Other substances, such as heavy metals, may be

affected by the chemical imbalance of excess

chloride ions. Each year, more and mare chla-

ride is stored in the bay drainage systen, in
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the soil, and in the bay itself, leading ta a

potential decrease in the quality of the bay

water.

Saluble phospharus concentration has also in-

creased in the bay between 1939-40 and 1969-71.

Tressler et aZ �953! gave an average yearly

surface value of 0.19 mg/1, while Bubeck �972!

found that this value was 1.77 mg/1 for 1970-

71. The concentration in bottom waters also

increased mare than tenfold, from 0.52 mg/1 to

5.37 mg/1. Although at one time the low

amount of phosphorus may have limited algal

growth, Bubeck's values surpass those needed

for algal growth at any time of year.

Soluble nitrogen compounds in Irondequait Bay

showed fluctuation in both the Bubeck and

Bannister et aL �974! studies. Bubeck found

that nitrates, nitrites, and ammonia values

reached 0.0 ppm at times during the summer

months. Soluble nitrogen is a major plant

nutrient in the aquatic system, and these

values indicate that low nitrogen may limit

algal bloams.

Tressler et ul �953! reported high alkalinity

values and. believed these values were due to

pollution inputs and high decomposition rates.

In 30 years, there was an increase of approxi-

mately 80 ppm alkalinity1 again, this can be

attributed to an increase in sewage input

along with anaerobic decomposition in the bat-

tom sediments.

It is impartant to remember that the chemical

compasition shifts in Irondequoit Bay are due

to variations in input water composition,

particularly of the major tributaries of Iron-

dequoit Creek. The bay acts like a chemical

sink for the creek, and any fluctuation of

chemical content first becomes obvious in the

creek, with a more gradual effect appearing

in the bay.
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Plants in an aquatic system can provide in-

valuable information on the condition of their

environment. This is especially true for the

rooted aquatics and emergent plants, because

they lack mobility and are therefore exposed

to all environmental changes. Observing these

plants may prove worthwhile as a means of

determining past and present environmental

quality of the bay. Trends in water quality

can also be monitored with some degree of

accuracy by noting both the presence and abun-

dane of phytoplankton species.

Extensive studies by Clausen �939! and Forest

et. al �973! on vascular hydrophytes in Iron-

dequoit Bay suggest a deterioration in water

quality, as indicated by a shift in species

composition  Table 3! .

As pointed out by Forest et al, of the emer-

gent plants found in 1939, only Typha Zatifolia

 cattail! has survived the present conditions

in Irondequoit Bay in great numbers; it has

become the dominant littoral plant species.

The cattails in the southern marshland are an

extremely important component of the Ironde-

quoit Bay ecosystem, acting to reduce the nu-

trient input of Irondequoit Creek into the

bay. Harbison �974! listed the contributions

of this marshland area: 1! sedimentation and

passage through submerged portions of the cat-

tails reduces suspended matter by a factor of

two, 2! total phosphorus concentrations are

reduced by about 10 percent, and 3! total

nitrogen is reduced by 16 percent during the

summer months. Forest �973! mapped the dis-

tribution of vascular plants in the waters of

Irondequcit Bay  Fig. 3!.

Other species of emergent aquatic plants re-

ported in the bay by Clausen �939! are now

found infrequently or have disappeared alto-

gether. Sagittaz ia heterophy 2 la and Scirpus

acutus are extinct, and Scirpus americanus

and 333ymphea tuberosa are rare, whereas in

1939 all four were common.

