
DISCUSSION

Figure 26 summarizes the major changes in the terrestrial, shoreline

and marine environments of northern Biscayne Bay. Obviously the trends

shown are more complex than the graphs indicate, and should, therefore, be

analyzed in more detail in order to determine when the changes occurred,

and at what rate ~ The historical aerial photography can be used to locate

specific detailed changes within each Area, and the timing of these events

can be determined by bracketing between different age photographs. Once

the location and timing is known, one can commonly correlate the observed

change to one or more natural or artificial process that were known to be

active in that 'area at that time. The discussion that follows uses

historical aerial photographs to show how the various environments evolved

and how northern Biscayne Bay works as a system.

Terrestrial Changes

Except for Areas I and VII, northern Biscayne Bay has more land area

now than it had in 1925  Figure 26, Tables 3 through 10!. The largest

increases in land area occur in Area II, Area VI and to a lesser extent in

Area IV. A large increase in land from fill island construction occurred

in Area V prior to 1925. The extremely small reduction in land in Areas I
2and VII  less than 1 km � about 2 acres! is offset by a 9 sq km increase

 about 23 acres! in the other five Areas. Since 1925 various processes

have increased the total land area in northern Biscayne Bay by 8.1 sq km

�0 acres!.

The small losses in land area can be attributed to the construction of

cuts through islands  Figure 14!, drainage canals and finger-canals or
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waterways for residential developments  Figure 15! . Increases in land

area are mainly the direct result of fill island construction  Figure 15a!,

causeway and spoil island construction and the enlargement of coastal

property with fill  Figures 22 and 15!. In addition, natural processes,

especially hurricanes, can produce new land and erode exposed areas

 Figure 14!.

The overall construction of new land in northern Biscayne Bay has

produced significant changes in terrestrial and marine environments. The

majority of the new land is subsequently developed, although some small

areas, notably spoil islands, are later colonized by opportunistic plants

such as Australian pines  Cassurina! or occasionally mangroves. The direct

effect of land construction is, of course, the destruction of previous

marine habitat'

Water circulation and current patterns have changed in northern

Biscayne Bay as a result of fill island, spoil island and causeway

construction  Michel, 1976!. These structures block and deflect currents

and both areas of stagnant and improved circulation will be produced by

their construction  Bruun, 1959, p. 6!.

Causeways are the most efficient blocks to natural water circulation-

This fact was realized by Munroe and Gilpin �930! who observed that storm

flooding in the Great Miami Hurricane of 1926 was intensified by the

blocking of storm tides by MacArthur Causeway. As a result, there was

extensive flood damage on South Miami beach, the destruction of the

downtown bayfront  see photographs in Smiley, 1973!, and focusing of a

If theirtidal bore up the Miami River that sank many boats.

interpretation is correct, then a future storm with attributes similar to
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the 1926 hurricane can be expected to interact with Rickenbacker Causeway

to produce severe flooding on Virginia Key and Coconut Grove shorelines.

The calcareous green algae Halimeda appeared in Area III about 10 to

15 years ago  see Core discussion!, closely following the construction of

Julia Tuttle Causeway in 1960. Prior to 1960, this area had received

incoming tidal water from Area IV to the south  Area III is south of the

tidal nodal point � see Michel, 1976! an area that had been highly

disturbed and turbid since 1925. The new causeway must have blocked much

of the northward flowing tide and focused the tidal flow in the two narrow

openings at the Intracoastal Waterway and Melloy Channel. Indeed, focused

tidal currents produced dune-like bedforms on the bottom aligned

perpendicular to the causeway bridges  Figure 35c!. It is likely that the

center of Area III is now partially protected from the influx of turbid

water flowing north by Julia Tuttle Causeway, and by restricting tidal flow

to channels at the causeway openings. Introduction of Halimeda is

attributed to the resultant increase in water quality.

Two other problems can be related to an increase in land area. More

land means more source area for storm water runoff that can contribute to

turbidity and pollution levels in Bay waters. Finally, stagnant or reduced

circulation of water, resulting from new land construction can increase

sedimentation rates locally,- although the reverse is possible if the area

becomes isolated from its source of sediment.

The second graph in Figure 26 shows large overall increases in the

amount of developed land. Most of this increase occurs north and south of

Areas IV and V which were well developed prior to 1925  Figure 16!. By

1976, developed 1snd area has increased 81X �8 km � about 69 acres!2
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compared with the amount in 1925. About 60K of the land adjacent to the Bay
was developed in 1925; today 94K of the land including newly created or

expanded fill islands is considered to be developed.

Development of "reclaimed" swamp lands, upland areas and newly
created land began in earnest upon the completion of the Florida East Coast

Railroad in 1896. As the first economical and practical transportation
system to the region it provided essential supplies, manpower and later,
tourists.

Upland areas were cleared of native vegetation, and later developed
for agricultural, commercial, or residential use. Low coastal swamps along
both mainland and barrier island shorelines were "reclaimed" by
bulkheading and filling. The Everglades lying just to the west was largely
drained by an extensive canal network making available large acreages of
land. With exception of spoil islands, the majority of the new land

produced in the Bay was built for commercial or residential purposes. Many
developed land areas have been subsequently redeveloped, sometimes more
than once.

The principal direct effect of land development is the loss of the

original natural environments. Upland development eliminated many scrub,

pine and hardwood hammock habitats. Indirect effects have been significant
in surviving undeveloped areas and in the Bay. Surface storm-water runoff

to the canals and the Bay has increased, largely the result of increases in

paved-over land and the construction of storm water drainage systems.

Surface runoff can contain abundant chemical pollutants  Waite, 1976!,
nutrients  from fertilizers! and various particulates. These in turn can

adversely affect the biological communities by modifying water quality and
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alter ing sedimentation.

The environmental impact of draining the Everglades is discussed by

Chardon �976!, Buchanan and Klein �976!, Wanless �976b! and Thorhaug et

al. �976!. The most important indirect effect of this drainage has been a

s ignif icant drop in drinking water supp lies and f reshwater f 1 ow into the

Bay  Buchanan and Klein, 1976! . The decrease in fresh water is also

partially responsible for vegetation changes at Interama  see Teas et al.,

1976!. The drainage canals «nd channelized original streams  the Miami

River, for example! have become significant point sources for the

introduction of chemical pollutants to the Bay  Waite, 1976!.

