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BIOLOGICAL INVESTIGATIONS OF ST. LUCIE ESTUARY
IN CONNECTION WITH
LAKE OKEECHOBEE DISCHARGES THROUGH ST, LUCIE CANAL

A Report to the District Engineer,
Jacksonville District, Corps of Engineers,
by
Dr. Gordon Gunter, Biological Consultant,
Gulf Coast Research Laboratory,
Ocean Springs, Mississippi

October 15, 1959

A. INTRODUCTION

1. Study authorization.--A survey of the turbidity, salinity,
and sediment effects of St. Lucie Canal discharge into St. Lucie
Estuary was authorized by the Chief of Engineers on May 9, 1955. Expan-
sion of that program to include the work of the present biological inves-
tigation was authorized by the Chief of Engineers on June 12, 1956.

2. Scope and purpose of this report is to: (a) Review the history
of St. Lucie Canal and analyze the problems concerned with discharges of
fresh water into St. Lucie Estuary; (b) present biological data from a
2-year investigation of estuarine conditions, January 1957 to January
1959; (c) determine the biological effects of operation of St. Lucie Lock
and Dam with reference to important indicator species and evaluate the
wide range of claimed damages relative thereto; and (d) determine opera-
tional procedures, practicable within the specific operational require-
ments of the project, which would either be beneficial or of the least
damage to estuarine fishes and fishing conditions.

3. References.--Reference is made to the following reports and
specific design memorandums of the Jacksonville District, Corps of Engi-
neers, pertaining to the Central and Southern Florida Project. A separate
bibliography of biological references is given at the end of this report.



a. The project document--Comprehensive Report on Central and
Southern Florida for Flood Control and Other Purposes, dated December 19,
1947, printed as House Document No. 643, 80th Congress, 2d session.

b. Part I (basic report)--Agricultural and conservation areas
(with preliminary information on Lake Okeechobee and principal outlets),
dated July 10, 1951.

c. Part IV, Supplement 2, Section 5--Design memorandum, Lake=-
regulating facilities, dated January 12, 195k,

d. Part IV, Supplement L--Design memorandum, Effects of fresh-
water discharges through St. Lucie Canal, dated October 27, 195k,

Lk, Acknowledgment.--Mr. Gordon Hall, formerly Biologist for
the Jacksonville District and the South Atlantic Division, Corps of
Engineers, assisted in the collection and analysis of field data and
preparation of this report. Mr. Chester Adams, boat operator, Clewiston
Area Office, and Messrs. Robert Highsmith and Paul Berry, Survey Branch,
Jacksonville District, ably assisted in the field collections.

B. BASIC CONSIDERATIONS

5. Purpose and history of St. Lucie Canal.--St. Lucie Canal was built
originally by the Everglades Drainage District to provide an improved out-
let to tidewater for control of floodwaters in Lake Okeechobee. Construc-
tion along the shortest and cheapest route to tidewater was begun in 1916 and
practically completed in 1924, At that time the canal, with a capacity of
5,000 cubic feet a second with Lake QOkeechobee at elevation 15.6 feet¥*, was
controlled by two dams, one near the lake and the other near the lower end.
Serious shoaling of eroded material and reduction of channel capacity
occurred as a result of storms in 1924, 1926, and 1928. The deposited
material was excavated by the Drainage District in 1927 and 1928 but chan-
nel capacity was again reduced during the storm of 1930. In 1930, the
United States Government accepted control of ILake Okeechobee as an author-
ized project, and since that date the canal has been maintained and
operated by the Corps of Engineers. Construction of fixed spillways at
16 inflow points along the banks of St. Lucie Canal (plate 1) was initiated

*Unless otherwise stated; all stages and elevations throughout this report
refer to mean sea level datum.



in 1933 in order to prevent sediment from entering the camal. In 1937,
the waterway was improved to provide a navigable channel 6 feet deep.
The River and Harbor Act of 1937 authorized replacement of obsolete
structures at the two locks with a new lock and spillway at the site of
the lower dam., The main spillway was completed in 194L, except for
tainter gates which were installed in 1950. The canal was enlarged in.
1949 to provide a .navigable depth of 8 feet and a discharge capacity
of about 9,000 cubic feet a second with the lake stage at 15.6 feet.

6. Location and description.--a. St. Lucie Canal leaves Lake
Okeechobee at Port Mayaca and extends northeast about 25.6 miles to the
South Fork of St. Lucie River, 7 miles south of the confluence of the
North and South Forks of that river at Stuart. St. Lucie Lock and Danm
are located about 1.9 miles from the lower end of the canal, or about 23.7
miles from the entrance at Lake Okeechobee (plate 1). The local water=-
shed of the canal between the lake and the lock and dam, 79 percent of
which is on the north side, covers 185 square miles. The area is imper~
fectly draimed, with flat slopes, many swamps, and small lakes, and is
often wet. Elevations range from 45 feet along the northerly divide
to 20 to 25 feet along the canal. The soil is mostly fine sands and _
the native vegetation principally wild grasses, sawgrass, and scattered
pine and palmetto growth. St. Lucie Canal is a part of the cross-State
Okeechobee Waterway that extends from the Atlantic Ocean near Stuart to
the Gulf of Mexico southwest of Fort Myers. It is one of the two primary
outlets used in regulating Lake QOkeechobee levels under the Central and
Southern Florida Flood Control Project (plate 2).

b. St. Lucie Estuary.--(1) General location.--St. Lucie

Estuary is located in the tidewater area at the junction of the North and
South Forks of St. Lucie River near Stuart, in Martin County, Fla. (plate
3). The main river empties into the Atlanti¢ Qcean through St. Lucie
Inlet, about 8 miles from where the two forks Join. The outer portion of
the estuary is separated from the Atlantic Qcean by two long strips of
land between which flows the Indian River. The latter, except for the

: 8-foot dredged Intracoastal Waterway, is a shallow lagoon that also dis-
~charges into St. Lucie Inlet. ;

,(2) St. Lucie Inlet was opened by citizens in the vicinity
in 1892. It was originally 30 feet wide and 5 feet deep, but by 1898 it
had widened to 1,700 feet with available depths at low water of 6 to 7
feet. Prior to opening of the inlet, St. Lucie River flowed into Indian
River. Tidal currents in the estuary were low, and the water in lower
St. Lucie River probably was much fresher than it is now.

(3) Description and physical characteristics.-S8t. Lucie
Estuary consists of three main sections. Pertinent reference points and
depth information are shown on plate 3. The outer and largest portion of
the estuary extends from Sewall Point near the mouth of Indian River to
Roosevelt Bridge (US& 1) at Stuart. Two points of land there naturally




constrict the river opening to separate the outer from the inner estuary.
The North Fork and South Fork arms comprise the inner estuary. The North
Fork Estuary extends from the junction at Stuart to the mouth of the North
Fork River near Kitching Cove. It receives runoff from a drainage area

of 450 square miles in St. Lucie and Martin Counties via the North Fork

of St. Luecie River, numerous agricultural drainage canals, and Bessey Creek.
The South Fork of the estuary extends from United States Highway 1 bridge
to the mouth of St. Lucie River above the Palm City bridge. The total
surface area, volume of water, and miles of shoreline at mean low water in
each of three sections of the estuary are given in table 1.