TABLL' 3 Vascular yydrophytes
of lrondequoi t 23ay

Typha angustifolia
latifolia

Ãyriophy 2 lum ema lbescens
t'eratophy 2'Zum demersum
Vallisneria americana
Ponteaeria cordata
Potamogeton americanus
P. crispus
P. pectinatus
Lemna minor

trisu2ca
Spirodela polyrhisa
Vo lfia punctata
8ymphea tuberosa

odorata
Sparganium eurycarpum
Sagittar ia heterophy lla
S. Zatifo2ia
8agas f Zexi lie
Scirpus acutus
S. ameri canu s
S. validus
Heterantera dubia
Polygonum coccineum
Phragmites communis

The submerged rooted aquatic plants have also

undergone extreme species shifting. Claasen's

report showed that no Myriophyllum eralb sscens

existed in the hay. However, in 1972 Forest

found that north of Snider's Island, hlyriophy llum

was the dominant plant species. The existence

of Hyriophyltum indicates an abundance of nu-

trients, since it is most often found in pol-

luted or highly enriched  eutrophic! waters.

Several other species found in 1939 were not

located by Forest's group in 1972, Species

now apparently absent from the bay are h'alas

f'Zemi lis  naiad! and Vallesneria americana

 eelgrass!. However, the apparent shift may

be due to sampling procedures, because both
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of these species occurred only rarely in the

Clausen survey.

For the roughly 25 percent of the bay south

of Snider's Island, Forest �973! listed the

approximate species composition as: Potamo-

@eton pectinatus  sago pondweed!--60 percent;

blpriophy 22um exa2beecene  milfoil!--25 per-

cent; Fotamogeton criepus  curly or crisp-

leaved pondweed! --10 percent; and Ceratophy 2-

2um denersum  hornwort or coontail!--5 per-

cent.

Held's Cove appears ta have the greatest

species diversity, with 5ymphea odorata,

Soir pue americana, and Phragmites communis

observed only in this part of the bay  Forest,

1973! .

An important aspect of the distribution of

plants in the bay is the vertical range of

submerged aquatic plants, The present maxi-

mum observed depth of rooted aquatic plants

is 5 to 6 feet �.5 to 1.8 m!. This shallow

growing depth can be attributed to poor light

penetration. In Held's Cove, where diversity

is greater, light penetration is as much as

one foot deeper. Harbison �974! found that

light penetration of up to 4 feet �.2 m! deep

throughout most of the bay area is sufficient

to sustain plant growth during the summer

months, But in the northeast section of the

bay, two major factors further restrict light

penetration; the observed high density of

planktonic communities, and the high concen-

tration of suspended and dissolved solids

found in the waters  Forest et a2, 1973! .

The plankton blooms that limit light penetra-

tion are not a new phenomenon in the bay.

Tressler and Austin �939! reported that "a

truly enormous crop of microplankton" was

present during the summer months; this limited

light penetration to 6.6 feet �.0 m! on

August 15, 1939. The phytoplankton crop con-

sisted primarily of green algae, with some

bluegreens also present.. The dominant genera

were Scenedeemue, Oocyetie, Hougeotia,

Sphaerocystis, and Cruci genic. Surface

waters contained 2 million algae per liter;

Scenede smus   397, 000/1!, Oocys ti s �80,   00/1!,

and Crucigenia �37,000/1! were the most. com-

mon. At 32 8 feet �0 m! the algal pope.lation

was 750,000/1. Bluegreen algae were most

abundant at the surface and at 5 meters �6,4

ft!, and rare at 10 meters. The dominar t

bluegreen algae were Aphanieomenon �47,000/1!

and Nerismopedia �30,000/1! at 5 meters.

Diatoms were fairly abundant from 3 to 6 meters

 9.8 to 26.2 ft!, with He2oeira dominant

�90,000/1! at 3 meters.