Finally, modification of coastal swamps, discussed below, and

construction of new land within the Bay has produced much valuable and

expensive land. Most of this land is now developed, and the result is a

concentration of large urban structures at the bayshore. The wisdom of

this development must be questioned in light of past hurricane events and

the inevitability of future severe storms.

The change in the amount of mangrove land area is plotted on the third

graph in Figure 26. Mangroves occupied less than 25X of the 1925 land area

and they are found on only 6X today  Table 10!. Old charts  U.S. Coast and

Geodetic Survey, 1887! show that the original bayshore was predominantly

mangrove lined except on portions of the mainland shore. Area V was devoid

of mangroves by 1925 and by 1976 mangroves are gone from all but Areas I, VI

and VII.

Mangroves have been increasing since 1925 at the Interama property

 Teas et al., 1976!, along the northwest shore of Virginia Key  Figures 29

and 30!, and on a few spoil islands. The growth of mangroves at Interama
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Figure 28. A: Oblique 1925 view shows the clearing of upper Miami Beach.
Indian Creek is in the background. Trees are believed to be very tall
black mangroves  Avicennia!  Hoyt, WP9401!. B: Bakers Haulover circa
August 1935 shows the fan-shaped tidal delta that formed after the cut
was opened in 1925, Portions of the delta are colonized by benthic
plants  arrows!  Hoyt, AT1126! . C: 1976 view of boat waves acting on
s spoil island  arrows!. Nate the pattern of wave refraction  Pla.
Dent. Transportation> PD 1638-21-35!.
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Figure 30, 1940-1976 photopair of area of increasing Isangroves on
Virginia Key  arrows!  USGS, CJF-14-80; Fla. Dept. Transportation PD
1638-21-36! .



has been at the expense of the original freshwater marsh located there  see

Teas et al., 1976! and results from salinity changes associated with the

opening of Bakers Hauloever Cut and reduced freshwater flow from the west.

The increase in mangroves along Virginia Key is a result of rapid

colonization of shoaling bottoms. The area beneath the Virginia Key

sanitary land fill  Figure 29! was shoaling during some hurricanes. The

new shallow bottom land created was colonized by new mangrove trees only a

few years after the shoal area was made. Zn addition, the mangrove swamp

adjacent to the northeast corner of the Miami Marine Stadium has shown a

slower, but steady increase in mangroves as shoaling occurs there

 Figure 30!. The shoaling is the result of decreased wave energy caused by

blocking artificial structures, reduced tidal circulation and an increase

in sedimentation resulting from both of these changes and nearby dredging.

The observed small increases in the amount of mangrove land area have

not kept pace with the overall net decrease produced by both artificial and

natural processes. Most of the decrease is related to coastal filling for

urban development, prior to which, the more valuable trees were cut for

their wood  Figure 28!.

Comparison of aerial photographs taken before and after major

hurricanes shows some of the damage produced in mangrove environments. The

damage occurring during the 1926, 1929 and 1935 hurricane seasons was

examined in this manner.

Simpson �932! documents some of the hurricane damage caused by the

Great Miami Hurricane of 1926. He reported the destruction of many trees

on Miami Beach and around Lemon City. Wind, lightning, and, on Miami Beach

storm surges, produced by this storm caused this damage. Storm winds
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defoliated and broke live oaks, pines, sweet bay and some of the largest

mangroves growing in the United States  Simpson, 1932! . After this storm

Simpson could find few broken trees older than 1GO years  based on counts

of rings!. He suggested that there was a natural cycle wherein the tall,

older and therefore more exposed trees are pruned from local forests by

large storms. This allows the younger trees and some opportunistic minor

species to increase in size and numbers. This cycling, suggested by

Simpson, is probably a characteristic of the long term dynamics of the

environment so affected.

The 1926 hurricane produced changes in the terrestrial and mangrove

environments on Key Biscayne and Virginia Key. The back beach palmetto

scrub areas, associated with sandy beach ridge systems, were uniformly set

back, probably by heavy surf and elevated tides. The mangrove swamps on

both Keys had the majority of the taller trees defoliated. This included

the tall black mangroves that were growing on higher swamplands such as the

quartz sand "spine" of West Point on Key Biscayne  Figure 31!. Mangrove

areas on the mainland, at Little River and along the bayshore south of

Coconut Grove show some defoliation of taller trees after this storm

 Figures 31 and 25d!.

The forgotten hurricane of 1929 appears to have produced more changes

in some of the Bay's mangrove environments, particularly on Key Biscayne

and Virginia Key. By 1932, the mangroves on both Keys are growing in a

fortress-like vegetation pattern  Figure 32!. The interior trees are

completely gone having been succeeded by some type of lush scrub

vegetation. The outer wall of red mangroves comprises both surviving trees

and some that have grown since the last storm. The fortress pattern was
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Figure 31, Changes in coastal mangroves caused by hurricanes: A; 1928
vertical and subsequent oblique views of the defoliated interior
mangroves, Obliques taken June 1935  NCAA, 697~5; Hoyt, AT1003!.
B: 1938 vertical and subsequent oblique views of Matheson Hammock
area showing similar damage  NOAA, 697-443!. C: 1925-1932 views of
West Point on Key Biscayne shows loss of interior trees  Niami-Dade
Library; NOAA, 806-102!,
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seen in Florida Bay by Craighead �964! after Hurricane Donna �960!.

No mangrove damage was identified from the 1935 hurricane season.

This is because there are few mangrove areas left by the date of the next

aeria1 photographs �940!. The intense prewar developemnt along the

bayshore has obscured any mangrove damage that may have resulted from the

severe hurricanes of 1935.

Frost effects on mangroves have not been identified in this study, but

Munroe and Gilpin �930! and Simpson �932! have observed frost damage to

local coastal plants.