TABLE 1

Total surface area, volume of water, and
shoreline miles at mean low water in the three main

sections of St. Lucie Eétuafy

Surface area volume of oy .09ine

Area water
: (acres) (acre~ft.) (miles)
South Fork
Head of estuary to U.S. Hwy. 1 )
Pridgee=—wwescemnacacanen- ——— 960 4,720 9,20
North Fork . |
Kitching Cove to U.S. Hwy. 1 : :
Dridge=~ecmsecoeccnnncacananemx 1,8ko0 16,740 12.05

Main estuary ;
U:«S: Hwy. 1 bridge to Sewall
Pointmmmmmm== —————— m————————— 2,730 19,690 14,25

T i e bk i 5,530 41,150 35.50

During nondischarge years and low flow periods, tidal waters extend up the
South Fork to St. Lucie Lock and several miles up North Fork River., The
mean range of tide is 2.6 feet at St. Lucie Inlet and 1.3 feet at Stuart.
Normal salinities range from 5.0 to 20.0 parts per thousand throughout the
inner estuary and from 20.0 to 35.0 parts per thousand in the outer estuary.
However, normal rain and runoff into either of the forks, or rain on the
estuary itsell, are likely to make the surface witers of the estuary
temporarily fresh to below Stuart.
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Discharges into St. Lucie Estuary.--a.

Through St. Lucie

Canal.--Reliable estimates of St. Lucie Canal discharge are avaiiapble
since April 1931 when the United States Geological Survey began opera-

tions in the canal.

For the purposes of this report, estimated volumes

of monthly flows from Lake Okeechobee since 1945 are given in table 2,

Lake Okeechobee stages for the last day of the month during the same

period are given in table 3. The total annual discharges of St. Lucie

Canal at St. Lucie Lock and Dam, which include runoff in some years

from the local drainage area, are depicted on plate 4 for the period

1945-58,
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s Bstimated volumes of monthly discharges

# ¥l !-/’v/ y et /)4‘, ‘(?
APenrdily eni St, Lucie Canal

TABLE 2

Year -

Monthly discharge (1,000 acre-ft.)

Jan., Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
1945 13 10 16 i 18 2k 15 X6 91 343 258 15 836
1946 31 151390 87 % 18 8 8 40 d09 e g% L6k
1947 22 3 16 22k 90 106 290 320 310 402 410 394 2,687
1948 350 " 316 290 232 38 g 1g Tk 90 < 3561 392 336 - 9,460
1949 140 L 2 i 1 1 e 32 gl 9ol ok - 890
1950 - - - - - - - - - - - - -
1951 - - - o # 8 = = - S R SE(
1952 - - - - - e - 18k 267 - 451
1953 o - » # - = o 350 W63 ES hgo. suk . 5. 0g
1954 206 @ - - - O 9 360 98 lep g e i 4R
1955 * = = = ” ” - = » ¥ # 3 -
1956 - - - - = e - SR A -
1957 * : “ = L6 90 = By 305 By = ¥ 859
St ek 335 #0307 350 19 BB (99 96 L SRR R
5 (R 12-22-60)



7. Discharges into St. Lucie Estuary.=--a. Through St. Lucie Canal.--
Reliable estimates of St. Lucie Canal discharge are available since April
1931 when the United States Geological Survey began operations in the canal.
For the purposes of this report, estimated volumes of monthly flows from
Lake Okeechobee since 1945 are given in table 2. Lake Okeechobee stages
for the last day of the month during the same period are given in table 3.
The total annual discharges of St. Lucie Canal at ‘St. Lucie Lock and Dam,
which include runoff in some years from the local drainage area, are de-
picted on plate 4 for the period 1945-58,

TABLE 2

Monthly discharges, 1945-58 ;

Monthly discharge (1,000 acre-ft.) ‘o

[ |

Year ) R Y Y T Y T Y Y T T T
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

1945 13 - 30 a6 i vaec e aEc T 3b O iy geE 4 836
1946 31 350350 8 1 18 8 8 10 309 16" 2 Lekh
1947 22 3 116 -22k 90 106 '290 320 30 ' he2 Wio 39k 2.fm
1948 3036 . 290 232 38 ;' ah X0 1 90 356 358 336 2,08

1949 140 el 1 1 1 ;1 32 384 324 - - 890
1950 - @ = - - - - - - - - - - - -
1951 - - - - - - - S A0 o2f
1952 - - - - - - - 184 267 - b1
1953 = - - - - 351 463 578 k99 51k 2,L05
1954 206 - - s Bg 3O 30T /Y- IG7 =Y oo o N0
1955 - - - - .- - - - - - - 3 3
1956 - - - - - S - - - - - -
1957 - - - - W 90 - 85 305 853 At 859
1958 20k 335 23k 367 33 4129 148 99 26 - - - 1:872




TABLE 3

Lake Okeechobee stages for last day of month -

194558
o Stage (ft.) Bt
Year LI B | L 1 LD L4 & v L] 4 . . L & ¥
Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 1e8rly
' 2 : , average
1945 13.2 13.0 12.9 12.1 11.6 11.7 12.6 13.2 15.5 15.8 15.4 "15.5 13.5
30T 140 1R.B- 15.3 B8 -JN.5 158 15,7 15.9 119 187 10k -A7.Lh 16
1948 16.9 18.9 1k.6 13.6 13.413.0 13.2 13.8 16.2 17.6 16.8 15.6 '15.0
1989 Gy A8 33.5 33.3 326 130 -13.6° 15,6 3h.8 ko7 1R.6 - 352 Al
3950 15,0 Lh.7 - 1h.b 33,9 “13.5:13.0 13.033.0 12:9° 13.8 13.8 13.8 ‘13.7
1951 1346 33,5 13.113.1, 12.9 128 13.2 137 13.9 '15.6 15.% -15.0 155
1952 1k.8 15,0 1h.5 13.6 13.112.9 13.1 13.6 14.1 15.8 15.3 15.2 1h.3
A95% 15.215.9 3h.2 13.7 12.9 13.3 13.9 14.2 16,0 17.6 1T7.0 16:) 3L.9
196L . 15.3 1h.0 “3k.5 AL C18.5 440 3l 135 32 3hh cphal akohoouly
1955  1k.& 1h.3 13.8:13.5 32.9 13,5 13:5 13.5 13.6 13.3 0150 12.8 13.5
1906 12,6 12,8 12,0319 10,9 30,5000 10,3 10.8 12,7 1246 126 L6
1957 12,9 15.9 13.2-13.0 13.613%.3 435 13.9 1.9 1hka7 1h.B- 15.5 0 1
1950 36,1 15.2 15.2 106 13:513.1 18:8 “13.3 93:6 137 135 -33.5 1h.1
Period«
of «record -
average
since : '
b4 34,0 13.7 13.9 1A k4 15.0 15.1 14.9 dk5

1912 14.8 1k.6

15.3 ¥

Although the capacity of St. Lucie Canal was slmost doubled by the enlarge-
ment in 1949, caving banks and bottom filling since then have reduced the

channel efficiency.

The latest available rating curve gives maximum

regulatory discharges from the lake through St. Lucie Canal for various
leke stages as follows:

Lake stage

.thyz

13.5
15.0 .
15.5
16.5
17.5
18.0

Regulatory discharge

{c.f.8.)

