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ABSTRACT

Tampa Bay is an estuary located on the west coast of Florida. One-
sixth of the state's population lives in the three counties bordering
its shores.

During the last 100 years four major types of dredging have impacted
the bay: channel deepening, maintenance dredging, shell dredging, and
dredging for landfill construction. These impacts range from the
economic benefit provided by channel and port construction for what is
now the eighth largest port in the nation to the environmental damage
caused by dredging to create over 5,000 ha of landfill in the bay for
residential, commercial, and dredged material disposal use. These
landfills have resulted in the loss of 44% of the original marine
wetlands bordering Tampa Bay.

Recent environmental concerns have halted landfill dredging and
severely restricted maintenance dredging. Research on shell dredging in
the bay indicate minimal impact if carefully controlled. New channel
deepening and open water disposal of 55,000,000 m3 of dredged material
is planned as part of the Tampa Harbor Deepening Project, now in pro
gress. This project has undergone intensive review and modification as
a result of environmental concern by both citizens and scientists.

During the 1960s, the population of Florida increased 37% from 4.9
million to 6.8 million, while the United States as a whole showed only
a 13% increase. Three out of four of these new residents migrated from
other states. The 1976 population is estimated to be 8.7 million with
74% of this number living on 28% of the land area, the coastal zone
(Division of State Planning, 1976). Of the 40 estuarine study areas
examined by McNulty et al. (1972) Tampa Bay is second only to the
Florida Bay system in size (Fig. 1). One-sixth of the state's popula
tion lives in the three counties bordering the bay, Hillsborough,
Pinellas, and Manatee.

Tampa Bay is divided into six sub-areas (Fig. 2): Old Tampa Bay,
Hillsborough Bay, Upper Tampa Bay Proper, Lower Tampa Bay Proper, Boca
Ciega Bay, and Terra Ceia Bay. Representative physical and chemical
parameters for these sub-areas are also given in Figure 2. Olson and
Morrill (1955), using as a basis a 1943 chart, determined the total area
of the bay to be 90,500 ha with a shoreline of 320 km. As noted by
Simon (1974) alterations to the bay since that time have made these
figures obsolete. For example Olson and Morrill (1955) list the shore
line of Boca Ciega Bay as 42.3 km while Simon (1974) using a 1971 chart
found it to be 199.6 km. The author is presently updating the work of
Olson and Morrill (1955) using 1976 charts. These same authors noted
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Figure 1. The Tampa Bay Estuary, Florida.
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that "Tampa Bay may readily be classed as a shallow body of water since
the modal depth is but 9.7 ft and 90% of its area has a depth less than
22 ft" (9.7 ft = 3.0 m, 22 ft = 6.7 m).

The subtropical climate of the Tampa Bay area supports both trop
ical mangrove forests and temperate tidal marshes along the shores of
the estuary. Latest measurements, made with the assistance of the U.S.
Geological Survey, Tampa office, show 5,630 ha of these intertidal
marine communities remaining in the bay. This represents a 44% decline
from those present in 1876 (Lewis, unpublished). The value of these
communities in the production of detritus and their role in marine
productivity in south Florida estuaries has been well documented by
Heald (1971), Odum (1971), and Odum and Heald (1972). Submerged vege
tation in the estuary consists of five species of seagrasses and 216
species of algae. Taylor (1971) estimated 8,500 ha of bay bottom was
vegetated by seagrasses and conspicuous benthic algae.

Sykes and Finucane (1966) report twenty-three species of major
importance in Gulf of Mexico commercial fisheries occur in Tampa Bay
during immaturity. Old Tampa Bay harbored greater numbers of these
species than any other area. Hillsborough Bay, similar in salinity
regime, harbored fewer important species than any other area.

The reader is referred to Olson and Morrill (1955), Taylor (1973),
and Simon (1974) for complete literature reviews and detailed discus
sions on the present status of the estuary.

During the last 100 years four major types of dredging have im
pacted the bay: channel deepening, maintenance dredging, shell dredging,
and dredging for landfill.