Bannister et a2 �974! studied the phytcplank-

ton of Xrondequoit Bay during 1970-71. A sum-

mary of this comprehensive study outlines the

present conditions of the bay. From Nay to

June, there is a succession of dense algae

blooms. First, a bloom of Cyc2ote22a, Stepha-

nodi scue, and Diatoma species dominate until

mid-May, This bloom appears to be limited by

silicate concentrations. Around May 20,

Ch2amydomonae appears in mass, which in turn

is followed by a mixed green algae bloom,

Beginning in mid to late June, an intensive

bluegreen population is present. This bloom

depletes the nitrogen concentration of the bay

from 2.5 ppm to 0.2 ppm. Of the bluegreens,

the most common are Anahaena, A'icrocyetis, and

Aphanisomenon. Through July and August, there

is a fairly constant algae population. In

1971 bluegreens dominated during this period,

but in 1970 the algal composition was a aixture

of greens and bluegreens. In September, Ana-

baena, accompanied by Ceratium, is reestsb-

lished, Finally, in October, diatoms and mixed

green algae dominate the phytoplankton u.util

fall overturn of the bay.

Bannister et a2 �974! reported that nit. ogen

may be a limiting factor to algal growth in the

upper layer  epilimnion! of the bay beca use the

chlorophyll concentration used as a popuLation

and productivity estimate reaches a high value

of 100 ug/1 but does not vary greatly above

this value, A reduction in available ni:rogen

concentration appears during the peak blooms.
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Copepoda

Cyclops bicuepidatue
Cyclops leukartic
Diaptomus eici Ziodss

Cladocera

Alona sp
Boemina Zongirostris
Daphnia Zongispina
Daphnia puZez
Daphnia retrocurva
Leptodora kindtii
Sida orystaZlina

Roti f era
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A comparison with Tressler and Austin �939!

cannot be quantitative, but some observations

are possible. The species composition of

phytcplanktcn appears tc have been relatively

constant over the last 30 years. Bannister

et aZ �974! reports that the June bluegreen

algae bloom has only occurred recently, which

may be an indication of further deterioration

of the bay water quality.

There are not many data reporting zooplankton

community characteristics. Tressler et al

�953! lists only limnetic forms collected in

1939-40. Seasonal distributions were plotted

for several of the more abundant species

found. Table 4 gives the species identified

by Tressler et al,

Odell �939! reported that crayfish and

shrimp were common in the waters of the bay.

The US Department of the Interior �969! did

some limited studies on the benthic organisms

inhabiting both Irondequoit Bay and Ironde-

quoit Creek. At all stations examined, the

TABLE 4 Zoop Zankton Speci ee
of Irondequoit Bay

Asplanchna priodonta
Aep Zanchna sp
Z erateZZa coch'learis
Rsratella quadrata
Honosty Za bul la
Rotholca longiepina
Polyarthra trigla
Rattulue sp
Synchaeta stylata

Source: Tressier et al �953!.

bottom sediment type was reported as being

dark-brown muck in the shallow areas and black

muck in the deeper spots. At one station a

brownish-gray muck was reported at 5.0 meters

�6.4 ft!, and 61,334 organisms were collected.

Of these, 250 were identified. Table 5 gives

the species found.

TABLE 5 Benthic Organisms
of Irondequoit Bay

Isopoda  Asellus!
Trichoptera
Chironomidae

Po Zy pedi Zium
Procladius riparius
Proc ladiue cu li ci formic

pelecyopoda  Sphaerium!
Oligochaeta
Gastropoda

Be Zi soma
Amni co la
Syraulus
Physa
goniobasis
Stagnicola
Promenetue
Va Zvat a

Source: US Department of the Interior �969!

Benthic populations of both the creek and the

bay areas are indicative of the high organic

loading found in these waters. However, data

are insufficient to make any concrete conclusions.

Table 6 represents the observed changes in the

populations of fish species in Irondequoit Bay

from 1939 tc 1970. EnCon did the earlier study

�939!. The later data come from studies by

Gittelman and Buchanan �971! and EnCon �970! .

Additional information on fish populations

prior to 1939 can be obtained from Greeley

�939!. Included in the Greeley study are 108

species of fish from 27 different families that

were found inhabiting the waters of Lake Ontario

before 1940.

EnCan also has lists of resident, fish popula-

tions fcr 1946, 1960, and 1972. Forest �973!

gives collection data for a 1967 summer ichthy-

ology course, as well as a detailed account of

all fish records and an ecological description

of each species identified in the bay.