5,500
6,600
6,950
7,800
8,800
9,300



Between 1945 and 1957, the years of prolonged heavy discharge from the
lake were 1947-48 and 1953-54., : : :

b. * From other areas.=-Discharge measurements over & period
of record for the North Fork of St. Lucie River and other areas draining
into 5t. Lucie Estuary are not available. However, the totel annual runoff
from the North and South Forks, exclusive of Lake Okeechobee releases, was
estimated from rainfall. The estimated total annual discharges into St.
Lucie Estuary from all sources, except rainfall on the estuary, during
. the period 1945-58 are shown on plate 5. .The estimated total amount of
runoff from the separate local areas for that period is shown on plate 6.
A comparison of plates 4, 5, and 6 shows the influence that the North
Fork can have on fresh-water conditions in the estuary. During years
when no lake waters are being released through St. Lucie Canal-esuch as
1950, 1955, and 1956--the North Fork contributes most of the total dis-
charge, and its effects are evident. In other years, the effects of
discharge from the North Fork area are often masked by the greater dis-.
charge from St. Lucie Canal. Instantaneous peak flood flows into the .
estuary from the North Fork River alone have been estimated to be as -
. high as 5,000 cubic feet a second and the total peak flows from all
‘runoff into the North Fork may reach 9,000 cubic feet a second under ex-
isting conditions. :

C. DISCUSSION OF THE PROBLEM

"~ 8. Effects of fresh-water discharge.-<a. Local contentions.--
Local interests in the Stuart area, primarily through the Stuart News and
spokesmen for the St. Lucie-Indian Rivers Restoration League, have con-
tended for many years that the release of turbid, fresh waters through St.
Lucie Canal has caused serious damages to fishing, boating, and esthetic
attractions in St. Lucie Estuary. In turn, the tourist industry, on which
the economy of that community is said to depend, is alleged to suffer in
years when winter discharges are made. Specific complaints of damage are
many and varied, the principal ones being that when the turbid fresh-water
discharge replaces the water of the estuary:

(1) The small fish, and sometimes larger ones, are killed.
(2) The marine game and sport fishes leave the area.

(3) Sport fishes disperse throughout the estuary so that they
are not easily caught.

(4) sport fishes won't take bait or lures when the water is
turbid.

" (5) Marine orgenisms such as clams, snails, and oysters,
unable to leave the area, are killed by the fresh water.



(6) Deposits of silt and ooze blanket the bottom, smother-
ing bottom animals and destroying aquatic habitats.

(7) Commercial fishing, inside and outside the estuary, is
damaged. ! :

(8) Crabs and shrimp are driven from the area.’

(9) The effects on fish, organisms, and their habitats
endure long after the discharge stops,

(10) Sailfishing off the coast has been seriously affected.

(11) Shoal aress are formed in the river mouths and near
the inlet, and boat navigation is effected.

(12) Real estate values'around the estuary suffer.

(13) Tourists won't come to or stop in Stuart during dis=-
charge periods and the business economy suffers.

b. Previous studies.--(l) General .~-News items and editorials
condemning the St. Lucie Canal discharge have been appearing regularly in
the Stuart newspsper for a number of years. In 1953, the local people
formed the St. Lucie-Indian Rivers Restoration League, the primary objectives
of which are discontinuance of lake releases through St. Lucie Canal and
- restoration of St. Lucie River to its former condition. The District Engi-
neer has received protests from the League following practically all dis-
charge periods. However, most of the allegations concerning the effects of
the discharge on fish and fishing in the estuary have no factual basis.
Prior to 1957, no comprehensive biological investigaetions had been conducted
in those waters. Furthermore, other matters not directly concerned with
present canal operations, such as removal of shoals, widening and deepen-
ing of the inlet, and real estate development, are of concern to local
interests and often linked and confused with the fishing picture in the
estuary.

(2) University of Miemi reports. --In June 1953, the Jack=-
sonville District contracted with the University of Miami Marine Laboratory
for a preliminary survey of the effects of releasing water from Lake Okee=-
chobee on marine life in the St. Lucie and Caloosahatchee Estuaries.
University personnel collected field data on salinities and turbidities in
relation to discharge and anecdotal evidence from local citizens and
analyzed fish-catch statistics already availasble. No biological samples
were taken. Three reports (see bibliography)-ssubmitted in January, March,
and June 195k--contained the following conclusions with regard to the
effects of fresh-water releases into St. Lucie Estuary:




(a) Temperature,ditsolved oxygen, and pH were not
sufflciently affected to be of importance.

(b) The severe and rapid changes in salinity
occurring as a result of lake releases were sufficient to cause temporary
exodus from the area of fishes preferring a more saline habitat, and it
could cause the death of forms unable to migrate.

(c) There was no indication of any serious reduction
in commercial—fishlng activity.

; (d) sSports-fishing business is believed to be
seriously harmed, although no damage may be done to the fish stocks them=-
selves. :

(e) Sediments are being deposited and retransported
in the estuary during and following lake releases. In relation to both
sports and commercial fishing, the effects of the sediment deposition
are of a more permanent nature than the effects due to salinity changes,
and control of the sediments was considered the most important problem
involved in the water releases. The effects of the sediment cannot be
fully appraised without a detailed investigation.

(f) Salinity changes and sediment deposition were
sufficient to cause substantial damage to the area ecology and fisheries.

(g) sSince continued releases of fresh water into the
eatuary to control Lake Okeechobee were necessary, the only possible means
of alleviating the i1l effects was to reduce the rate of flow and increase
its duration. The reports recommended careful study of canal operations
in that respect and detailed ecological investigations of the estuary in
relation to sediment and salinity changes resulting from canal discharge.

- 9. The sediment problem.-=a, Avallable sediment data.,--In 1953

and 1954, the Jacksonville District conducted a study to determine the ex~
tent of the sedimentation problem in St. Lucie Bstuary resulting from dis-
charges through St. Lucie Canal. Analysis of the problem was based on
data from previously available hydrographic surveys of St. Lucie Canal,
River, and Estuary dating back to 1883 and other data as follows:

(1) A series of suspended-sediment semples taken between
‘Port Mayaca and St. Lucie Inlet when full-capacity releases of the canal
were being made.

(2) Secchi disk observations of turbidity at & number of
locetions between the lake and St. Lucie Inlet.

(3) Chemical and mineral analysis of samples of water flow=
ing through St. Lucie Canal, as well as the amount of material in the water
that would be flocculated upon mixing with sea water.



(4) Examination of the soils above the waterline along
the banks of St. Lucie Canal and in the spillway outlet channels between
Lake Okeechobee and St. Lucie Dam during full discharge conditions. Re-
sults of that study were presented in Part IV, Supplement L4 (reference
4d). The sedimentation problem in the estuary resulting from St. Lucie
Canal discharges, as indicated in Part IV, Supplement 4, and other
sources, is summarized below.

b. St. Lucie Canal.--Lake Okeechobee water released through
St. Lucie Canal carries fine sand, shell fragments, and organic material’
into St. Lucie Estuary. The very fine organic material (clay or muck) usually
suspended in the lake water gives it a dark, turbid appearance. When re-
leases are being made, the turbid fresh water replaces portions of the salt
water in the estuary. Although most of the organic material is carried into
the ocean, some is deposited in places in the bay area where velocities are
very low or in the mixing zone of fresh and salt water, which causes the
material to flocculate. Even though the major portion of the organic
material carried from Lake Okeechobee by the releases is not deposited in
the estuary, it is obJjectionable to the people in the area because the
water appears dirty and turbid. In addition, some desirable sport fishes
may leave the estuary when turbid water is released. Under high flow con-
ditions, there is rather uniform turbidity between Lake Okeechobee and
Stuart. When canal discharge is discontinued, turbid conditions in the
estuary clear rapidly unless there is heavy runoff from other sources. The
principal source of sand material carried by St. Lucie Canal is from bank
caving in stretches of the canal between the dam and the lake. Only a
minor amount of sediment enters the canal now at the fixed spillways be-
cause of the retarding action of the structures and thick cover of vegeta-
tion upstream. Increased agricultural development and erosion of farm
drainage ditches are contributing to the sedimentation problem.  The
heavier sands picked up along the canal are deposited in the estuary as
soon as the velocity slows. The principal shoaling area is in the South
Fork in the vicinity of Palm City (plate 3) where the stream velocities
are suddenly reduced by the wider bay area. Hydrographic surveys indicated
the Palm City shoal contained 1,183,000 cubic yards more material in 1954
than in 1932. Channel dredging is required at intervals to restore naviga-
ble depths in that vicinity following prolonged periods of discharge. Be-
tween 1937 and 1954, hydrographic surveys indicated material was eroded
from St. Lucie Estuary downstream from United States Highway 1 bridge at
Stuart, showing that the majority of the sediment from St. Lucie Canal is
not carried farther than the Palm City area.