Channel Deepening

Tampa Bay has provided protected anchorage for ships since the 16th
century, including vessels carrying Ponce de Leon and Hernando de Soto
(Lohse et al., 1969). The shallow depths were sufficient until the
drafts of vessels had Increased and deeper channels than naturally
existed were necessary. Since dredging first began in Tampa Bay in
1880, 107 km of channels have been created (Taylor, 1973). The material
dredged from these channels has been placed adjacent to the channels as
submerged or emergent spoil areas (Fig. 3), or used as landfill for
shoreline development (Fig. 4, 5, 6, 7). As can be seen in these
photographs this type of dredging has produced large turbidity plumes
from uncontrolled overflow in spoil areas and cutterhead disturbance of
the sediments. Illegal filling of submerged land (under the juris
diction of the State of Florida) occurred routinely in the 1960s and
penalties were minimal. Often the illegally filled land was sold to the
dredging company after filling and resold at a good profit far in excess
of the fine or cost of dredging. The filling of Redflsh Creek in Lower
Tampa Bay in 1969 (Fig. 4) is an example where the land was filled
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Figure 3. Dredging at Port Manatee, Lower Tampa
Bay, September, 1968. The dredge and the channel
it is cutting can be seen at the arrow. The diked
port area and the undisturbed Redfish Creek man
grove forest (upper right corner) are at the top
of the picture.

without permits and the fill left in place instead of being ordered
removed. The area is still severely damaged in 1976 and it is unlikely
it will ever recover. This blatant disregard for dredge and fill permit
procedures has finally led to more recent illegal fills being ordered
removed at the expense of the dredger. This kind of enforcement has
significantly reduced the incidence of illegal filling in Tampa Bay.

Sherk (1971) has discussed in detail the effects of suspended and
deposited sediments on estuarine organisms. These include loss of
habitat, decrease in euphotic zone depth, (increased) oxygen demand,
nutrient sorption and release, (decreased) primary productivity, benthic
community disruption, direct mortality and other gross effects. The
reader is referred to this source for more detailed information.
Unfortunately, little research has been done on the effects of channel
dredging and spoil disposal in Tampa Bay. Complete and permanent
destruction of benthic communities and intertidal marshes and mangrove
forests is an obvious result (Fig. 3, 4, and 5). Most of the effects
discussed by Sherk (1971) are less obvious and little studied. Taylor
(1973) describes five sediment groups for Tampa Bay: deep ship channel,
soft spoil, firm spoil, soft undredged, and firm undredged. The firm
bottoms supported the largest number of individuals and species while
the ship channel supported the least. Results from shell dredging
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Figure 4. Dredging at Port Manatee, Lower Tampa
Bay, June 1970. The channel creation and filling
for the port is complete. Excess fill has been
placed in the Redfish Creek mangrove forest,
totally destroying it, and additional fill can be
seen smothering the offshore seagrass meadows. No
permits were issued for this work.
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research (discussed later) indicate rapid recovery of benthic communi
ties disturbed by small, target specific dredging projects. Some
recovery in some older submerged spoil disposal sites is evident from
the data of Taylor (1973). How long this took is not known. Recovery
of disturbed seagrass meadows is extremely slow after dredging (Godcharles,
1971) or even motor boat prop damage (Zieman, 1976). No complete survey
of the area occupied by seagrass meadows in Tampa Bay has ever been
made, thus it is impossible to determine at the present time what damage
has been done to this valuable habitat. The work of Taylor and Saloman
(1968) in Boca Ciega Bay assumed a standing crop of 798 kg/ha (dry
weight) of seagrasses over the total fill area of 1, 400 ha, even though
some of the filled areas were bare. This was felt to be a reasonable
compromise since actual measurements of the area of seagrass meadows
lost was probably not feasible.

An additional problem of open water spoil disposal from channel
deepening is the possible impedance of normal circulation in Tampa Bay.
In a report prepared by the Federal Water Pollution Control Administra
tion on water quality problems in Hillsborough Bay (F.W.P.C.A., 1969)
the following recommendation was made:
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Figure 5. Port Manatee, Lower Tampa Bay,
November 1972. Arrows indicate the extent of
smothered seagrass meadows offshore of the
filled area that was previously Redfish Creek.
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A master plan for dredging and filling in Hillsborough
Bay should be developed by the pertinent federal, state,
and local operating and regulatory agencies. Certain
spoil islands, resulting from channel dredging, which
impair circulation, flushing and exchange in the Bay,
should be removed and maintenance spoil dredging mate
rial should not be deposited in the Bay.