The loss of significant areas of coastal mangroves, regardless of

cause, produces several ecological effects: �! since mangroves can

obstruct and filter surface runoff  Burns, 1976!, more runoff occurs

 runoff can contain nutrients and pollutants that affect Bay water

quality!; �! the important food chains supported by mangroves  Burns,
1976; Fell, 1976! are reduced or lost; and �! the habitats, nursery and
breeding grounds provided in and around the mangroves is lost. The loss of

habitats may explain a succession of rat, racoon and mosquito infestations

reported  Lummus, 1940! during the construction of Miami Beach.

Shoreline Changes

The total length of northern Biscayne Bay's shoreline has more than

doubled since 1887  Table 10!. The majority of this increase results from

the construction of new land, especially fill islands, causeways and spoil

islands. Hurricanes and other processes have built shoals that are later

colonized by mangroves. Since mangroves define the land-water boundary in

aerial photographs, mangroves expanding into the bay increase shoreline
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length. Hurricanes have not made substantial changes to the shorelines

within the Bay, but they are extremely powerful erosive agents on the ocean

beaches.

By 1925, the unmodified sections of shoreline within the Bay show no

appreciable changes from the 1887 configuration. Development in Areas III,

IV and especially V, however, produced significant increases in their

shoreline lengths. Area VI shows the largest increase in shoreline since

1887, and Area I's shoreline has increased the least.

The effects of a..y change in shoreline length are dependent on the

type of shoreline that is added or subtracted. Mangrove, vertical/

bulkheaded, and sloping shorelines are discussed in turn.

Mangrove Shorelines

The fourth graph in Figure 26 shows the changes in mangrove

shorelines. Mangrove shorelines are gone from all but Areas I, VI and VII.

Area VII shows the least amount of change, while the more central heavily

developed Areas show the most.

Most of the reduction in mangrove shoreline is caused by bulkheading

and filling of coastal swamp land. Dumping of spoil along the shoreline of

Interama has isolated most of the interior mangroves which changes the

mangrove shoreline here to sloping shoreline. Mangrove shorelines can be

eroded by storms and by boat waves  Teas et al., 1976, p. 135!. On the

other hand, shoaling can provide new space for mangrove colonization that

results in slight increases in shoreline length  Figures 29 and 30!.

The overall net loss of shoreline mangroves in northern Biscayne Bay

effectively reduces the filtering and trapping effect of their root
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systems, and it reduces the reputed ability of shoreline mangroves to

dissipate wave energy.

Vertical/Bulkheaded Shoreline

Since 1887, there has been a drastic increase in the amount of

vertical/bulkheaded shoreline in and around the Bay. Fully 61X of the

present increased shoreline is of this type  Figure 26, Table 10!, while

most of the increase occurs in Areas II and V. Area VII shows substantial

increases in the amount of bulkheading  Table 9!, but this is not apparent

in the graph  Figure 26! because the total shoreline here is 'quite long.

The short peak sheen for Area PT in 1887 is produced from the Miami Oolite

ridge that once outcropped at the shoreline  see photographs in Parks,

1977!.

Bulkheads are used to retain dredged material during filling

operations that produce new land area. Various materials have been used in
their construction in the past, some of which require frequent maintenance.

If not maintained the walls can be eroded or otherwise degraded to the

point where fill materials behind the bulkhead can then be eroded' Most of

Fisher Island and parts of MacArthur Causeway that were once bulkheaded are

no longer.

The increase in vertical/bulkheaded shoreline in the Bay provides

more surface area for fouling organisms such as barnacles  Moore et al.,

1974!. More important is the increase in reflected wave energy resulting

from the more than 100 km of bulkheaded shoreline in northern Biscayne Bay.

Bruun �959, p. 3! states that bulkheaded filled shorelines "reflect

from 80K to 90X of the wave energy" that strikes them. He notes that the
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reflected waves can be hazardous to navigation and "often create erosion

problems." Reflected waves are only slightly smaller in height and do not

change in wavelength  Bruun, 1959, p. 5! . The waves that are reflected may

be wind waves or boat and ship wakes. Wave-induced erosion of shorelines

and shallow bottoms should, therefore, be more severe in those Areas with

predominantly bulkheaded coastlines, in other words, most of northern

Biscayne Bay.

Sloping Shorelines

The total amount of sloping shoreline has more than doubled since

1887. The largest increase occurs in Area VI, white adjacent Area VII has

less sloping shoreline because of bulkhead and canal construction. The

majority of the additional sloping shoreline in the Bay results from the

construction of spoil islands and spoil causeways.

Spoil beaches and natural beaches comprise the sloping shorelines of

the Bay. Natural beaches are known to be unstable as they change shape and

location seasonally with changes in the associated wave regime. Large

waves, common in winter and during storms, produce steep beach profiles

while eroding unstable sediments. Spoil beaches will react in the same

manner, with some differences,

The beaches of many spoil islands are different from natural linear

sand beaches. On linear beaches longshore currents move sand down the

beach away from the incoming waves. When the longshore drift of sand is

interrupted, the downdrift beaches tend to erode because their principal

supply of new sand is lost. The construction of Government Cut has

affected Fisher Island and Virginia Key in this manner  Wanless, 1976!.
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Since most Bay spoil islands are small and round, longshore drift does not

develop or is reduced. This tends to make spoil islands errosional because

sediment losses to the surrounding Bay bottom are not replaced.

The size, shape, durability and sorting of natural beach sediments are

controlled by the original sediment supply and wave characteristics.

Natural beaches are usually dominated by durable sediments that tend to be

well sorted by size and composition. Spoil beaches, on the other hand, are

composed of dredged Bay sedia ants that usually are poorly sorted mixes of

sand, shell, rock fragments and large quantities of mud and silt. The fine

grained materials are easily eroded as they become exposed to wave action
 

 Figure 15!, while coarser grained sediments remain on the beach until the

wave energy increases.