c. Other sources.--Other streams and agricultural canals in
St. Lucie and Martin Counties contribute to the sediment problem in St.
Lucie Estuary. The North Fork Estuary receives sand from agricultural
areas and some organic materials from swamps in St. Lucie County. Turbid
waters from the North Fork area are in evidence far down the main estuary
during runoff periods when St. Lucie Canal is not discharging. Secondary

10



drainage canals in St. Lucie County are largely uncontrolled as is the
primary canal (Rim Ditch) leading into the North Fork of St. Lucie River.
Under such conditions, sediment materials have been carried unimpeded to
the mouth of the river where large sandbars and shoals have formed: Boat
navigation from the estuary to the North Fork River has been affected by
those shoals. The shoals are being removed in the construction of Canals
23A and 24 now in progress. Shoal areas are also found in the mouth of
Bessey Creek (C-23), emptying into the North Fork, and numerous shifting
sandbars and shoals are located in the mouth of the main estuary near the
inlet. The latter are believed by some local fishermen to be the result
of St. Lucie Canal discharge. However, there is indication that little

of the heavier sand material from St. Lucie Canal is carried that far
down the estuary. Since those lower shoals are constantly shifting, it is
more reasonable to consider that they are the result of storm-tide action
on adJjacent beaches and relocation of existing shoals through normal tidal
action. Finally, sewage from a large portion of the local population is
discharged into the estuary without treatment and no doubt adds to the
sediment problem, :

10. DNeed for further detailed studies.~eA wide range of ill effects
and damage claims has been applied to the turbidity and salinity changes
~ occurring in St. Lucie Estuary during periods of discharge through St.
Lucie Canal. However, no factual evidence or biological data were avail -
able to indicate the kind and extent of damages to support such claims.
There are many varied reasons and factors, not necessarily connected with
project operations, why fishing may be better or worse at one time than
another or why people do or don't go fishing at certain times. Actual
surveys of the estuary's fishes and animals under various discharge con-
ditions had not been conducted by any agency. Sedimentation studies indi-
cated that St. Lucie Canal carried and deposited sands in the shoal area
at the head of the estuary and that releases of turbid Lake Okeechobee
waters spread throughout the estuary and into the ocean. The immediate
or permanent effects of that turbid water on estuarine fishes and animals
and their environménts were not known. .The fresh-water discharge was
believed to cause some fishes that desire more saline conditions to
leave the area, but its effects on the majority of fishes and animals that
usually live there and the normal sessonal movements in and out of the
estuary were not understood. Evidence from studies elsewhere indicated
that many marine fishes and organisms could live in very low salinities
{Gunter, 1945) and that the nutritive materials brought into brackish
estuaries with fresh-water discharge were beneficial to the production
and growth of estuarine life. Furthermore, the contribution of runoff
from the North Fork to the physical and biological conditions im St. Lucie
Estuary was unknown. Before practical recommendations for regulation of
 discharge operatiens could be advanced, it was first necessary to deter-
mine (1) the biological and physical conditions existing in the estuary
- in all seasons without Lake Okeechobee releases; and (2) the temporary

and longer lasting effects on each of those conditions of various rates
of discharge from the lake, in the form of either damages or benefits.
%
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With such data available from detailed studies, the possibilities within
the requirements of the project of permanently changing or seasonally
varying present operations to provide the most desirable or the least
damaging conditions for fishes and fishing in the estuary could be con-
sidered.

D. PRESENT INVESTIGATIONS

ll. Other agencies.--a. United States Fish and Wildlife Service.--
Under the provisions of the Coordination Act (P.L. 732, [9th Cong., 1946),
the Jacksonville District has made funds available to the Fish and Wild-
life Service for studies in the St. Lucie Estuary area as follows:

(1) central and Southern Florida Project--St. Lucie County
Canals (Canals 23, 23A, 2L, and 25).--The Service was requested to study
the effects on fish and wildlife of the proposed improvement of those
drainage canals to accelerate surface runoff of floodwaters into the
North Fork Estuary and Fort Pierce Harbor. The field investigation was
conducted during Fiscal Year 1957 (July 1956 to July 1957), the last year
of a very dry period. An interim letter report was submitted in January
1957, and a second interim report was submitted April 22, 1959. The lat-
ter was a final report on all phases except the effects of discharge into
the North Fork on the fishes and conditions of the main estuary. Annual
damages resulting from the increased frequency of higher discharges into
the North Fork, and based on future fisherman-use of that area with and
without the project, were estimated to be $46,000. Copies of the summaxry
letter of the Regional Director transmitting that report and the comments
of the District Engineer thereon are presented in appendix A.

(2) central and Southern Florida Project--Lake Okeechobee
regulation.-~-A l-year comprehensive biological study of St. Lucie Estuary--
with specific reference to the effects on estuarine fishes and animals and
fishing, both sport and commercial--of Lake Okeechobee releases through
St. Lucie Canal was conducted during Fiscal Year 1958, The reporting
date was originally scheduled for December 31, 1958, but at the request of
the Service was delayed until March 1, 1959. A report on that investiga-
tion has not yet been received.

b. Florida State Board of Conservation, which is concerned
with the administration and conservation of marine fishes and animals, was
requested by the Central and Southern Florida Flood Control District to
investigate the effects of all project discharges into St. Lucie Estuary.
A preliminary report containing numerous conclusions as to expected
damages, but no basic biological data, was submitted to the Flood Control
District in October 1957.

12. Corps of Engineers.--a. Supervision of study by marine consult-
ant,--In view of the complexity of the problem associated with the regulation of
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project discharges and the inadequacy of information on comparable
biological conditions, it was considered desirable by the Corps to en-
list the services of a professional consultant in the biological field
to work with the district biologist in the investgation. As a marine
biologist with thirty years' experience with Gulf and South Atlantic
coastal fisheries, and Director of the Gulf Coast Research Laboratory at
Ocean Springs, Mississippi, I was employed in that capacity.

b. General plan of investigation.--The concept of the investi-
gation was focused on the specific operational requirements of the proj-
ect with sampling directed to identification of the important indicator
species and what happened to them under various conditions related to
the project. The foundation of the study was to be a comparison of the
fishes, shellfishes, other aquatic organisms, and the physical condi-
tions found at selected stations throughout the estuary in all seasons
and under varying conditions of freshwater discharge from St. Lucie Canal.
Since sport and commercial fish catches were to be included in studies
of the Fish and Wildlife Service, emphasis in the district investigation
was to be placed on the small food and bait fishes and animals and the
young of sport and commercial fishes. Those groups are normal seasonal
inhabitants of estuaries. Being more easily sampled than adult forms,
they would furnish generally reliable indications of the temporary and
permanent effects of physical changes in the estuarine environment, its
inhabitants, and overall production. In addition, data on daily fishing
pressure and fish catches below St. Lucie Lock and Dam were recorded to
determine the effects of varying releases on that fishery.