This recommendation resulted from dye tracer studies in conjunction with
studies on the impact of sewage pollution in Hillsborough Bay, where
most of the impeded circulation problems were believed to exist. This
recommendation was endorsed by the U.S. Army Corps of Engineers (1970)
in planning for the Tampa Harbor Deepening Project and a study was
undertaken by the U.S. Geological Survey jointly funded by the Tampa
Port Authority and the Corps of Engineers. The study included water
quality sampling, gathering and analysis of current and tidal data, and
use of a hydrodynamic digital computer model of the bay. Goodwin (1976)
reports the results of five model runs (historical, existing, and three
proposed modifications as part of the Harbor Deepening Project) as
follows:

Analysis of model results for simulation of channel improve
ment plans tested indicate that significant modification to
the existing circulation pattern in Hillsborough Bay is
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Figure 6. Channel dredging and filling to create
Port Redwing in Hillsborough Bay, 1968. The
fill site is incompletely diked and silt has
spilled out and surrounded two Audubon Society
Sanctuary Islands (arrows) and smothered
submerged vegetation.
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possible. These analyses indicate that each improve
ment plan has desirable circulation features, but none
provides a significantly improved flushing link between
Hillsborough and Tampa Bays. Since little interchange
existed between the two bays under natural conditions,
the potential for significant circulation improvement
is probably small for any spoil-island configuration.

Thus the conclusion that historical patterns of spoil deposition have
impeded natural circulation is not supported by the U.S. Geological
Survey, and while some improvement in circulation within Hillsborough
Bay is possible, improved flushing from this highly industrialized
portion of the bay is not felt possible. It should be noted that these
conclusions are questioned by some scientists including those Involved
with a second computer model of the bay in operation at the University
of South Florida. Further data gathering during the postdredging phase
of the Harbor Deepening Project will hopefully resolve this question.
Present plans for the project, which has been started, include dredging
of "circulation cuts" through submerged spoil banks to Improve internal
circulation in Hillsborough Bay (Fig. 8). The entire project is sched
uled to be completed in 1982 at a cost of $120 million. A total of

55,000,000 m3 of material will be dredged to widen and deepen the main
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Figure 7. Deepening of East Bay (Upper Hillsborough
Bay), September 1967. Material dredged was used to
fill in submerged land and mangroves for a phosphate
loading port facility.
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ship channel from 10 to 13 m (existing depth 34 ft, finished depth 44
ft). There have been a number of revisions to the planned spoil dis
posal plan due to concern raised by scientists and lay citizens. All
the spoil material is planned for open water disposal in the bay and an
extensive monitoring program is planned in order to avoid the siltation
problems previously seen in this kind of dredging (e.g., Fig. 3). In
addition diked disposal areas will be created in Hillsborough Bay in
order to contain much of the Harbor Deepening spoil and future main
tenance spoil (see following section).

One of the unique features of the spoil disposal plan for Hills-
botough Bay (Fig. 8) is the creation of emergent recreation and wildlife
islands. Their design is based on the wjork of Lewis and Dunstan (1975)
on use of spoil islands by colonial seabirds in the Tampa area for
nesting. Two islands located at the mouth of the Alafia River in
Hillsborough Bay (Fig. 9) support large nesting colonies of seabirds
including Brown Pelicans and White Ibis (Fig. 10a). In addition two
species previously only occasionally observed in the Tampa Bay area have
recently nested on these islands. Paul, Meyerriecks, and Dunstan
(1975) report the Reddish Egret, rare in Florida since 1900, nesting on
Bird Island in May 1974. The Roseate Spoonbill, last seen nesting in
Tampa Bay in 1912, was reported nesting on Bird Island in April 1975
(Dunstan, 1976) (Fig. 10b). Part of the reason for the recent intensive
use of these islands lies in the massive alteration to the submerged bot
toms and feeding areas surrounding the traditional nesting sites by
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Figure 8. Proposed spoil disposal plan, Hillsborough Bay.
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Figure 9. Two spoil islands at the mouth of the
Alafia River, Hillsborough Bay. The upper island
(Sunken Island) was created in 1961 and the lower
island (Bird Island) was created in 1931. Sixteen
thousand pairs of birds nest here annually.

