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ABSTRACT

Tampa Bay is an estuary located om the west coast of Flerida. One-—
sixth of the state's populatiom lives in the three counties bordering
its sheres.

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 chapnel and port construction fer what is
now the eighth largest port in the nation to the environmental damage
caused by dredging to create over 3,000 ha of landfill in the bay for
residential, commercial, and dredged material dispesal use. These
1andfills 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 controiled. New charmel
deepening and open water disposal of 55,000,000 n* of dredged material
is plamned as part of rthe Tasmpa Harbor Deepening Project, mow in pro-
gress. This project has undergone intensive review and modification as
a result of environmental concern by both citizens and scientists.

Introduction

During the I1960s, the population of Florida imcreased 37% from 4.9
million to 6.8 milliom, while the United States as a whole showed only
a 13% increase. Three out of four of these new residents migrated from
other siates. The 1976 population is estimated to be 8.7 miilion with
74% of this number living on 28% of the land area, the coastal zome
(Division of State Planning, 1976). Of the 40 estuarine siudy areas
examined by McNulty et al. (1972) Tawmpa Bay is second only te the
Florida Bay system ip size (Fig. 1}. Ope-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): ©1d Tampa Bay,
Hillsborough Bay, Upper Tampa Bay Proper, Lower Tampa Bay Proper, Boca
Ciega Bay, and Terra Leiz Bay. Representative physical and chemical
parameters for these sub—areas are also given in Figure Z. Olson and
Morrill (1955}, using as a basis a 1943 chart, determined the tetal area
of the bay to be 90,300 ha with 2 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-
lime 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 uapdating the work of
Olson and Morrill (1955} wusing 197¢ charts. These szme zuthors noted
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Figure 1. The Tampa Bay Estuary, Florida.
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Tha gubtropical mere of the Tampa Bay area supporis both trop-
ical mengrove forests and temperate tidal marshes along the shores of
the estuary. Latest measurements, mede with the assistance of the T.S.
Geoliogiczel Survey, Tempa office, show 3,830 ha of these iatertidal
marine communities remaining inm the bay. This represeants a 44% decline
from those present in 1876 {Lewis, unpublished). The value of these
communities inm the production oi detritus and their role in marine
productivity in south Florida estuaries has been well documented by
Heald {1%71), Odum (1971}, and Odum ard Heald {i972}. Submerged vepge—
tation in the estuary consisrcs of five species of seagrasses and 216
species of zlgae. Taylor (1971) estimated 8,500 ha of bay bottom was
vegetated by seagrasses and conspicucus benthic algae,

Sykes and Finucane {1966) report twenty-ithree species of major
importance in Gulf of Mexico commercial fisheries occur in Tampa Bay
during immarurity. O01d Tampa Bay harbored greaier numbers of these
species then any other area. Hillsborough Bay, similar in salinity
regime, harhored fewer important species than any other area.

The reader is referred to Olson and Morxiil (1955), Tayler (1973},

znd Simon (19746) for complete literature reviews and detailed discus-
sions on the present status of the estuary.

During the last 100 years four mzjor types of dredzing have im—
pacted the bay: channel deapening, mainrernance 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 zl., 1969). The shallow depths were sufficient until the
drafrs of vessels had increased and deeper channels than saturally

xisted were necessary. Since dredging first began in Tampa Bay in
1880, 107 km of channels have been creszted {Taylor, 1973). The materizl
dredged from these chanmels has been placed azdjacent to the chammels as
submerged or emergent spoll areas {Fig. 3), or used as landfill for
shoreline development {(Fig. 4, 5, &, 7). As can be seen in these
photographs this type of dredging has svoduced large turbidity piumes
from uncontrolled overfiow in spoil zreas and cutterhead disturbance of
the sediments. Illegal £illing of submerged land (under the juxis-—
diction of the Stale of Florida) occurred routinely in the 1960s znd
penalties were mintmal. Often the iilegally filled Iand was sold to the
dredging company after fiiling and resold at a geood profit far in excess
of the f£ine or cost of dredging. The filling of Redfish 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 chanmnel
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 £ill 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 {illing 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 moxrtality and other gross effects. The
reader is referred ito 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.

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 f£ill 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.

A master plan for dredging and f£illing in Hillsborough
Bay should be developed by the pertinent federal, state,
and local operating and regulatory agencies. Certain
spoil islands, resulting from chamnel 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. Geoclogical 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 ¢f 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.