c. Collection of basic data.--(1l) Sampling gear and methods.--
Trawl samples were collected with a 20-foot otter trawl of l-inch stretch
mesh in the main trawl section and 1/2-inch stretch mesh in the bag.
All trawl hauls were of l5-minute duration in water at least T feet deep.
(see fig. 1.) Seine samples were collected primarily with a 50-foot,
1/2-inch-mesh beach seine, the middle 25 feet of which was backed with
bobbinet material. Occasional supplemental seine drags were taken with a
20-foot, l/h-inch-mesh minnow seine. Top and bottom water temperatures
and water samples for salinity determination were taken along with each
trawl and seine sample, Salinities in parts per thousand were determined
from direct-reading salinity hydrometers with correction for temperature
differences, In certain instances where the salinities in the water samples
were too low for accurate determination with the hydrometers (Sept. 1957,
Jan. 1957, and May 1958), total chlorinities were determined by titration
by Dr. Robert Miller, Chemist, of Fort Pierce, Fla. Those values were
later converted to total salinities. Light penetration or gross turbidity
was measured in inches with a standard 12-inch weighted Secchi disk. All
fishes and ‘organisms collected in each trawl or seine haul were counted
and measured according to species. Specimens whose identity could not be
readily determined were preserved for later study at the Gulf Coast Re-
search Laboratory.

(2) Location and description of sampling stations.--The
approximate locations of the various trawl (TS) and seine (SS) stations
are shown on plate T; detailed station descriptions are given below.
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Biological sampling, St. Lucie Estuary, 24 Feb. 1958.
Fresh-water discharge at St. Lucie Lock 4,800 c.f.s.;
salinity in estuary less than 1 p.p.t.; turbidity (light
penetration) less than 1 foot. Upper: Emptying trawl
after 15-minute drag at station TS6. Lower: Portion of
above trawl sample of fish and crabs at station TS6.

FIGURE 1



>

(a) Trawl stations.--Seven trawl stations were selected-=
four in the inner estuary, near the head and mouth of both the South and
‘North Fork sections, and three in the outer estuary. The outermost trawl
station was located in the area farthest upstream from the inlet where
some bottom salinity could be expected to be maintained by daily tidal
action, even during the period of greatest fresh-water discharge from
St. Lucie Canal. Furthermore, that station was above the mouth of Indian
River, a separate water system that also discharges into St. Lucie Inlet.

The seven trawl stations are described as follows:

TS1l--In channel above (south) Palm City bridge in the
South Fork of St. Luci® River; depth, 9-11.5 feet;
bottom-~sand and muck; sand shoals on each side of
channel . : :

TS2--At the Y at mouth of South and North Forks between
channel marker 24 and Highway 1 bridge; depth,
8.,5-12 feet; bottom--muck and sand.

TS3--Near head of North Fork of St. Lucie Estuary; depth,
7-10 feet; bottom~--muck, sand, and detritus.

TSk --Off the mouth of Bessey Creek in the North Fork
of St. Lucie Estuary; depth, 9 feet; bottom--sand
and muck. : ' ol

TS5--In channel north of Stuart and east of Highway 1
bridge, between beacons 22 and 23; depth, 8 feet;
mud bottom with many dead Mulinia shells.

TS6-~In main estuary east of Stuart, at bend where
river turns south near marker 21; depth, 9 feet;
bottom--sand, mud, and detritus.

TST--0ff Port Sewall in outer estuary between markers
1k and 15; depth, 10.5 feet; bottom--muck, trash,
and vegetation.

(b) Seine stations.--It was desired to have a comple-
mentary seine station on the shore adjacent to each trawl station. How-
ever, because of the rim of mangrove trees, especially in the North Fork,
and other vegetation growing down into the water, suitable sites for
beaching seines were scarce in the inner estuary (See fig. 2.) In the
outer estuary, residences were prevalent along the shorelines, and beaches
vere plentiful (fig. 2). A total of six seine stations--three each in the
inner and outer estuaries-~--was selected. Only trawl station No. 4 in the
North Fork did not have a complementary adjacent seine station. From 1
to 3 seine drags, enough to get a representative sample of fish, were made
if possible at each station during each sampling period. On two occasions,

"
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Biological sampling with 50-foot beach seine, St. Lucie
Estuary, February 1958. Upper: Seine station 3 in -
North Fork. Lower: Seine station 2 in outer estuary

FIGURE 2




November 1957 and October 1958, exceptionally high waves and wind tides
eliminated beaching sites and prevented sampling of some seine stations.
The six seine stations are described as follows:

SS1-~-Beach along Sewall Point on east shore of
estuary; sand bottom with mangroves at edge of
water; new station (SS1A; see below) used after
first sample.

SS1A--Beach on west side of estuary near marker 1l4; sand,
_shells, and debris; residential area with palm
trees and flowering shrubs, several boat docks.

S52--Beach on north shore of estuary opposite Stuart
and east of Highway 1l; sand bottom with some rocks.

S53-=Small beach near head of North Fork Estuary on west
shore; soft bottom with plants and debris; mangrove
trees. :

SSk--Around shoals in South Fork above (south) Palm City
bridge; hard-packed bottom, somewhat slick with
algae and mud film; many dead Rangia shells.

‘SS5--Beach in South Fork near Y on west shore opposite
Stuart around point SW. of marker 25; sand bottom.

SS6--Beach at point in outer estuary NE. of Stuart
vwhere river turns south; SW. of marker 21 and
TS6; sand bottom.

: (3) Extent of sampling during period of investigation.--
Sampling in the estuary was begun January 26-29, 1957, and continued
periodically during various discharge conditions for the next 2 years.

A total of 10 samples was taken during the 2-year period--5 in 1957

(Jan., May, June, Sept., and Nov.), 4 in 1958 (Jan., Feb., May, and Oct.),
and the final one in January 1959. During five of the sampling periods
(Jan., May, and Nov. 1957; Oct 1958; and Jan. 1959) there was no discharge
from St. Lucie Canal. The discharge of lake water on the other occasions
was as follows:

Discharge
(ef.s: ) Date
2,200 - June 1957

6,600 Sept. 1957
7,380 Jan., 1958
4,000 Feb. . 1958
5,200 May .. 1958
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Fish samples in January of three different years, on about the same
dates (27-28), permitted comparative observations during a nondischarge
period after 3 years of no discharge (1957); during a period of heavy
discharge (1958); and during a nondischarge period, after a year of
almost continuous fresh-water releases during most of the spawning and
growing period. The total number of trawl and seine hauls taken in the
three main sections of the estuary during each sampling period is given
in table k.