Lewis

13

dredging in 1966-67 (Fig. 7) and the loss of shoreline habitat to
dredging and filling. It is hoped that the creation of islands from
dredged material and properly planting them with native vegetation will
provide additional habitat for colonial seabirds in Tampa Bay.

Finally it should be noted that the economic impact of channel
deepening on the surrounding communities has been enormous. Cargo now
being handled at the port is in excess of 42 million tons per year.
This is an increase from 3,945,000 tons in 1940 and 25,898,000 tons in
1967. The port is the.eighth largest in the nation with principal
exports of phosphate and phosphatic products and imports of petroleum
products, sulphur, and meats (Corps of Engineers, 1974). It has been
estimated that the port provides jobs for some 36,000 wage earners with
an annual salary of $210 million. The port is obviously an important
part of the local economy and it is hoped that additional channel
deepening to maintain the port can be accomplished with much more care
and concern for the natural environment.

Maintenance Dredging

Once channels are deepened they must be maintained through dredging.
Natural sediment inputs as well as man induced sediment input (e.g., sewage,
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Figure 10a. White Ibis (Endo-
cimus albus) photographed in
their nesting colony on Sunken
Island, April 1975.

Figure 10b. Roseate Spoonbill (Ajaia ajaja) nesting
in a black mangrove tree (Avicennia germinans) on Bird
Island, April 29, 1975. (From a slide taken by Helen
Cruickshank for the National Audubon Society.)
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Figure 12. Diked upland disposal site for main
tenance dredged material at Port Manatee, October
1976.
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Maintenance dredged material will be hydraulically pumped into these
diked areas and they are planned to hold the amounts of material to
be generated over the next 30 years. The long term containment of much
of the contaminated spoil in the upper harbor (due to sewage discharged
from the City of Tampa sewer plant - 40 MGD - presently only primary
treatment) is expected to improve the long term water quality picture
for Hillsborough Bay. whether this will offset the loss of benthic
habitat due to the creation of the disposal sites is impossible to
determine at this time.

Shell Dredging

The dredge mining of dead oyster shell from Tampa Bay has taken
place since 1946. Nearly 18 million tons of shell has been removed
since operations first began (Taylor, 1972). The process involves
removal of the shell and associated sediment by hydraulic cutterhead
dredge, sorting over screens, and return of water and fines to the bay
(Fig. 13). The silt plume associated with this unused material has been
of major concern to regulatory agencies and the boating public. In
addition concern has been raised about the destruction of benthic

organisms and the long term modification of the biological communities
in the dredged areas.

A recently completed long term effects study (Simon, Doyle, and
Connors, 1976) has reached the following conclusions:
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Figure 13. Shell dredging in Hillsborough Bay,
October 1972.
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1. Total suspended load within the plume raised by shell
dredging ranged from about 20 mg/1 to over 50 mg/1, close
to background to about one and one half times ambient.

2. Light penetration within the dredge plume varied from 100%
transmission to a low of about 10% transmission over a 1
meter light path. Most measurements within the plume were
over 80% transmission. Both suspended load and percent
transmission Indicated that the highest suspended loads
usually occurred near the bottom.

3. Biologically, the area disturbed by shell dredging returned
to the same species assemblage, had the same number
of species, the same density patterns, and the same or
slightly lower biomass than undisturbed bay bottom
within less than 12 months.

As noted by the authors their results are very similar to those of
previous workers in Tampa Bay on shorter term studies and to those of
researchers in San Antonio Bay and Mobile Bay. In relation to other
dredging in the bay, however, the report cautions:
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...it must not be assumed that the massive Corps of Engineers
project to deepen the Tampa Harbor shipping channels can in any
way be compared to the effects of a small, tightly controlled,
target specific shell dredging operation. Large amounts of
fine material which may be thrown up by several large dredges
operating simultaneously could have a serious sedimentation
impact on portions of Tampa Bay.

The remaining estimated 15 million tons of shell is presently being
mined under strict supervision by state and federal agencies.