Species Beported in Irondequoit

1939 l970 USESFAHILYSPECIES

+R � Forage

Silvery minnow Forage

Forage

Forage

Spotfin shiner Forage

Forage

Forage, bait:

Golden shiner Forage, bait;

+A + Forage

+ Forage, bait;

+A Forage, bait.

Largemouth bass + Game

+ Game

+A Pan
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TABLE 6 Comparison of Fish
Bay, 7938 and l970

Stoneroller
 ~cern osta~ anomalum!

Nimic shiner

 ~Notre is vclucellus!

Pugnose shiner
 Notroois ~ano nus!

Black chin shiner

 ~Notre ta hetercdon!

Steelcolor shiner
 ~iiotro is ~mhi lii!

Sand shiner
 ~Notro is stramineus!

Common shiner

 ~N tro is c.ornutus!

Bluntnose minnow
 ~Pine les notatus!

Carp
 ~crtnus car~to!

Spottail shiner
 ~Notro is hudsonis!

Emerald shiner

 ~M ~ro d.s atherinoides!

Smallmouth bass
 Nicroxterus dolomieui!

Bluegill
 ~Le !omis macrochirus!

Pumpkinseed
 ~te >ate itihhosus!

E!!innow

 Cyprinidae!

Minnow

 Cyprinidae!

E'iinnow

 Cyprinidae !

Ninnow

 Cyprinidae!

Eslinnow

 Cyprinidae!

Hinnow

 Cyprinidae!

Ninnow

 Cyprinidas!

 'iinnow

 Cyprinia e!

E~J.nnow

 Cyprinid e!

Elinnow

  Cyprinidae !

Etlinnow

 Cyprinidae!

Minnow

 Cyprinidae!

Elinnow

 Cyprinidae!

.nlinnow

 Cyprinidae!

Sunfish

 Centrarchidae!

Sunfish

  Centrarchidae !

Sunfish

 Centrarchidae!

Sunfish

 Centrarchidae!

+R � Forage, bai'.



FAI >I LY

+ Pan

iiockbass + Game

Forage

+R + Bait

Bass +
 Percichthyidae!

Comme rcial

+ Food

+ Food

Food

Forage, bait

Game

+ Pan

+ + Forage

+ Forage

l8

Blf ck crappie

Brook silveraide

 iabide',thea sicculus!

Eastern banded killifish

 I"unduly., ~dia Agnus!

White bass

 coccus chry~ao s!

White perch
  Norone americanus!

Cisco

 ~Core nu art.e.di!

Freshwater drum

 A l d' t ~runnien*!

Channel catfish

 Ictalurus ~unctatus!

Black bullhead

  Ictalurus melas !

Brown bullhead

 Ictalux ~s nebulosus!

Northern log perch
 Percina ~ca rodes!

Yellow walleye
 Sti.,ostedion vitrium!

Johnny darter
 Etheostoma ~ni Tum!

Yellow perch
 Perca flavescens!

American burbot

 Lota iota!

Alewife

 Alosa seudohare s!

Gizzard shad

 Doroaoma ~ce dianum!

Hunf i.- h

 Centrarchidae!

.'unfish

 Centrarcl idae!

silver. ide

 Atherinidae!

'd '.illifish

 Cyprinidontidae!

Bass
 Percichthyidae!

 thitefish

 Coregonidae!

'Drum

 .'~ciaenidae !

Catfish

 Ictaluridae!

Catfish

 Ictaluridae!

Catfish

 Ictaluridae!

Perch

  Percidae !

Perch

  Percidae!

Perch

 Percidae!

Perch

 Percidae!

Cod

 Gadidae!

Herring
 C lupeidae!

Herring
 Clupeidae!