TABLE L

The number of»hauls with different gear in South Fork,
North Fork, and outer St. Lucie Estuary for each collection period

T

Collection périod and number of hauls

1957 ' S 1058 " 1959 motal
_Jan.' May‘:l_'une‘sept.‘_l\fov. JaNe 'FehD, ’ May‘Oct, Jan,

Item

Trawl
Inner estuary
South Fork-- 2 2 2 2 2 2 2 2 2 2 20
North Fork~- 2 ? 1 2 2 2 2 2 2 2 19
Subtotal--~ 4 L L L b L L L L 39
Outer estuary=__ 3 3 o L T o . S 29
Totalemwans T di i 7 T i e % 68
Beach seine
(50« Pk ) =
Inner estuary
South Fork-- 5 T b 1 a8 2 0 2 28
ponhialee 3. B R G B 2R S0 g 0 16
Subtotal ==+ 8 G 5 7 SN L 3 1 2 Ll
Quter estuary- 6 6 '3 e Bk o h 3 47
Totalw==me=w 14 DR R ) 8 8 G| OB 5 91
Minnow seine
(20 £%.)
Inner estuary
South Forks= « - 2 - - - - < 0 0 2
North Foykes = = § o 2 2 I
‘Subtotalmwe - - 2 - & 2 2 6
Quter estuary- - o= ;6é“ O 0 6
Total ~same= 8 - = B B 12

Seand total—van bl 10 9L 80 15 35 18 dT ik oh -
: 16




E. PHYSICAL CONDITIONS DURING STUDY PERIOD

13. Fresh-water discharge into St. Lucie Estuary.--a. From Lake
Okeechobee. -~Lake Okeechobee stages on the last day of the month for
1957 and 1958 are given in table 3. The lake-regulation schedule in use
at that time (plate 8) operated the lake levels seasonally between 12.5 and
15.5 feet. Under that schedule, discharges were required through St.
Lucie Canal whenever the lake elevation was in Zone A. It was also
necessary that the lake level be lowered to 13.0 feet by June 30, prior
to the hurricane season. The average daily rates of discharge through
St. Lucie Lock and Dam during 1957 and 1958 are given in tables 5 and 6
and graphically depicted on plate 9. The opening of the gates to re-
lease a small rate of flow on May 15, 1957, was the first regulatory
discharge from Lake Okeechobee in 3 years. Compared to other years, 1957--
except for a 2-month period during the peak of the rainy season--was a year
of relatively low discharge. Peak flows for 5 weeks in September and
October 1957 averaged about 7,000 cubic feet a second. The total dis-
charge for 1957 was 859,200 acre-feet spread over 103 days. In contrast,
1958 was a year of heavy discharge, with a total of 1,873,660 acre-feet
released on 229 days. Exceptional off-season rains and high lake stages
in January 1958 required high discharges (over 6,500 c.f.s.) until mid-
February. Moderate releases of about 3,500 cubic feet a second were
made during most of March, but higher releases (6,500-4,500 cubic feet
a second) were required from April until mid-June to bring the lake down
to a safe prehurricane-season level. Discharge was cut off during the
last 2 weeks of June but was continued thereafter at moderate to low rates
- until September 9. No lake releases were made between then and the end of.
the sampling, January 27, 1959.

b. From other areas.--Average daily rates of flow and total
monthly discharge data are not available for the natural local watersheds
of the North and South Forks. However, comparison of the total annual
volumes estimated from rainfall (plates 5 and 6) gives an indication of the
contribution of runoff from those areas to the total discharge into the
estuary. In 1957, the total annual runoff from the North Fork was
380,000 acre-feet, or 28 percent of that which was discharged into the
estuary that year. Lake Okeechobee releases accounted for the remainder.
In 1958, there was higher discharge from the lake and a smaller percentage
of local runoff. The effects of the local runoff were evidenced on May
16, 1957, when heavy rains and runoff into the North Fork caused much of
the inner estuary to be of very low salinity before any lake water was
released through the South Fork. With no lake releases being made in
January 1959, the entire inner estuary was nearly fresh on the surface
and the outer estuary waters were of relatively low salinity, as a result
of recent heavy rains on the local watersheds.
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TABLE 5
St. Lucie Canal at

St. Lucie Lock and Dam

Discharges, 1957

(Regulatory releases from Lake Okeechobee)

Average daily discharge (c.f.s.)

Date ; . ; > .
May  June  uay  Aug. Septa Oct.

i1 2,200 5,400 6,530
2 2,210 5.010° 6,980
3 2,210 5,090  T,h00
L 2,210 54000~ 7,860
o 2,210 5,480 7,080
6 2,210 6,020 6,920
T 2,210 5,000 6,840
8 2,200 7,060 8,530
9 2,220 6,756 7,050
10 2,220 T:080 070
11 2,210 6,790 - 6,980
12 2,190 6,690 6,900
13 2,190 6,630 6,820
14 2,190 6,640 6,950
15 2,180 6,870 6,990
16 * 2,170 570 6,990 6,410
17 36 2,370 1,690 6,920 5,800
18 660  2,160% 2,240 6,800 3,610
19 660 2,170 2,150 6,840 2,350
20 910 2,170 2,240 6,870 2,330
21 1,140 + 1,090 2,250 6,790 © 1,310

22 %, 10 2,260 6,720

23 1,130 2,270 6,680%

2k 1,470 2,270 6,670

25 2,220 2,280 6,630

26 2,230 2,270 6,580

27 2,230 2,620 6,590

28 2,220 4,000 6,570

29 2,210 4,320 6,600

30 2,210 L,290 6,820

31 2,210 4,820
Total: :

Day-second -feet 22,970 L4k4,990 h2,540  192,46) 126,650
Acre-feet 45,940 89,980 85,080 389,920 253,300
Days 15 2L 16 30 21
Accumulative total 15 36 52 82 103

Total -~1957

129,610
859,220

NOTE: *Biological sampling day.
18
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1k, Salinity conditions.--The range and average of surface and
bottom salinities in the South Fork, North Fork, and outer estuary for
each sampling period are summarized in table 7. Surface and bottom read-
ings at individual stations will be given with the basic collection data
in an addendum to this report. Plates 10 through 19 show a schematic
presentation of general salinity conditions throughout the estuary during
each sampling period, based on individual station readings and tide stages.
Rates of fresh-water discharge from St. Lucie Canal are also shown. Dur=-
ing periods of no lake discharge or local runoff, the salinity concentration
generally increased steadily from the upper to the lower portions of the
estuary. With lake discharge, salinities at all stations were low down to
the salt-water front where there was a sharp increase, especially on the
bottom. Salinities conditions varied with the rate of fresh-water inflow
and the tidal condition. The salinity front was known to move up and down
the estuary for a considerable distance with changes in tide. However,
since the individual stations were sampled along with the fish samples at
different times of the day and tide, those data were not adequate to show
the daily variations in the position of the salt front. With lake discharges
as low as 2,200 cubic feet a second, the entire inner estuary was nearly fresh.
The same was true with local runoff from the North Fork. On all occasions
of lake discharge, there was still bottom salinity at the outermost station
of the estuary(TST), which is considerable distance upstream from the inlet.
The lowest bottom reading at that station was 4.5 parts per thousand when
7,380 cubic feet a second was being released through St. Lucie Canal. On
other occasions of high discharges (above 4,000 c.f.s.), the bottom salinity
at station 7 was much higher--for example:

Bottom

Discharge salinity

(cef.ss) {pepste)
6,680 23.0
55200 25¢5
4,000 29.4

Under normal conditions, the range of salinity from surface to bottom at

the same point would often vary 5.0 to 10.0 parts per thousand in the inner
estuary, probably as a result of local rainfall and light surface runoff.