Dredging for Landfill

McNulty, Lindall and Sykes (1972) calculated that in 1967 filled
areas (including spoil islands, causeways, housing and industrial fill)
in the Tampa Bay Estuary totaled 4,266 ha. Nearly all of this was
created through dredging submerged or intertidal bay bottom and pumping
the spoil into emergent land sites, creating land where there were once
mangroves, tidal marshes, or seagrasses. Taylor and Saloman (1968)
report the expected impact of the filling of 1,400 ha of bay bottom in
Boca Ciega Bay that has occured since 1950 and reduced the total area of
the bay by 20%. Their minimum estimates of annual loss of biological
resources are 25,841 metric tons of infauna. This represents an annual
loss of about $1.4 million. Passavant and Jefferson (1976) have recently
rechecked the estimates of filled areas in Boca Ciega Bay and revised
the total figure upward to 2,200 ha including some fill on emergent land
that was covered and enlarged by dredge materials.

The characteristic "finger fill" type development of Boca Ciega Bay
(Fig. 14) and elsewhere in Tampa Bay (Fig. 15) permanently destroys the
benthic community and associated vegetation in the fill site and creates
a dead end canal system that supports much fewer marine organisms
(Sykes and Hall, 1970).

Hillsborough Bay has been greatly modified by dredging, primarily
for industrial sites and port facilities, as can be seen in comparing
Figures 16 and 17. Figure 16 is redrawn from Coast Chart 177 dated
1879, and shows the existing marine wetlands at that time, 2,378 ha.
Figure 17 is redrawn from National Ocean Survey Chart 11412 (1975) and
shows 400 ha of wetlands remaining. This represents a total loss of
83.2%. For Tampa Bay as a whole our research indicates a total loss of
44%, from 10,050 ha in 1876 to 5,630 ha in 1976.

what effect has this massive alteration to Hillsborough Bay had?
Taylor, Hall, and Saloman (1970) report on the results of sampling for
mollusks in Hillsborough Bay in 1963. Their analysis of benthic mol-
lusks and sediments at 45 stations revealed no mollusks at 19 stations,
one or more of the four predominant species at 18 stations, and numerous
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Figure 14. Boca Ciega Bay, September 1976.

Figure 15. The Apollo Beach dredge and fill
project in Upper Tampa Bay, August 1969.
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FiRure 16. Hillsborough Bay and associated wetlands (2,378 ha)
1876.
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Figure 17. Hillsborough Bay and associated wetlands (400 ha) 1976.
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species and large numbers of individuals at only 8 stations. From
this information they concluded that 42% of the bay bottom was unhealthy,
36% marginal, and 22% healthy. Since 1963 six of the eight healthy
stations have experienced large scale dredging impacts including channel
deepening, spoil deposition, and filling of adjacent wetlands. As noted
before the work of Sykes and Finucane (1966) has shown that Hillsborough
Bay supports much fewer of the commercially important species than any
other area of Tampa Bay. It should be pointed out that in addition to
dredging sewage pollution has had a significant impact on Hillsborough
Bay. Of the estimated 101 MGD of sewage entering Tampa Bay, 47% flows
into Hillsborough Bay, most of it poorly treated. A new advanced waste
treatment facility is scheduled for completion at Hookers Point (in
Hillsborough Bay ) in 1977 and will hopefully assist the recovery of
this portion of the bay. It is during this same year that the major
impact of the Hillsborough Bay portion of the Tampa Harbor Deepening
Project (Fig. 8) will begin, and many scientists justifiably wonder how
much more Hillsborough Bay can take.

As a result of the loss of wetland habitat and continued pollution
in Tampa Bay commercial harvests of marine finfish and shellfish have
declined. The figures in Table 1 show the commercial landings and value
of Florida Gulf Coast fisheries (Taylor, Feigenbaum, and Stursa, 1973;
Florida Department of Natural Resources, 1971; 1972).
Although definite conclusions cannot be drawn from these figures there
are certain trends that are disturbing. With increasing population and
demand for seafood products the available fisheries appear to- be declining.
Their value at dockside to the fisherman will continue to increase, and
so the price to the consumer. The general increase in environmental
awareness and the obvious increase in the cost of marine products and
their declining numbers convinced commercial fishermen, sports fisher
men, and consumer that something had to be done. The result has been
increased opposition to the issuance of dredge and fill permits, particu
larly for projects where water access was not absolutely essential. The
recent denial of the Marco Island dredge and fill permit for most of the
remainder of the controversial project saved over 80 km of mangrove
shoreline from destruction, and represented a turning point for this
kind of project. It is unlikely that any further massive dredge and
fill such as has occurred in Boca Ciega Bay and Hillsborough Bay will
ever be permitted again. With increased attempts to clean up other
sources of pollution in estuaries like Tampa Bay it is certainly pos
sible that the decline in catches shown in Table 1 will reverse, al
though the losses may be so great that catches of 135 million pounds
(1960, 1965) may never occur again.
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YEAR CATCH (1,OOP's of lbs) VALUE ($1.OOP's)