Game, commerc ial

+A Game, commerce ial

Game, comm nrcial

+ Forage

+ Commercial



1939 1970 USESSPECIES FAMILY

+ + Forage, bait

+ Game

Longnose gar + + Game

+ + Bait

+ Parasite

+ Game

Other species present but not captured in the 1939 or the 1970 studies:

Northern redhorse sucker Sucker 1967

Additional species not included in the l939 collection:

Total number of species collected in 1939 = 36
Total number of families collected in 1939 = l7

Total number of species collected in 1970 = 24
Total number of families collected in 1970 = 13

a Source: EnCon �939!.
b Sources. Gittelman and Buchanan �971! and EnCon �970!.
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White sucker

 Catostornus commersonii!

Northern Pike

 Esox lucius!

Bowfin

 Amia calva!

Sea lamprey
 ~Patrom zon marinus!

American eel

 A~nuilla rostrata!

Satinfin shiner

 ~Notro is analostanus!

Iowa darter

 Etheostoma exile!

R = rare

A = abundant

Sucker

 Catos tomidae!

Pike

 Esocidae!

Gar

 Lepisosteidae!

Bowfin

 Arniidae!

Lamprey
 Petromyzontidae!

Eel

 Anguillidae!

Minnow

 Cyprinidae!

Perch

 Percidae!



Comparing 1939 and 1970 data shows that 18

species of fish present in 1939 were not de-

tected in 1970, and that 7 other species de-

creased in number. These were fish of the

type that thrive in a clear, weedy environ-

ment. Five species were found in the 1970

studies tha.t were not identified in the early

study> these were types of fish generally

found in silty, brackish water having dense

vegetation.

steelhead from Lake Ontario to the upper areas

of Irondequoit Creek is anticipated.

The success of this operation may well depend

on improved creek and bay conditions. Instal-

lation of the sewage-interceptor system should

divert the major sources of pollution out cf

the watershed. Proper fish management policies

should vastly improve the recreational value

of the entire watershed area in future years.
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Because much of the original data does not

cover the entire bay area, it is difficult to

make any precise comparisons. However, the

general trend of fish populations and diver-

sity is consistent with the more eutrophic

conditions af the bay at the present time.

An increase of nutrients and salinity of the

bay waters has altered fish populations to

some degree. The data suggest that the bay

is more nutrient-rich, but not so much so

that it is uninhabitable

EnCon has recently embarked on a large-scale

salmonid stocking program in the Lake Ontario

watershed. The waters of the Irondequoit Bay

watershed, especially those of Irondequoit

Creek, have been noted for their excellent

potential as trout waters  Greene, 1939!.

Because of the present polluted status of

these waters, natural salmonid populations

are difficult to maintain, except in the upper

reaches of the streams. Details of the fish

populations in the bay tributaries are found

in Hennigan �970!.

In the spring of 1974, roughly 10,000 steel-

head trout smolts  Salma gairdsari irideecene!

were stocked in the headwaters of Irondequoit

Creek. Steelheads were chosen as the best

suited of the salmonids for the recreational

needs and demands of this area. In past

years, these streams have been stocked with

large numbers of brown trout  Salmo 5rst0a!.

It is haped that the steelheads will survive

conditions in the lower bay areas, migrating

into Lake Ontario, where they will grow rap-

idly. If successful, an annual run of

Information on bacteriological studies of the

Irondequoit Bay drainage basin and Lake Ontario

is available from the Monroe County Public

Health Department. Department reports deal

with bacteria in the aquatic system, calculated

by most probable number  MPN! counts and fecal

coliform tests of waters leaving the various

sewage treatment plants in the bay's drainage

basin and waters near public beaches of the

Lake Ontario shoreline. Extremely high MPN

counts, recorded throughout the bay's tribu-

taries, generally reflect the large volume of

domestic sewage discharged into the bay.

Localized high bacteria counts pinpoint the

entry of additional STP effluents, inadequate

storm and domestic sewage drainage along the

bay shore, and runoff from landfill sites.

Public Health Department records have revealed

that the tributaries of the bay are a potential

disease hazard, making their shores unfit for

access. Because of the high fecal pollution

input from sewage outflows throughout its drain-

age basin, Irandequoit creek is not a self-

cleansing body of water.