In the outer estuary, the difference in top and bottom salinities was on
occasion more than 10.0 parts per thousand because of the interaction of
fresh-water runoff with certain tidal stages. Salinities in the inner
estuary ranged from near O top and bottom with either lake discharge or

local runoff to 5.0-20.0 parts per thousand under normal conditions. A
greater range of salinities was found in the outer estuary, from near

fresh to full sea strength, with various discharge conditions, but the bottom
salinities were less affected by fresh-water runoff than the inner stations
because the salt front remained in that area. The range of normal salinities
in the outer estuary was generally from 15.0 to 30.0 parts per thousand at
the upper stations and from 25.0 to 35.0 parts per thousand at the lower
ones.,
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15. Turbidities.--The Secchi disk readings taken at various stations
during each sampling period will be given with the individual station data
in an addendum to this design memorandim. They are summarized here in
table 8. The turbidity readings as measured during the investigation sub-
stantiated the conclusion of previous studies that the turbidity in the
estuary varied with the lake discharge and local runoff. On most occasions,
the turbidity increased directly with higher rates of lake discharge. How-
ever, it was less in September 1957 with 6,680 cubic feet a second dis-
charge than in May of that year when no releases were being made and in
June 1957 when only 2,160 cubic feet a second was being released. High
winds and wave action in both Lake Okeechobee and the estuary, which keep
sediment materials stirred up, are considered responsible for high tur-
bidities at certain times. Turbid waters from Lake Okeechobee did not ap=-
pear to penetrate too far into the North Fork, since on several discharge
occasions when the waters in the South Fork and main estuary were clear
to a depth of less than 1 foot, turbidity remdings were 1.5 to 3 feet higher
in the North Fork of the estuary. The highest turbidities were observed
in January 1958. With meximum discharge of 7,380 cubic feet a second at
that time, turbidities in the outer South Fork and estuary were 6 to 10
inches. Normal turbidities in the inner estuary appear to be 30 to 4O
inches and fn the outer estuary 36 to 60 inches. A fathometer survey con=-
ducted in October 1957 for the purpose of determining changes in depths of
bottom sediments in the estuary since l95h gave inconclusive results in
that respect, although there was no evidence of apprecigble deposition in
the area. Slight deposition of materials in some sections apparently re-
sulted from erosion of other reaches nearby. The mineral content of a com-
posite water sample from St. Lucie Canal (Sept. 11, Oct. 3, and Oct. 15,
1957) at St. Lucie Lock and Dam is listed in table 9. It shows that the
total nitrogen content of the water cominig into St. Lucie Estuary through
St. ILucie Canal was 0.8 part per million. In other analyses of St. Lucie
waters by the United States Geological Survey, the nitrate content (NO3)
through the years has varied from a trace to 2.0 parts per million. On the
basis of 0.8 part per million, there were 987 tons of nitrogen nutrients
discharged into the estuary in 1957 and 2,040 tons in 1958 by way of St.
Lucie Canal.
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TABLE 8

Range and average turbidity readings

in the South‘Fgrkg Nor@ﬁhfopk, and outer estuary

for each sampling period

T hake Turbidify reading (incheé)
Month discharge - S T '
(g.f.5.) South Fork North Fork Outer estuary
o, e < SEu ot y S
1957
Jan. 0 36' 54 60
May 0 2L 24 24
June 2,160 12-15(13.5) 2l 22-30(27)
Septe 6,680 28 29 26-27(26.5)
Nov. - 0 No readings because of loss of disk
1958
Jan. 7,380 6-12(8) 22-31(25) 9+12(10)
Feb., L, 000 11-12(11) - 50 12
May 5,200 16-21(18)  1bk-2L(21) 12-15% (k)
Oct. 0 34-38(36) L2-48(k5) 36-48(1k1)
1999
Jan. 0 28-31(30) 36 36-40(38)
s
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TABLE 9

Mineral content of composite water sample

from St. Lucie Canal at St. Lucie Lock and Dam

(Sept. 11, Oct. 3, and Oct. 15, 1957)

Dissolved s0lidS-mrmeccvncnecnnname=
Calcium 858 C-mmm—ccucececccnnana—-
Magnesium as Mg-=-=-ccccecmcccacaa-
Sodium and potassium as No-wewewew-
Iron as Fe (soluble)==eeeecmecacaa-
Silica as 8102 .....................
Sulfates as SOM ....................

Chlorides as Cle==e-eccccccmcccanaaax
Nitrogen 8s Neeweweeeccecccccccncaaaa
PhosSphOruS==-e=mceccarecccccccacanam"
Alkalinity (methyl orange) as CaCo5

(phenolphthalein) as CaCO, ===
Total hardness as CaCO3 ............
Carbonate hardness as CaCO3 ........
Noncarbonate hardness as Caco3 .....

Free carbon dioxide as CO. ==mmeecw-=

Sk

Parts per million

194
32
8
16
0

5

20

30
0.8

16. Temperatures.=--a. Water.--The range and average of the surface
and bottom water temperatures measured at each sampling station are summa-

rized for all stations for each period in table 10.

Individual station

records will be given with the basic collection data in an addendum to

this report.
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TABLE 10

Number of readings, range, and average surface and bottom
water temperatures for all stations during each collection period

(Readings in degrees Fahrenheit)

Surface ; Bottom
; ¥ Y T e CGrand
Date Number Number average
of Range  Average of Range  Average
readings " readings
1957
Jan. 27 12 13:6-76.8  7h.8 7 T20=T0.1 Tl b
May 16 12 79.9-87.3 83.1 7 o300 - 9.5 8L
June 18 7 82.6-86.5 85.0 5 B2.6-Bl.7 - 83.5 84.3
Bepts 23 . 12 82,6-87.6 85.0 6 73.2-82.6 T6.8 82.2
Nov. 13 10 70.9-T1.8 T1.2 7 (5 - s O 4 S
1958 |
Jan. 28 9 59.0-63.9 61.7 5 59.9-62.2 61.2 61.5
Feb. 24 13 58.0-70.0 62.5 7 58.0-66.0 60.4 61.7
May 19 13 76.0-80.0 78.2 id 76.0-01:0 I7.8 . 8.0
Oct. 27 Ak 72.0-78.0 75.3 7 e 0500 - 9597 15
1958
" Jan. 27 13 68.0-7h.0 " 0.9 7  66.0-T2.0. 68.0 69.9

In 1957, the average water temperatures in the estuary samples varied from a
low of T0.5° in November to a high of 87.6° in September. In comparison,
1958 was much colder, with lows of 59° and 58° in January and February
respectively. The surface and bottom water temperatures averaged 13° colder
in January and 50 colder in May 1958 than in 1957. Surface waters generally
averaged a few tenths to 3 degrees warmer than the bottom waters, except in
October and November when the reverse condition occurred. The year 1959 was
milder than 1958 but not as mild as 1957.

bs é&gf—-The average daily maximum and minimum air temperatures at
Stuart, for the three winter periods of this investigation (Nov. through Feb.
1956-57, 1957-58, and 1958-59), were extracted from Climatological Date for
Florida and are summarized in table 11. The winter of 1956-57 was a mild
season, with no freezing days during the L-month period. Only five times--
3 in November and 2 in December--did the temperature reach 4L0° or below.