1950 62,013 9,995
1951 88,271 15,414
1952 101,135 19,254
1953 108,027 25,372
1954 97,521 19,815
1955 105,756 21.19P
1956 107,594 24,582
1957 1P9.275 24,205
1958 126,585 24,258
1959 131,887 18,191
1960 135,535 21,048
1961 125,379 20,303
1962 119,607 24,921
1963 124,683 22,477
1964 129,659 24,165
1965 135,866 26,866
1966 125,975 24,984
1967 114,408 23,118
1968 119,293 27,809
1969 116,500 29,500
1970 116,470 31,222
1971 107,485 31,187
1972 108,201 38.622

lb x 0.453 = kg
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Abstract

Nineteen active spoiling sites located in Long Island Sound regu
larly receive dredge spoils from harbor maintenance projects princi
pally from the Connecticut coast. Over 1 1/2 million cubic yards of
spoil is dumped at these 19 sites each year. Most spoiling is confined
to water depths greater than 60 feet, 2 1/2 to 5 nautical miles from
the Connecticut coast.

The New Haven spoiling ground is the best studied in Long Island
Sound. Yale University and University of Connecticut researchers have
studied the biological effects of a 1 million cubic yard dump at a
containment site south of New Haven, Connecticut. This study, initiated
in 1972, continues to the present time.

Since April 1974 (cessation of dumping at the New Haven site) the
number of bottom-dwelling species and their population densities are
2-3 times higher on the dump site relative to the ambient seafloor.
Few species are common to both the dump ground and the ambient seafloor.
The observed biological enhancement was predicted on the basis of
earlier field experiments and ecologic theory.

A short-term increase in bottom productivity on a spoiling ground
(or any physically disturbed bottom) is expected where the spoils are
relatively clean. Dredging procedures can be designed, in many cases,
to insure a clean dump surface for larval settlement and colonization.

A preliminary dredging policy has been drafted by the State of
Connecticut on the basis of the New Haven dump-site research and from
data available from other well-studied dump operations.

Introduction

The recovery of plant and animal populations following a major
disturbance* has been documented for several terrestrial and a few

*For this discussion I define a disturbance as an event, or events,
that produces major reorganization of a community. While disturbances
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marine communities. Many aspects of recolonization are remarkably
similar considering differences in habitat and participating species
suggesting evolutionary convergence in survival strategies. Although
disturbance may result in large changes in species composition,
organism abundance, and levels of production, it is incorrect to
assume that disturbance invariably results in reorganizations that
are less productive or diverse than the predisturbed state. This
assumption is often made, however, resulting in polarized debate on
issues of environmental management.

Evaluating man's effect on the coastal zone requires an under
standing of the resiliency of bottom communities to disturbance. We
know little about rates of recolonization and sequence of species
appearance following a disturbance; the relationship between stage
of colonization and consumer productivity is, at best, a guess.
Until these questions are addressed, results from myriad pollution
studies now being carried out in coastal waters will, at best,.permit
only limited statements about short-term effects of specific stress
factors and contribute little to prediction of long-term changes or
recovery of community structure.

In order to approach these problems I present a brief summary of
results of an on-going study of colonization following a seafloor dis
turbance in the form of a sedimentary spoil. More detailed data is
available in Rhoads, Aller, and Goldhaber (1977).

Maintenance of harbor channel depths and shoreline construction
generates over 11/2 million cubic yards of dredged material each year
in L.I. Sound. Most of this sedimentary material Is barged to spoil
ing sites in water depths greater than 60 feet, 2 1/2 to 5 nautical
miles from the Connecticut coast (Fig. 1). This study is limited to
the New Haven spoiling ground. Historically this site has been an
active repository for maintenance spoils.