Aside from localized high bacteria counts, the

waters of Irondequoit Bay are safe for recrea-

tional use. Of course, the bay cannot be unaf-

fected by the high volume of STP effluent, but

this should be substantially reduced upon com-

pletion of the sewage-interceptor system at the

Durand-Eastman STP. Compared to bacteria counts

for the Lake Ontaria shore, those for Irondequoit

Bay are low. The extremely high lakeshore counts

are due to the influence of the Genesee River and

the general polluted condition of the Lake On-

tario shoreline region.
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US ARHY CORPS OF ENGINEERS PROPOSAL

A report filed by the chief of engineers,

Department of the Army, dated April 15, 1955,

presented the preliminary plan resuLting from

an examination of Irondequoit Bay. This pro-

posal, sent to the 84th Congress, second

session, called for the opening of a new

channel from Irondequoit Bay to Lake Ontario

on the far eastern arm of the bay.

The original plan has since been changed,

calling for construction of a wider and

deeper channel at the site of the present

opening of the bay on its northwestern shore

 Fig. 4!. The existing project was authorized

by the 1958 Rivers and Harbors Act, amended

in 1968, and provides for:

a! an entrance channel Located at the

existing outlet of the bay, 8 feet �.4 m!

deep and 100 feet �0.5 m! wide, extending

from the 8-foot depth in Lake Ontario to junc-

tion with the inner bay channel;

b! an inner channel, 6 feet �.8 m! deep

and 100 feet �0.5 m! wide, from the entrance

channel ta deep water in the bay, a distance

of about 3,100 feet  945 m!;

c! a 6-foot �.8 m! deep access channel

and mooring area leading from the junction of

the above channels, 1,600 feet �88 m! in

length, for use in connection with the public

marina development for small baats to be pro-

vided by nonfederal interests;

d! parallel jetties, about 180 feet

�4.9 m! apart and 730 feet �22.5 m! long,

extending into the lake to protect the en-

trance channel;

e! replacement of the existing fixed

railraad bridge across the existing autlet

with a new, movable structure spanning the

improved entrance channel; and

f! removal of the existing highway bridge

across the existing outlet  US Army Corps of

Engineers, 1968! .

The estimated federal cost of the existing

project was $2,880,000 at June 1971 price

levels. In addition, the investment required

FOR OPENING IRONDEQUOIT BAY

of local interests for construction of th<!

project was $1,174,000, of which $923,000 was

to be a cash contribution. Federal expen<ii.�

tures as of June 30, 197l were $133,072. The

project received Congressional approval, !nd

the necessary funds were appropriated  US Army

Corps of Engineers, 1968! .

One of the more recent problems confronte<i by

the Corps of Engineers in its dredging pr<!ject

of the ROchester Barbar in the lower Gene:!ee

River was sediment disposal. The corps w ls

acting under the Rivers and Harbors Act o.

1970, which states that the dumping of po.LLuted

material into Lake Ontario must be termin !ted

"at the earliest possible date," Alterna".e

solutions to this problem were outlined b < the

Honroe COunty Management Council �972a,b c!.

The Environmental Protection Agency  EPA! is

committed to pollution abatement through !d-

ministrative action and through the US At..or-

ney General's Office. EPA will provide 75 per-

cent of abatement construction costs, and will

also evaluate proposed disposal sites and re-

view environmental impact statements for:.ed-

erally funded prajects under the National En-

vironmental Policy Act of 1969. New EPA pollu-

tion abatement standards, now being proposed,

will determine the fate of dredged spoils from

Irondequoit Bay.

In 1971 the New YOrk State Legielature pa<!Sed

a law prahibiting the closing of Route 18 until

the Irondequoit-Wayne County Expressway i<! com-

pleted. However, there are no funds avai Lable

now for completion of this highway.