Poorly sorted, fine grained spoil is currently being placed on the

ocean beaches of Miami Beach, Bal, Harbour, Surfside and Bakers Haulover

Park. The U.S. Army Corps of Engineers is attempting to "restore" wide

sand beaches to the barrier island system north of Government Cut. This
6 310 year project is placing 14.8 million cubic yards �1.3 x 10 m ! of

dredged offshore sediment on to the ocean shoreline. This material is
pumped onto the beach as a sediment/water slurry, much of which drains
immediately into the longshore transport system. The sand being retained

on the beach is largely fragile mollusc and foraminifera shells that are

easily abraded by the common rock fragments and large shells also dumped on
the beach. As the new beach erodes, more suspendable sediment will be

produced. Data from the U.S. Army Corps of Engineers �975! shows that
6 3

about 15K of the 14.8 million cubic yards �.5 x 10 yd ! of the emplaced

material will be lost during construction and later "stabilization of the
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beach profile"  read erosion! . Significant amounts of this material are

entering northern Biscayne Bay as suspended sediment through Bakers

Haulover Cut.

The waves that modify sloping shorelines can be wind waves or boat and

shipwakes. Hurricanes are extremely effective erosional agents that cause

major morphological changes in affected beaches. In northern Biscayne Bay

storms have been most effective on the ocean beaches of the barrier

islands.

The 1926 hurricane severely eroded large sections of the barrier

island beaches. On either side of Bakers Haulover the beach lost about

62 m �00 feet!. This isolated the highway bridge that spanned the one

year old cut  Figure 14A!. A considerable amount of the lost sand was

deposited inside the Bay as a large fan-shaped delta  Figure 28b!. The new

cut acted as a sink for sediments thereby increasing adjacent beach erosion

 U.S. Army Corps of Engineers, 1946b; Purpura, 1962!.

The Cape Florida beaches south of the lighthouse on Key Biscayne, lost

some sand during the 1926 storm and about 16 m �0 feet! of beach was lost

from the middle portion of Key Biscayne where the offshore profile is

steeper. Slightly less beach was eroded from the northern end of the

island. Virginia Key lost about 16 m of beach from the southeast corner of

the island, and slight erosion occurred along the midsection and northeast

corner.

Aerial photographs show that Miami Beach erosion from the 1926 storm

varied from about 16 m near the south end to the aforementioned 62 m �00

feet! at Bakers Haulover. The beach opposite the midpoint of Indian Creek

lost about 50 m �50 feet! and became the site of the first groins built
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locally in 1927  Figure 14b! .

Other than slight erosion around the midpoint of Key Biscayne by the
1929 hurricane, aerial photographs show no significant changes in the ocean

beach system in 1932 and 1940. Both the 1929 and 1935 hurricanes should
have produced more erosion, but natural recovery may have obscured the
change by the time the next aerial photographs were taken.

Spoil islands are not permanent features, they both move and erode
completely away  Figures 24 ~nd 33!. Movement is controlled by the wave
regime which affects erosion rates and the movement direction. Movement is
produced by accretion of the low energy side of the island at the expense

I

of the side attacked by the strongest waves.

two spoil islands in Area I have migrated away from the Intracoastal

Waterway apparently because of boat wave erosion  Figure 33! . The
erosional side of the islands is close to the western Bay Harbour Isle
which should block formation of large wind waves from this direction.
Frequent boat traffic in the adjacent Intracoastal Waterway is considered

responsible.

These two islands are boomerang-shaped, unlike the rest of the spoil
islands in the Bay, and have steep coarse grained beaches on all sides.
The steepest sides face the waterway. The islands appear to have eroded to
the west about 50 m since they were built about 40 years ago. An elevated
spoil platform was left behind as they moved that, has since been colonized

with benthic plants.

In summary, increasing the amount of spoil shoreline increases the
number of potential sources for suspended sediments  turbidity!, buries
the previous bottoin community, changes bottom topography and modifies

106



Pigure 33. Spoil island changes: A: 1925-1940 sequence shows spit
formation  arrows! on Viscaya spoil islands. At present, these
islands are awash at highest tide levels and the island vegetation is
essentially gone  see Pigure 35D!  miami-Dade Library; USGS, CJF-14-
82!. 8: Two 1978 oblique views of small spoil islands in Area I  see
Figure 24 for vertical views!. They are migrating away from the
IntracoastEI Waterway which is just out of picture et top. Rote steep
beaches, boomerang shape, and vegetated erosional platforms  arrows!
 photos by author!. 8: 1940-1976 photopair shows spoil islands along
the Intracoastal Waterway, These islands are in an exposed location
with waves attacking them from both' the waterway and the relatively
open bay to the east. The island shapes have changed, but their
relative position has remained the same  USGS, CJF-10-03; Fla. Dept.
Transportation, PD 1638-21-29!.
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water movement.

Water Area Changes

The amount of open water area in northern Siscayne Bay has been

reduced by 11 sq km since 1925  Table 10!. This value is slightly higher
than the 8 sq km land increase because it does not include any increase in

water area within the canals bordering the bay. Open water area has

increased slightly in Area VII, remained essentially the same in Areas I

and V, and decreased throughout the remaining Areas. The largest decrease
2�.4 km ! occurred in Area VI as a result of dredge and fill operations

there. The proposed future expansion of Dodge Island td include Luaisus
Island will further increase this value.

Open water decreases within the Say are the direct result of filling

and spoil dumping. The construction of fill islands appears to be the

single largest contribution to this change. Decreases are at the expense

of existing biological habitats that are buried or removed by dredging.
The amount of plant and animal species that the Bay can support decreases

accordingly. In addition, the tidal prism will decrease when the water

area is decreased  Michel, 1976� p. 226!, the effect of which remains ta

be determined.

Dredged Bottom Changes

Seventeen percent of the submerged bottoms studied have been dredged

 Table 10, Figure 26!. North of Rickenbacker Causeway, 40X of the Say

bottom is modified by dredging. The dredged 17X for the total study area

corresponds well with Chardon's figure of 20X calculated from less detailed

maps of much smaller scale  Chardon, 1976, p. 240!. Fully 93X of the
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present bottom of Area V is dredged, most of which occurred prior to 1925

 Figures 20 and 26!. Area I has the second most dredged bottom in the
study area.

When bottom lands are dredged, the surficial sediments and their

associated fauna and flora are removed  Wanlessp 1976a!. Older sediments

are exposed and the deeper dredgings  for example, the Miami Ship Channel!

can penetrate into bedrock. The resulting bottom is quite different from

the pre-dredging substrate for several reasons.