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 conditionms,
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, improwved 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 involwved
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 "ecirculation 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
£ill in submerged land and mangroves for a phosphate
loading port facility.

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 plamned 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). Im
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 work 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 im
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 ammually.

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

Finally it should be noted that the economic impact of chamnel
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 tomns 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 earmers with
an annual salary of $Z10 million., The port is obviously an important
part of the local economy and it is hoped that additional channel
deepening to maintain the port cam 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 albusg) photographed in
their nesting colony on Sunken
Island, April 1975.

Figure 10b. Roseate Spoonbill (4&jaia ajaja) nesting
in 2 black mangrove tree (Avicennia germinans} on Bird

Island, 4April 29, 1975. (From a slide taken by Helen
Cruickshank for the Natiomal Audubon Society.}
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runoff) gradually fill in these chamnels. Boyd et al. (1972) estimate
the annual quantity of maintenance dredged material in the United

States is 229 million m® as opposed to 61 million o3 in new dredging.
Historically large channel maintenance projects in Tampa Bay have been
done with hydraulic dredges and open water disposal in spoil areas in
the bay. Smaller berth maintenance projects were done with clamshell
dredges mounted on z barge, again with open water disposal (Fig. 11).
Recent concerns about water quality degradation from open water spoil
disposal, particularly of contaminated spoil, led teo the complete halt
of open water spoiling in Tampa Bay at the end of 1973. Since then all
maintenance dredging projects have been required to provide diked upland
disposal areas (Fig. 12). The effectiveness of this requirement in
reducing "pollution" from the maintenance material is widely argued (see
U.S. Army Corps of Engineers, 1976, for update and list of available
Dredged Material Research Program reports). The use of these upland
disposal sites has increased the cost of maintenance dredging from $1-
2/m3 to $3-5/m> (Guy N. Verger, personal communication). In addition
upland sites are scarce and valuable upland habitat or farmland may be
permanently destroyed. Salt water intrusion into fresh water aquifers
has also been a problem in the Tampa area. One problem solved by this
procedure is the reduction in erosion of spoil back into the same
channel from which it was dredged. The Corps of Engineers has decided
that the long term solution to the problem is the creation of large (1.6
km x 0.8 km) emergent diked disposal areas within Hillsborough Bay as
part of the Tampa Harbor Deepening Project (Fig. 8)-

Figure 11. Open water disposal of maintenance
spoil from berths in Hillsborough Bay into sub-
merged spoil area behind an existing spoil island,
December 1973.
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Figure 12. Diked upland disposal site for main-
tenance dredged material at Port Manatee, October
1976.

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 pext 30 years. Tbe long term contaimment of much
of the contaminated spoil in the upper barbor (due to sewage discharged
from the City of Tampa sewer plant — 40 MGD — preseutly only primary
treatment) is expected to improve the long term water quality picrfure
for Billsborough 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 amnd fines to the bay
{Fig. 13). The silt plume associated with this voused material has been
of major concern to regulatory agencies and the boating public. Im
addition comcern has been raised about the destruction of benthic
organisms and the long term modification of the biological commmities
in the dredged areas.

A Tecently completed long term effects study (Simon, Doyle, and
Connors, 1976) has reached the following conclusions:
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L eSS

Figure 13. Shell dredging in Hillsborough Bay,
October 1972.

1. Total suspended load within the plume raised by shell
dredging ranged from about 20 mg/l to over 50 mg/l, 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 ot be assumed that the massive Corps of Engineers
proiject to deepen the Tampa Harbor shipping channels can in any
way be compared to the effsers of a smail, tightly controlled,
target speciiic shell dredging operation. Large amounts of
fine wmaterial which may be thrown up by several large dredges
operating simultaneously could have a serious sedimentation
impact on portioms of Tampa Bay.

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

Dredging for Landfill

MeNulty, Lindall and Sykes (1972) calculated that in 1%67 filied
areas {(including spoil islands, causeways, housing and industrial £il1)
in the Tampa Bay Estuary totaled 4,266 ha. Xearly all of this was
created through dredging submerged or intertidal bay bottom and pumping
the speodil into emergent land sires, creating land where there were once
mangroves, tidal marshes, or seagrasses. Tayler and Saleman {1968}
report the expected impaect of the filling of 1,400 hz of bay bottom im
Boca Ciega Bay that has occured since 1950 and reduced the total area of
the bay by 20%. Their minimum estimares of annual loss of biological
resources arce 25,841 metric tons of Infauna. This represents an annual
ioss of about $1.4 million. Passavant and Jefferson (1976) have recently
rechecked the estimates of £illed areas in Roca Ciege Bay and revised
the total figure upward to 2,200 ha including some £ill on emergent land
that was covered and enlarged by éredge marerials.