The presence of the railroad bridge across the

bay outlet is another problem to be solve<! be-

fare the project can be initiated. There is in-

sufficient evidence to determine whether <>r not

the Hojack Line of the Penn Central Railr<>ad

should be continued. Because of the f inancial

status of the railroad, obtaining the nec<!ssary

information may take a long time.



FIGURE 4 Corps o f Engineer s ' Proposed Plan for' Opening
the Outlet of Zrondequoi t Bay

N

2.8

Sour'ce: US Army Cor ps of Engineers  F868!.
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GENERALIZED EFFECTS OF DREDGING OPERATIONS

development.

channel.
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With increasing population and industrial

development, the United States has become

more aware of environmental considerations.

This has been particularly true in the Great

Lakes region: pollution has contributed to

many changes in the biological communities

of the Great Lakes  Beeton, 1969!. The Great

Lakes harbors are generally the most polluted
areas of the lakes drainage basin, because of

associated industrialization and residential

The effects of dredging operations were

studied in Chesapeake Bay  Biggs, 1968!, in

Rhede Island Sound  Saila et a1, 1968!, off

the Florida coast  Ingle, 1952!, and along

the coast of the Gulf of Mexico  Mackin, 1961!.

The chemical, physical, and biological effects

of the Corps of Engineers dredging operations
in the Great Lakes were examined by the corps
itself �969! This study provides a compre-
hensive bibliographic listing of the biologi-
cal effects of dredging. For a comparison of
dredging operations close to Irondequoit Bay,
consult US Environmental Protection Agency

�973!; this study details the dredging opera-
tions conducted by the Carps of Engineers for

Barcelon, Dunkirk, Buffalo, Niagara River,
Wilson, Olcott, Rochester, Little Sodus Bay,
Great Sodus Bay, Oswego, Cape Vincent, and

Ogdensburg Harbors. It was reported that up-
wards of 97 percent of the dredged sediments

fram these harbors are polluted. Generally,
the study showed a temporary increase in

turbidity, nutrient levels, and chemical oxy-
gen demand  COD! in the vicinities of the

dredged area and the disposal area. This is

accompanied by a high but short-lived killoff

of resident invertebzates and fish. Gannon

and Beeton �969, 1971! demonstrated that

dredged materials are toxic to benthic organ-
isms. They conducted bioassays using the

amphipod Pontopoz cia af finis, a pollutian-

intolerant species of the Gzeat Lakes region.

Eight Great LakeS harbors were tested  Great

Sodus Bay was the closest to Irondequoit Bay!

The viability studies showed a different re-

sponse for each of the harbors tested; Great

Sodus Bay waters caused the lowest martality.
Mortalities may be correlated to the biologi-
cal and chemical oxygen demand of the seii-

ments. They suggest that further experi!sen-

tation on the effects of dredged materiaLs on

aquatic life include analysis of organic com-

pounds, heavy metals, and pesticides.

Rees �959! studied th* effects of strea!«

dredging on young coho salmon  Oncoryhnch«s
hie«toh! and bottam fauna in Little Bear Creek,
a tributary of the Sammamish River northeast

of Seattle, Washington. Dredging elimin«ted
97 percent of the bottom organisms in th<! test
area. Reduced fauna populations persist<!d for
five months but within ten months had re<:overed

completely. Salmon and trout fingerlings
showed 69 percent and 81 percent mortality,
respectively, immediately after dredging.
Fish kills were attributed to the dredging
apparatus, destruction of food supply, ar.d
elimination of suitable living areas, Pcpu-
lation estimates made one year after the be-

ginning of the dredging compared favorably
with pre-dredging numbers. Bottom rehabita-

tion by organisms reflected the changed water
flow and bottom characteristics of the new

Dredging of Boca Ciega Bay, Florida is reported
to have caused a $1.4 million annual loss in

fishery products. Minimum annual losses of

biological resources are estimated at 25,841

metric tons  MT! of sea grass, 73 MT of fishery
products, and 1,091 MT of bottom-dwelling ani-
mals. "Inestimable" losses were reported--the
result of sedimentation, turbidity, and domestic
sewage  Taylor and Saloman, 1969!.