The deeper new substrate does not receive light of the same intensity
or color as these both change with depth. Benthic plant and animal species

that are light dependent will be less likely to recolonize bottoms that are

dredged especially in areas where turbidity levels are high .

Dredging of navigational channels produces large amounts of spoil
that is usually dumped away from the channel  Figures 15, 24 and 25!. The

effects of intertidal spoil and spoil islands were discussed previously and
subtidal spoil is examined in the discussion of disturbed bottom that

follows. Spoil is a significant source of turbidity  Wanless, 1976b!.

Current patterns within the Bay are altered by the change in

bathymetry by dredging  Michel, 1976!. Tides, especially flow more easily
through the interconnected dredge holes  Figure 34! with resulting
decreases elsewhere. Blocking causeways further channelize tidal currents

into the waterways that bisect the causeway. Turbid water masses are

transported between Areas in dredged channels  Figure 34! where currents
are focused in this manner.

Dredging operations cause significant turbidity. Sediment laden

water is produced by the dredge, leaks out of transport pipes, and runs off
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the fill or spoil site  Figure 15! . Dredging exposes unstabilized

sediments that can be eroded subsequently, which adds significantly to

turbidity levels. Resuspension of fine grained sediments from the bottom

of dredged holes may be especially important in those dredged features that

are used frequently by boats.

Boat traffic is largely concentrated over the dredged bottoms where

more depth is available. A review of boat wave effects is found in

Appendix 3. Boat induced currents from movement, propellor wash

 Figure 27! and boat waves  Figure 28! all combine to elevate erosive

energy levels in dredged areas. Turbidity levels may be greater and are

more likley to be sustained in very active channels and marinas where boat

traffic is abundant.

The majority of the dredged holes in the Bay have not filled in since

they were constructed, however, filling in is possible in some cases

 Figure 29f!. Wanless �976b! has documented changes in sediment texture

and a loss of seagrass beds adjacent to a borrow pit located off the

northeast shore of Key Biscayne. He noted increased substrate erosion next

to the pit and smothering of their seagrass beds by subsequently mobilized

sediments. Infilling has also occurred in a borrow pit dug in Norris Cut

 Wanless, 1976b; Figure 29!. Some of the beach erosion at the northeast

corner of Virginia Key and south of the Cape Florida lighthouse is directly

related to a net flux of sediment into adjacent borrow pits. Chemical

pollutants can become trapped in stagnant dredge holes. previous pollution

studies, however, failed to recognize the abundance of dredged bottom being

studied, and may therefore have overemphasized the role of chemical

pollutants in the Bay.



Disturbed Bottom Changes

The graph of disturbed bottom  Figure 26! is nearly identical to the

dredged bottom graph. Since disturbed bottom is comprised of both dredged

and spoil bottoms, the similarity shows that dredging is more significant.

The 1976 plots on both graphs are slightly different for Areas II and VI

where spoil is now more abundant. Spoil covers less than 3 sq km of the

present bottom of northern Biscayne Bay  Table 10, Figure 19!.

Submerged spoil is dumped along the edges of dredged holes, adjacent

to waterways, and next to spoil islands. Dumped spoil smothers the

previous habitat and is subject to erosion by waves and currents  Wanless,

1976b!.

Dumping of spoil decreases water depth at the site which can cause

circulation changes. It also provides a new shallow bottom that may be

more suited to plant growth because of better light conditions. The

shallow spoil platform left behind migrating spoil features are commonly

colonized by marine plants  Figures 24 and 33!.

Coarse grained spoil colonized by rooted plants  such as the top of

core 615-9, Appendix A! may resist erosion by strong currents. The west

edges of Melloy Channel in Areas III and IV, and both edges of the

Intracoastal Waterway are thinly covered by patches of rocky spoil. This

spoil is colonized by plants and the Melloy Channel example has survived

erosion by hurricane produced currents  Figure 25!.

Benthic Vegetation Changes

The two graphs at the bottom of Figure 26 relate the changes in

benthic plant cover. The amount of the bottom colonized by benthic plants

has decreased substantially since 1925, except in Areas I and II where it



has increased  Tables 3 through 10, Figure 20 and 21! .

The majority of the macro vegetation seen in 1925 is growing on

bottoms less than 2 m deep. Benthic vegetation is not detectable in the

1925 aerial photographs of Areas I and II, and the vegetative cover is

sparse and patchy in Area III. Because of extensive pre-1925 dredging and

uncolonized deeper bottom near the mainland, Areas IV and VI show very

little benthic cover.

Areas I and II have marked increases in benthic vegetation by 1928

 Figure 25! when the sh"liow bottoms along the east side are colonized by

moderately lush plant communities  Figure 25!. The sparse beds seen on the

shoal that crosses Area III increase in vegetative density as well

 Figure 25!.

The shallow banks of the Safety Valve tidal mudbar belt are covered by

a diverse assemblage of benthic organisms  Voss and Voss, 1955!. The

patterns produced by these communities have changed frequently in the past

as seen in Figure 25. The shallow bottoms adjacent to the mainland shore

south of Brickell Point, are quite dynamic as well. After some hurricanes

vegetation patterns here mimic bedrock topography with more plant growth

over presumed karst features  Kohout and Kolipinksi, 1967; Zieman, 1972!.

Significant benthic macro-vegetation has not been detected in the

1976 aerial photographs on bottoms deeper than 2 m except in Area VII.

With the exception of some surficial algal mats, few plants were observed

below 2 m when snorkeling in natural or artificial deep areas north of

Rickenbacker Causeway.

Increases in benthic vegetation can be offset by other decreases. The

shallow east side of Areas I, II and III show substantial increases in
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plant cover between 1925 and 1928  Figure 25! . By 1976 most of this new

vegetation was destroyed by dredge and fill operations that consumed most

of the shallow bottom. The overall vegetation increase in the northernmost

Areas is the result of water quality changes occurring between the 1925 and

1928 photographic dates. The only significant change in this period was

the opening of Bakers Haulover Cut in 1925, which resulted in an

improvement in circulation  Michel, 1976! that also decreased salinity

al,, 1976! and temperature fluctuations that stress marine Teas et

plants.