The characteristic "finger f£ill" type development of Boca Ciega Bay
(Fig. 14) and elsevhere in Tampa Bay {Fig. 15) permanently destroys the
benthic community and assoclated vegetation in the f£ill site and creates
a dead end canal system thar 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 Char:t 177 dated
1875, and shows the existing warine wetlands at that time, 2,378 ha.
Figure 17 is redrawn from Natiomal Ocean Survey Chart 11412 (1975) and
shows 400 ha of weclands remaining. This represents a total loss of
83.2%. For Tampa Bay as a whole our regsarch indicares 2z total loss of
45%, from 10,0590 ha in 1876 to 5,630 ha in 1976.

What effect has this massive alteration to Hillsborough Eay had?
Tavlor, Hall, and Saloman (1970) report on the results of sampling for
mollusks in Hillsborough Bay in 1963. Their analysis of benthic moli-
lusks and sediments at 45 stations revealed no mollusks at 19 statioms,
one or more of the four predominant species at 18 stations, and numercus
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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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species and large numbers of individuals at only 8 stations. From

this informarion they concluded that 42% of the bay botiom was unhealthy,
36% marginal, and 22% healthy. Since 1963 six of the eight healthy
stations have experienced large scale dredging impacts including channel
deapening, spoil deposition, acd $illing of adjacent wetlands. As noted
before the work of Sykes and Finucane (1966) has shown that Hillshorough
Bay supports puch fewer of the commercially important species than any
other area of Tampa Bay. It should be pointed ocut that in addition to
dredging sewage pollution has haé a significant impact om Hillsborough
Bay. Of the estimated 101 MGD of sewage entering Tampa Bay, &47% flows
into Hillshorough Bay, most of it poorly treataed. A new advanced waste
treatment facility is scheduled for completion at Hockers Point (in
Hillsborough Bay } in 1977 and will hopefully assist the recovery of
this portion of the bay. t is during this same year that the mzjor
impact of the Hillsborough Bay portion of the Tampa Harbor Deepening
Project (Fig, 8) will begin, znd many scientists justifiabiy wonder how
much more Hilisborough Bay can take.

As z result of the loss of wetlané hebitat and continued pellutiem
in Tzmpz 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, 1873;
Florida Department of Naturzl Resources, 1971; 1972},

Although definite conclusions canmnot be drawn from these figures there
are certain trends that are disturbing. With increasing population and
demand for seafood producis the available fisheries appear to be declining.
Their wvalue ag dockside to the fisherman will continue to increase, and
so the price to the consumer. The general increase in envirommental
awarensss and the cbvisus increase Iin the c¢ost of merine products znd
their declining nimbers convinced commercial fishermen, sports fisher-
mer, and counsumer that something had to be dome. The resuli has been
increased opposition to the issuance of dredge and fill permits, varticu-—
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
repainder of rhe controversial preoject saved over 80 km of margrove
shoreline from destruction, and represented z turnling point for this
kind of project. It is unlikely that any furrther massive dredge and

£111 such as has occurred im Boca Ciega Bay and Hiilsborough Bay will
ever be permitted again. With increased attempts to clean up othex
sources of pollution in estuaries Iike Tampa Bay it is certainly pos-—
sible that the declinme in catches shown in Table 1 will reverse, ai-
though the losses may be so great that catches of 135 million pounds
(1960, 1965) may never ccgur again. :
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Table 1. TFlorida Gulf Coast Commercial

Marine landings and Value

23

YEAR CATCH {1,000°s of 1bs} VALUE ($1,000"s)
1950 62,013 9,995
1951 88,271 15,414
1952 101,135 19,254
1953 108,027 25,372
1854 97,521 19,815
1955 105,756 21,190
1956 107,594 24,582
1957 i0G9,275 24,205
1958 126,585 24,258
1959 131,887 18,191
1560 135,535 21,048
1961 125,379 26,303
1962 116,507 24,921
1963 124,683 22,477
1964 129,659 24165
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
1976 116,470 31,222
1871 107,485 31,187
1972 108,201 38,622

1b x 0.453 = kg
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