Study Area

Between October 6, 1973, and April 23, 1974, over lO^m3 of
organic-rich silt and sand were dredged from the New Haven Harbor
ship channel and dumped at a buoy in 18 meters of water about 10 km
south of the harbor mouth (Fig. 2). Dredging was scheduled so that
the most heavily polluted inner harbor sediment was buried below

have diverse origins, effects, and occur on a wide range of time-
space scales, I limit my discussion to local and intense physical
disruption of the estuarine seafloor within the frequency range of
21 to ilO years. I will concentrate on demographic effects on
bottom-living invertebrates.
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clean sand from the outer harbor. The last few barge loads produced
a more or less continuous sand cap up to several centimeters thick over
the dump surface. Within a few weeks this sand cap was, in turn,
covered with a layer of silty mud a few millimeters thick resuspended
from the ambient seafloor by tidal-current scour.

After April 23, 1974, no further dumping took place. Observa
tions on colonization began on July 18, 1974, and extended through
August 1976, a period of 792 days.

A reference station (RS) was located on the natural silty-clay
bottom 5.5 km northwest of the dump on a topographically flat bottom
that historically has not experienced dumping. This area is charac
terized by a relatively predictable assemblage numerically dominated
by the polychaete worm Nephtys incisa and the protobranch clams Nucula
annulata and Yoldia limatula.

Methods

Sampling was done by SCUBA divers taking box cores with an area
of 0.045 m2 or from shipboard using a Van Veen Grab with an area of 0.25
m2. Recovered samples were washed through a 1 mm mesh sieve and retained
organisms identified and counted.

Results

Because the resolution of colonization events has been set by
sieve size, sampling area, and sampling frequency, I can only roughly
estimate when faunal densities reach an acme on the dump. This appears
to be in November 1974, approximately 200 days after dumping (Fig. 3).
During late fall of 1974 and winter 1975, the dump maintains mean
abundances of 1000 to 2000 individuals (2l mm)/m2; about 2 to 10 times
higher than the reference station. After the November peak, mean dump
abundances steadily decline while those at the reference station
generally increase. We estimate that the dump population drops below
densities at the reference station in late 1975. At last sampling,
mean dump densities are about 4 times lower than those at the refer
ence station.

Mean species richness on the dump appears to peak between November
1974 and April 1975 (Fig. 4). The wide range in values for replicate
samples during this period suggests a patchy distribution. From
November 1974 to January 1975, the dump assemblage contains more spe
cies than the reference station. Although species richness appears to
converge with the reference station in late 1975 and 1976, the Sorenson
Affinity Index shows a similarity value in this time interval of about
0.10 (Fig. 5). The dump and reference station assemblages remain
faunally distinct throughout the 26-month period of observation.
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Discussion

Because heavily polluted spoil was covered with a cap of relatively
clean sediment, colonization of the dump by invertebrates was rapid.
Most of the pioneering organisms live near the surface of the bottom
and feed from the water column or sediment-water interface. This is

in contrast to the subsurface (infaunal) living habit and sediment-
feeding of the reference station assemblage (Fig. 6).

The abundance of individuals and species richness at the dump
exceeded that of the ambient seafloor for over one year after the
initial recruitment period. Similar colonization patterns are described
by McCall (1977). McCall conducted a colonization experiment by placing
trays of defaunated silty mud on a muddy bottom in 14 meters of water
near the study sites described in this paper. Trays were removed and
replaced periodically to document rates and stages of colonization.
Many species participating in McCall's colonization are in common with
this study.

McCall (1977) arranged colonizers into three groupings (I, II, and
III), based on time to first arrival, rate of population increase,
absolute abundance at acme, and temporal persistence of populations
(Fig. 7). That many species may be readily grouped into one of the
three patterns indicates that adaptive strategies are shared by
organisms with very different evolutionary histories. Adaptive
strategies of end-member groupings (I and III) are given in Table 1.
One may cautiously predict colonization potential (grouping) of a spe
cies by knowing details of its life history (Table 2). Conversely,
general aspects of an organism's life history may be deduced from
observing its population growth response in a secondary succession.