Newly created shallow bottoms are capitalized upon by seagrasses and

algae. Both spoil substrates and natural shoal areas can have been rapidly

� to 3 years! colonized by some plant species  Figures 29b and 35!.

Large decreases in benthic vegetation have occurred as the direct

result of dredging and burial by fill and spoil. Decreases caused by

pollution, smothering with mobilized spoil, and direct boat scour are

insignificant at the scale of this study. Linear scour marks in the

seagrass beds in the center of Area VII are probably the result of trawling
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with fishing nets as the water is too deep for them to be caused by boats

directly. This area has been a shrimping ground in the past.

Hurricanes produce many .changes in the Bay's benthic floral beds. The

1926 hurricane eroded benthic plants along the Cape Florida shoreline, on

one channel bottom in the Safety Valve, in Bear Cut  Figure 25!, offshore

of Virginia Key, from the Bay aide of Norris Cut, from Melloy Channel just

north of MacArthur Causeway, and in the vicnity of Lummus Island. Other

vegetated bottoms appear intact in 1928, except in the bedrock depressions

along the south mainland shore of Ar'ea VII where a decrease in width of
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Figure 36. Benthic vegetation changes along Melloy Channel produced by
hurricanes: A: 1925 photomosaic shows original mangrove Sunset
Islands �!, well defined dredged areas, and even, but sparse
vegetation an undredged bottoms west of Melloy Channel  see
enlargement Al!  Miami-Dade Library!. B: Same area in 1932.
Turbidity obscures some detail but bottom vegetation is now lush  Bl!
except at the tip of the "boot" that was eroded by 1929 hurricane  B2,
arraw!  NOAA, 806-68, -70, -72, -74!. C: Same area in 1940, Severe
erosion of benthic vegetation by 1935 hurricane over a large portion
of channel margin. The "boot:", recolonised after 1929, is not eroded
however  arrow!  USGS, CJF-10-03!.



pre-storm grass patches is evident. Part of this decrease could be related

to ground water discharge changes  Kohout and Kolipinski, 1967!. The 1926

hurricane had minimal effect on the Safety Valve banks. Lack of

photographic coverage of the more southerly banks prevent a complete

analysis of this area however .

The 1929 hurricane, based on the availability of information, might

seem unimportant because terrestrial damage was light and few people were

injured in Miami. However, this storm is proposed as the cause of severe

erosion of seagrass beds  principally Thalass ia! from the banks in the

Safety Valve  Figure 36!. The shoal west of southwest point  Key Biscayne!

also showed new bare spots in the attached vegetation after this storm.

Benthic vegetation was again eroded from the bottom west of Norris Cut and

floral beds are reduced between Lummus and Dodge Islands and the FEC

Railway Channel  Fisherman's Channel!. The latter change could also be

caused by smothering related to spoil island construction. This storm also

eroded plants from the "toe of the boot" outlined by dredged holes just

north of Belle Island  Area IV!; see Figure 36. Further north the western

margin of Melloy Channel was slightly affected as was the undredged bottom

at the northeast corner of Area III.

The most striking bare bottom area in the 1940 photographs is a

large swath that runs north from Venetian Causeway along the edge of Melloy

Channel  Figure 36c!. The benthic vegetation there has been completely

lost from the bottom. Evidence for erosion is found in core 615-8 which

contains a zone of coarse grained layers 15 to 30 cm below the surface.

There are three distinct layers in this zone that could represent three

different storm events, each producing an erosional lag. A 1935 date is
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interpreted for the top of these layers because the erosion shown in 1940
 Figure 36c! most likely resulted from the 1935 "Yankee Hurricane". Storm
surges from north to south could have been "aimed" by the easternmost

Venetian Causeway islands, forced out of the channel, and flowed over the

adjacent undredged bottom where it eroded the substrate.

The extreme southeast corner of the undredged bottom in Area IV was

eroded in the 1929 storm but not in the 1935 hurricane  Figure 36b!. This

area might have been protect~3 by a coarse grained  shelly or rocky! lag
produced by 1929 storm erosion, and later recolonized by seagrasses. The
resulting root bound coarse substrate should have protected the substrate

from subsequent erosion. This physical-biological armor" could provide a
mechanism for the protection of substrates from erosion in periods when one

storm is closely followed by another. Spoil areas along Melloy Channel

 Figure 36! that are colonized by seagrasses have also resisted erosion

when adjacent natural bottoms have not.

Other damage to the Bay's benthic vegetation between 1929 and 1940 is

probably storm related. Benthic cover was lost from shallow bottoms west

of northern Key Biscayne, and there is a noticeable decrease in vegetation

d'ensity in the vicinity of Fair Isle  Grove Isle!. Finally, some of the
small seagrass beds on the tidal delta west of Bakers Haulover appear to be
buried by new sand lobes, and the small floral beds west of Biscayne Point

 Area II! are less dense.

Frosts are responsible for some fish kills within northern Biscayne

Bay  Munroe and Gilpin, 1930; Simpson, 1932! and they may exert an

influence on benthic vegetation. The relative importance of killing frosts

and extended cold weather on the 5ay's benthic communities is unknown.
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The "grass" index is used to show approximately how much of the

original bottom is stabilized by benthic plants- Since undisturbed bottoms

in the Bay tend to be shallower than dredged bottoms  Figures 18 and 19!,

any Area with a low "grass" index has significant amounts of unvegetated

shallow bottom. Areas II and IV have the lowest "grass" indices. The low

value in Area II is at tribu table to the areas original �925! lack of

benthic vegetation and slightly deeper natural bot toms  U. S. Coast and

Geodetic Survey, 1887!. The low value in Area IV is probably the result of

high turbidity levels south of Julia Tuttle Causeway, however, this cannot

be proven. The highest "grass" index is Area III's which has large shallow

cross-bay shoal that is extensively colonized by algae and seagrasses.