POSSIBLE BIOLOGICAL IMPACTS OF ENLARGING THE CHANNEL OUTLET OF IRONDEQUOIT BAY

Dredging Xrondequoit Bay as proposed by the

Corps of Engineers would result in immediate

chemical changes through disruption of the

sediments in the dredge site; 1! there would

be a sharp rise in the COD from the increased

organic material released into the water  this

tends to deplete oxygen in the immediate

dredge area!; 2! phosphates would increase;

3! soluble nitrogen, if present in the sedi-

ments, could increase; 4! heavy metals and

pesticides, which could also be contained in

the sediments, would be released into the

water; and 5 ! turbidi ty would also i ncr e as e

and would pexsist, depending on the particle

size of the sediment materials. Some of the

chemical effects would be short-lived. How-

ever, introducing heavy metals, pesticides,

and major plant nutrients into bay waters,

which could have more prolonged effects, rep-

resent potentially hazardous impacts to the

bay environment. Until sediment analysis is

completed, evaluating changes in the bay's

chemistry can be made only by speculation and

comparison to other dredging operations'

Zn the immediate area of the dredging site,

rooted aquatic plant populations would be

greatly disrupted. increased nutrients in the

waters of the dredge site could increase

phytoplankton populations, and would contrib-

ute to the turbidity of these waters. An

increase in turk idity would reduce light pene-

tration and would be expected to limit vascu-

lar plant recolonization and the depth at

which phytoplankton populations could exist.

A large number of benthic organiams wOuld

probably be eliminated from the dredged areas.

Predominant surviving forms would most likely

be the more pollution-tolerant species. Re-

colonization should be fairly rapid unles:

toxic materials are released from the sed.�

ments. Recolonization would be most clos~ ly

related to the substrate type of the new chan-

nel and the mobility of each species.

In the immediate dredging site, fish popu'.a-

tions may become severely reduced from the

mechanical operation of the dredging oper i-

tion. Additional fish population reductions

could result from: l! depleted oxygen in the

surrounding area, 2! release of toxic materi-

als, 3! reduction of food supplies caused by

disrupted food webs, and 4! clogging of the

gills by increased particulate matter in the

water. Longer-term effects on fish popula-

tions would include: l! elimination of suit-

able living areas, 2! disxuption of spawning

and migration patterns, 3! elimination of food

organisms, and 4! destruction of spawning

sites. TherefOre, dredging planS should take

into consideration the spawning activities of

the more important sport and forage species,

making the time of year one of the more crucial

aspects.

Other considerations include the need for draft-

ing of regulations and recommendations foz the

use of Irondequoit Bay. The success of the bay

opening may well depend on proper use and envi-

ronmental considerations af'ter the channe1. has

been dredged.
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A number of recommendations are offered for

further research before the Corps of Engineers

initiates its dredging project:

1! A comprehensive study of the sediments

in the dredging area is of utmost importance
to determine that no potentially harmful mate-

rials are released into the bay.

2! No extensive information on benthic

and zooplankton communities is now available.

Because these organisms are important in the

aquatic food web, such information is neces-

sary to evaluate the consequences of opening

the bay.

3! Information is lacking on fish move-

ment into and out of the bay. Such knowledge

may prove useful in establishing a sportfish-

ery in Irondequoit Bay.

4! There is suffici,ent information Re-

tailing the chemical and physical aspects of

the bay waters. However, diversion of s mage

effluents out of the bay may substantially

alter the chemical composition of the waCer.

If effluents are diverted, studies should then

be made to determine the effects.

5! Studies should be conducted duri.sg the

actual dredging to evaluate the short-teen and

immediate effects of the operation, and Follow-

up studies should be conducted to determine

the long-term effects on the bay's chemi:al,

physical, and biological characteristics,
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