Following a major disturbance, the new habitat is invaded by a
myriad of species having group I attributes (Tables 1 and 2). Although
individual biomass values are low compared with later colonizers, growth
rates and recruitment rates are high characterizing an assemblage of
high secondary productivity. This explains initially high abundance
and species richness at the dump. As group II and III species appear
later in colonization, the mean growth rate of both individuals and
populations decreases. Species richness also decreases as several
group I species disappear. The specific factors which eliminate or
exclude group I species is unknown. Explanations commonly invoke
competitive exclusion or over-exploitation of resources.

With the exception of seasonal variance, the reference station
assemblage remains relatively constant. This part of the seafloor
experiences disturbance only during major storms. The three species
dominating this station (Fig. 6) have group II and III features. High
survivorship combined with conservative recruitment results in a pre
dictable population structure.
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Table 1. Summary of Group I and Group III Adaptive Types

Group I

1. OPPORTUNISTIC SPECIES

a. Many reproductions per year
b. High recruitment
c. Rapid development
d. Early colonizers
e. High death rate

2. SMALL

3. SEDENTARY

4. DEPOSIT FEEDERS (mostly
surface feeders)

5. BROOD PROTECTION; LECITHOTROPHIC

LARVAE

SOURCE: McCall (1977)

Group III

1. EQUILIBRIUM SPECIES
a. Few reproductions per year
b. Low recruitment

c. Slow development
d. Late colonizers

e. Low death rate

2. LARGE

3. MOBILE

4. DEPOSIT AND SUSPENSION FEEDERS

5. NO BROOD PROTECTION;

PLANKTOTROPHIC LARVAE

In summary, the short-term effects of containment spoiling appears
to favor a pioneering assemblage of near surface living invertebrates
which feed at, or above, the bottom. Their life history features result
in exponential rates of recruitment, culminating in a dense albeit
transient assemblage of high species richness. Secondary productivity
is high relative to the ambient (undisturbed) seafloor assemblage.

In the absence of further disturbance, this biological enhancement
is short lived. Because the survivorship of group I colonizers is short
and group I species tend to over-exploit resources, the pioneering sere
is unpredictable in both space and time. On the time scale of several
years the density of organisms at the dump, as well as species number,
is expected to have high variance relative to the ambient community.

It would be interesting to know if, had dumping been resumed in
early spring 1975 and again in 1976 (prior to spring reproduction),
the dump assemblage could have been maintained in a more or less
continuous state of exponential recruitment. The relationship between
disturbance and high consumer productivity may account for the observa
tion that many dump sites are favored feeding areas for demersal fish
and lobsters. The productivity enhancing role of disturbance is well
known in land communities (e.g., Gadgil and Solbrig, 1972; Margalef, 1969;
Pianka, 1970; Wright, 1974) but has received little attention at the level
of consumers, especially in marine systems.

From our work in Long Island Sound, I recommend that containment
spoiling be used in those cases where polluted sediments can be covered
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Table 2. Summary of Life Habits of Common Colonizing Species

Maximum

linear

Larval

Biomass Relative Feeding feeding Development
dryWr. mobility type type type

Croup I
Slrebtotplo

bintdlctl

Capilella
capitals

Amptlitcaabdiia
Ovinia

fusijormls 20X3mm

Group n
Nmcula proximo
Tellina aglli)

Croup III
Ntplhyt Ineha

Ensit dlrtctus

.15-.5mg sedentary SDF Short pelagic20Xlmm

20Xlmm

5.7mm

15-.5mg sedentary NSDF L.P S. pelagic,L.
pelagic & direct

sedentary SDF.SF L.5-lmg

.5-Img

5-7mm 5mg

10mm 5mg

50X5mm lOmg

SOXIOmm lOmg

sedentary SDF.SF P"

sporadic
mobile

very

mobile

very

mobile

DF

SDF

NSDF

SF

L

P

P

r

direct

short pelagic

short pelagic
long pelagic?

long pelagic}

long pelagic

Egg
Protection

brood chamber

egg cases in tube

brood chamber

gelatinous string

#Eggs Time to
per maturity

female (days)

30-400

6400

2O40

U

4100

30

30-40

40-80

U

Relative

death

rate

high

high
high

medium

u U medium

u U low

12.20X10* U low

11072: Modified from McCall (1977).

Key: SDF = selective deposit feeder; NSDF = non-selective deposit-feeder; SF
DF = deposit feeder; P = planktotrophic;L ° lecithotrophic.

suspension feeder;
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