Seagrass beds and many algal communities can produce prodigious

quantities of new sediment- Sediment is produced by some plants and other

organisms that live in the substrate or grow epiphytically on the plant

 Ginsburg and Lowenstam, 1958; Wanless, 1967; Scoffin, 1973!. Additional

sediment can be transported into the plant community where it may become

trapped  Ginsburg and Lowenstam, 1958!. The plant and sediment

accumulation can be eroded by various processes which release the fine

sediments to the water column. An increase in benthic cover should

increase the rate of sediment production by epiphytic organisms, some of

which is fine grained enough to be released during erosion of the

substrate. This effect should raise turbidity levels in the water for some

time after the erosion occurs.

The overall decrease in benthic vegetation  Figure 26! has affected

the biological productivity of the Bay  Thorhaug, 1976!. Less sediment

production by benthic organisms is expected but more of the bottom is

119



unstabilized by plants. An increase in bare bottom increases the potential
sources for easily suspended sediments that can affect turbidity levels

 Wanless, 1976b!.

Cores

Short cores were taken throughout northern Biscayne Bay at sites

 Figure 9! selected both to check preliminary interpretations and to
clarify confusing aerial photography. Core sequences were used to
determine sedimentation rates for various parts of the bay. Descriptions
for the eleven cores taken can be found in Appendix A. Five cores are

especially important and are discussed below, Additional core data can be
found in Wanless �967, 1969! and the U.S. Army Corps of Engineers �943!.
Wanless �967,1969, 1976a! also provides cross sections based on coring and
probing transects which show the general packages of Holocene sediment in
northern Biscayne Bay  Figure 10!.

Core 614-1 penetrated to bedrock in an abandoned dredge channel that

trends north-south in Area I  Figure 24!. This channel was part of the
original Intracoastal Waterway dug between 1925 and 1928 and later
abandoned for the present Intracoastal Waterway in Ares I. The old channel

Tha lass ia. The channel outline can still be seen in air photographs

 Figure 24!. At the core site the channel bottom is 45-50 cm lower than
the surrounding substrate.

Core 614-1 is divisible into three parts: - an upper grey carbonate

sand, a 2 cm thick coarse-grained shelly sand at 13-16 cm below the
sldz face, aIId a lower grey shelly sandy mud with many plant fibers and balls
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of mangrove detritus. The upper surface of the core is bound by an algal

mat, and the upper part contains minor amounts of quartz sand and plant

detritus with rare shell. Internal laminae are not apparent. The coarse

shell sand layer is made up of blackened whole shells  mostly bivalves!,

shell fragments and quartz sand grains. The lower part of the core,

faintly laminated by alterations of mud and sand, shows a fining upward

sequence with mud more abundant towards the top. A small �.5 cm! oolitic

limestone fragment  Pleistocene! was found at the coarse sandy bottom of

the core of 28 cm. The".o are no seagrass rootlets visible in any part of

this core.

The coarse shell sand layer in the middle of core 614-1 may have been

produced by natural storm winnowing. It is however more likely the product

of dredging the old channel as suggested by the reworked blackened shell

material and its position between two distinct sediment types. If this

interpretation is correct then the upper 17 cm of sediment has accumulated

since 1925-1928. The sedimentation rate in Area I is then calculated at

approximately 2.9 um per year  using 1927 as the date of the coarse shell

sand layer!. This corresponds well with rates from two other areas,

discussed below.

The sediments in Core 614 � 1 are different above and below the coarse

shell sand layer. This is evidence that the style of sedimentation in Area

I has changed significantly since the 1920's. This change can be related

to destruction of coastal swamps, changes in shoreline character, and

changes in circulation and water chemistry. Circulation and water

chemistry in Area I were strongly affected by the opening of Bakers

Haulover Cut in 192S  Nichel, 1976; Teas et al., 1976!.
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Pour cores were taken from sites in the middle of Area III. Two of

these sites are in and two are adjacent to the 1896 plorida Coastline Canal

and Transportation Company channel that trends north-south in mid-bay.

Cores 614-5 and 614-6 are from the channel and were taken about 25 m apart

  � 5 north of -6!. Cores 614-7 and 614-8 were taken from the bottom

adjacent to the channel. The channel is still visible in air photos
because of benthic vegetation patterns, and it retains a relief of about

one meter below the surrounding substrate. In June, 1978 a few sparse

channel margins were lushly colonized by a red algal coazsunity with
Laurencia dominant and lesser amounts of ~Dict ota. In places, this algal

comnunity is one meter in thickness and extends over much of the adjacent
undredged bottom. Portions of the undredged bottom adjacent to the channel
are colonised by circular patches of dense Halimeda as much as I m in

diameter. Bare patches of bottom in this area are predominantly a coarse

sand of whole llalimeda plates with little fine send or mud  see top of

cores 614-7 and 614-8 in Appendix A!.

Both cores 614-5 and 614-6 show a distinct change in sediment

attributes occurring between 20 and 25 centimeters depth. Below this

depth, both cores contain alternating layers of shelly sand and mud. This
layering is typical of the lower portions of all the intra-bay cores. Above
20-25 cm, the sediments are rarely laminated and coarser grained overall.

Small, broken plates of the calcareous green algae Halimeda occur only in
the top 5 cm of each core. In cores 614-7 and 614-8, a less distinct change
in sedimentation occurs between 15 and 22 cm. Halimeda was found in them

as deep as 15 cm and whole Halimeda plates dominate the present surficiel'
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sediments.

The change in sediment attributes at 20 to 23 cm in cores 614-5 and

614-6 is interpreted to record the lower limit of dredging in the canal in

1895-1896. The project depth of 1.7 m, if adhered to, would have left some

sediment overlying the bedrock which is about 2.5 m below mean low water.

Therefore, the upper sediment package accumulated since 1896 yields a

sedimentation rate of about 3.0 mm per year in the center of Area III. If

this is correct, the occurrence of Halimeda plates only in the upper 5 cm

of 614-5 and 614-6 predicts that Halimeda first made its appearance to Area

III about 15 years ago. This would be right after construction of Julia

Tuttle Causeway in 1960. Completion of this causeway to the south modified

Area III by: �! focusing tidal flow into the bay margin channels  Nelloy

and the Intracoastal Waterway! which should have reduced turbidity levels

in the center of Area III; and �! isolating the area from potentially more

polluted waters to the south. Halimeda plates may be accumulating at a

faster rate on the shallower bottoms adjacent to the channel as suggested

by the lower depth Limit of Halimeda plates found in cores 614-7 and 614-8

or this could be evidence for an earlier introduction of Halimeda to Area

Core 615-8 was taken from a shallow bottom sparsely covered with the

Causeway  Area IV! . The area is characterized by abundant boat wave and

natural current activity and by high turbidity levels. This core can be

divided into four sedimentological zones: �! an essentially featureless

muddy carbonate sand in the top 13 cm,' �! three distinctly dif ferent

coarse grained, shelly quartz sands between 13 and 31 cm; �! a varied
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sequence of shell sands that show bioturbation  burrowing! between 31 and

38 cm; and �! the lower 28 cm of alternating shell sand and mud layers.

The core site was vegetated prior to the 1935 hurricane as seen in

Figure 36. In the 1940 vertical photography the site is bare. As

discussed in the hurricane section, one or more storms are responsible for

this damage. The three layers of coarse grained, shelly quartz sand at 15

to 29 cm are interpreted as storm lag deposits caused by bottom erosion,

winnowing of fine sediments and concentration of the coarser grained

shells. The upper coarse layer �3 to 22 cm! can be correlated to the 1935

hurricane season and can then be used to calculate a sedimentation rate.

The topmost 13-15 cm in this core give a calculated sedimentation rate for

this part of Area IV of 3.4 mm per year.

In summary, sedimentation rates calculated from cores taken in

northern Biscayne Bay range from 2.9 to 3.4 mm per year. The increase in

rate from north to south is probably not meaningful as each Area can have

its own hydrological and sedimentological attributes. In all the cores

discussed  and several others!, a distinct change in the character of

sediments occurs near the top. The uppermost sediments are generally

coarser grained and poorly laminated, if at all. The coarser surface

sediments are interpreted to date since the onset of urbanization in the

Biscayne Bay region. Finally, the lack of abundant mud and silt in the

surface sediments of a highly turbid area suggests that suspended sediments

produced and transported in northern Biscayne Bay are not accumulating in

the shallower areas cored. The suspended sediments may be accumulating in

southern Biscayne Bay, in the deepest dredged holes, or transported

offshore by way of the inle ta and cuts. Rlevated wave energy levels,
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related to a predominantly bulkheaded shoreline and abundant boats, could

be the important reason for the observed change in the character of

northern Biscayne Bay sediments.
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CONCLUS XONS

The stated purpose of this study is to document the historical changes

in the terrestrial, shoreline and submerged environments of northern

Biscayne Bay. To accomplish this purpose l have discussed the pre-

development and present setting, and I have provided a scenario of the

important historical events that have combined to produce the present

distribution of Bay environments.

Historical vertical aeri-' photographs are a unique resource. They

provide a window to the later stages of the Bay's development from "a

parcel of pitiful flats"  Romans, 1775! to its present distribution of

urbanized and modified environments. Because of the limited amount of

previous study of northern Biscayne Bay, historical aerial photographs are

the only available source of new information about past events.

Historical, vertical aerial photographs are therefore an extremely

valuable tool for environmental analysis, yet most prior studies have

failed to recognize and capitalize upon this tool.

The before and after maps presented herein  Figures 16 through 21!

show dramatically the major changes in the Bay's environments occurring

between 19?5 and 1976. Measurement of the mapped environments has yielded

the following major trends:

1! The amount of land area has increased.

2! The amount of developed land area has increased substantially.

Some areas were extensively developed prior to 1925. Most of the

terrestrial area studied is now developed.

3! The amount of mangrove land area has decreased substantially.

The only significant stands of mangroves remaining are located
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in the northernmost and southern sections of the study area.

4! Shoreline length has doubled since development began.

5! Mangrove shorelines were once common but they are essentially

non-existent in northern Biscayne Bay today.

6! Vertical/bulkheaded shorelines are now the most common shoreline

types. Most of the increased shoreline length results from the

creation of new bulkheaded shorelines.

7! Sloping shorelines, principally constructed with dredge spoil,

have increasc4 in abundance. This is especially true north of

Rickenbacker Causeway-

8! The amount of open water area has decreased.

9! The amount of dredged bottom has increased. Much of the dredging

occurred prior to 1925.

10! The overall amount of benthic vegetation has decreased

substantially since 1925. However, plant abundances have

increased on the bottoms north of 79th Street Causeway. This

increase is -significant.

11! The "grass" index has decreased except north of 79th Street

Causeway. Overall there is less vegetation growing on

undisturbed bottoms today than there was in 1925.

12! Turbidity is persistent around the 79th Street Causeway and the

Miami Harbor complex of islands and channels. Turbidity is

generally more common in the more xecent photographs.

The texrestrial and shoreline environments of northern Biscayne Bay

are the province of man. The natural changes resulting from physical and
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biological processes acting on these environments are insignificant when

compared to the effect of urban development. The land areas studied are

drastically modified, and the few remaining natural areas are heavily

stressed. The present shoreline has retained very little of its former

character. The abundant bulkheaded shoreline, resulting from dredge and

fill operations, is capable of maintaining wave energy within the Say.

In contrast, over half of the submerged Bay bottoms are not modified

to any appreciable extent. Dredge holes have produced a "strip mine

topography" which is imprsssive, but much of the original bot tom area

remains intact, and much of this is vegetated.

The Bay proper is not dead. It is not an open cesspool and I doubt

that is has ever been that way. Indeed, plant abundance has increased in a

few areas since 1925, and the shallow bottom north of Julia Tuttle Caus'eway

has recently seen the introduction of a geologically important calcareous

green algae, Ealimeda.

For too long now, the submerged portions of the Say have been written-

off by both developers and some environmental scientists as being beyond

saving. Restoration is the present operative word when discussing the

future. Restoration will be important, but the future of northern Siscayne

Bay will depend on saving, studying and understanding the environments that

have survived over eighty years of urban development and natural stress.
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