The lowest January temperature was 42° on one day, and once in February 1t
"went down to H4° . The average maximum and minimum dally temperatures be-
tween October and March were about 789 and 58° respectively. In contrast,
the winter of 1957-58 after November was an exceptionally cold year for
all of Florida. Freezing temperatures were recorded at Stuart on 6 days--
once in December, twice in January, and three times in February. Tempera-
tures below LO® were recorded 16 times during the December-February period,
9 of which were in February. Maximum temperatures aVerageilOO and 12° colder
in January and February 1958 than in 1957; minimum temperatures averaged

6° and 16° colder,respectively. That exceptionally cold winter resulted in
heavy losses of tourist business throughout central and southern Florida.
The winter of 1958-59 was again a comparatively mild period, ‘and; in Novem=-
ber and February, was warmer on the average than the 1956-1957 season. In
contrast to the previous year, the minimum daily February temperature
averaged 20° warmer in 1959 than in 1958,

TABLE 11

Range and average of maximum and minimum daily air

temperatures at Stuart, November through February

1956-57, 1957-58, and 1958-59

Daily air témperature (degrees Fahrenheit)

Month Bk Maximum » Minimum

: Range ; Average‘“: : Range b Average
Nov. 1956 69 0-8L.0 5 . 34.0-73.0 58,0
Dec. 1956 62.0-87.0 Tl 36.0-T70.0 56.6
Jan. 1957 69.0-83.0 776 . k2,0-68.0 56,2
Feb., 1957 73.0-85.0 79.0 4l ,0«T71.0 61.2
Nov. 1957 72.0-87.0 80.6 51.0-72.0 65.1
Dec. 1957 56,0-82.0 3 & 29,Q0-T1.0 55.9
Jan. 1958 50.0-78.0 67.6 30.0-64.0 50.0
Feb, 1958 53.0-85.0 66.9 30.0+68.0 5.1
Nov. 1958 T4.0-90.0 83.6 56.,0-T4.0 8 617
Dec. 1958 65.0-83.0 ThaT 41.0-71.0 57.2
Jan. 1959 59.0-85.0 12.5 33.0-69.0 5,1
Feb. 1959 72.0-88.0 81.1 58.0-72.0 64,9

i ~ ——




17. Summary of physical conditions in the estuary during the study
Eeriod,--The period of the investigation was one of contrasting physical
conditions. The winter and spring collections in 1957 were made when there
had been no fresh-water discharge from Lake Okeechobee for 3 years., Salin-
ities were high and temperatures mild. There was a heavy discharge period
that fall, but none from mid-October to January. In 1958, except for
brief periods, discharges were moderate to heavy throughout the winter
and spring and low to moderate throughout the summer until early September.
The inner waters were fresh and turbid and the outer waters of low salinity
in accordance with the discharge. The winter of 1957-58 was abnormally
cold, with several freezes. There was no discharge, and salinities and
temperatures were high from September 1958 until the end of the study in
January 1959. Salinities during the period ranged from zero to 20.5 in
the inner estuary and from zero to 36.0 parts per thousand in the outer
estuary, Water temperatures ranged from 59.0 to 87.6° and turbidities
from 6 inches to 5 feet. Low salinities in the estuary, as a result of
local runoff from the North Fork watershed, were experienced on several
occasions when no lake water was being released. Fish samples were col-
lected on five occasions when there were no lake discharges and five when
the rate of release ranged from 2,160 to 7,380 cubic feet a second.

F. RESULTS OF BIOLOGICAL SAMPLING

18. The fish catch.~--Table 12 indicates that 83 species of fishes
were taken during this investigation. Seventeen were fresh-water species:
the remainder were marine. The separation is made on the basis of spawn-
ing locality-~-that is, in fresh or salt water. Table 13 lists the
most abundant fishes taken in this study. Six species made up almost 90
percent of the total catch, and addition of T more species brings that
total to over 95 percent. The remaining 70 species made up less than 5
percent of the total catch. Of the 13 most abundant species, only 2--the
black crappie and the white catfish--were fresh-water species and they
made up about 1.5 percent of the numbers taken. The remaining fishes were
all marine, although all but one are capable of undergoing wide salinity
changes--that is, are euryhaline. Therefore, they are largely character-
istic of shallow shores and inshore waters. Furthermore, such fishes
have a characteristically similar life history. They spawn in high or
higher salinity waters and move back into lower salinity waters to grow
up. Thus, most estuaries, such as the St. Lucie, are characterized
biologically as nursery grounds. Total length data are not presented
here; but it may be categorically stated that the majority of fishes
caught were the young. Table 1L indicates that almost precisely two-
thirds of the hauls were made with the minnow seines next to shore. Fur-
thermore, this table shows that the numbers of fishes taken in the seine
hauls were about four times as numerous per haul as those taken in the
trawl catches. Table 15 indicates that the seine catch preponderance--
which totaled almost seven times more than trawl catches--was caused by
the catch of four species--mullet, menhaden, silversides, and anchovy.
These were predominantly larval and juvenile fishes which reside in shallow
waters and only the bay anchovy was taken in any numbers in the trawls.
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Further examination of the data (table 16) indicates that the vast pre-
ponderance of yourig shore fishes; chiefly mullet and menhaden, were caught
in January, February, and May 1958, when the spillway gates were open. In
the midwinters of 1957 and 1959, the preponderance of seine-caught fishes
over trawl catches was considerably less when the gates were closed. If
the catch data from the 50-foot seine hauls were expanded to cover the
entire 35-mile shoreline of the estuary, a rough approximation of the
number of fish per mile of shoreline would have been 822,000 in January
1958, during the heavy discharges; as compared to 5,400 per mile in
Januvary 1957 after a long period of no lake discharge. Similar gross
comparisons could be made for other periods during the 2 years of sampling.
Table 17 lists the less numerous fishes in arbitrary divisions of abundance.
They are-more or less self-explanatory. Table 18 gives the frequency at
which various fishes were taken with different gear. This does not cor-
respond except in a general way with total abundance. For instance, the
sea catfish, sand perch, and whiff were taken in a considerable number of
hauls but in relatively small numbers. ,Table 12 lists the riumbers of
fishes taken in the three divisions of the estuary.- In general, the South
Fork was no saltier than the North Fork. However, the South Fork salinity
varied with the opening of the gates and the North Fork salinity was often
low from natural drainage. This probably accounts for the larger number

of marine fishes taken in the South Fork, although the numbers of species
of both fresh- and salt-water fishes were much the same in both areas.

The higher salinity of the outer estuary is reflected in the small number
of fresh-water fishes and the abundance of marine species. This infor-
mation is summarized in table 19. An inspection of table 16 reveals

that the variations in numbers of the marine fishes is largely a re-
-fleetion of the numbers of menhaden, mullet, anchovy, and tidewater
silversides. The latter two were most abundant in the outer estuary. The
menhaden was most abundant in the twe inside forks and the little mullet
was least abundant in the North Fork; being about equally present in the
South Fork and outside estuary. The other most abundant fish, the croaker,
did not vary much with opening or closing of the gates--that is, fresh-water
drainage. - The common mojarra became less abundant. Table 16 also indicates
that 19 salt-water species, including the most abundant ones; and 10 fresh-
water fishes were most abundant when the water was fresher. That increase
included overvwhelming numbers of mullet; menhaden, and silversides. A few
fishes-~the pompano, puffers, mojarras, and a few other saliniphilous species=--
became less abundant when the water was fresher. The commercial fishery
catch, treated in a later chapter; shows similarly that there was increase
or decrease of certain species when the locks were open, but there was no
decline of salt-water commercial species as a whole. In essence, the area
under consideration is an environment for estuarine or euryhaline fishes.
When the salinity is lowered; many of them flourish in greater numbers than
ever and & few high-salinity forms leave the area. However, the region cer-
tainly does not become barren, and in one sense it becomes more productive
as indicated by the large crop of young fishes. The menhaden, mullet, and
silversides are forage fishes and a greater production of these will lead
to an increase of game fishes elsewhere, possibly in the outer estuary at

a later date. Mackerel and pompano and some other high-salinity fishes
leave when the salinity drops; but the statement that the gate openings



result in barren waters and a death of small fishes is completely spurious.
Summaries of these data are given in tables 5, 6, 19, 20, 21, and 22. 1In
this respect, obgervations are somewhat subjective because of the lack of
comparative figures which would be derived from theoretically controlled
flows, but at least there is nothing in these observations contradictory
to the idea that an opening or flow up to 3,500 cubic feet a second from
St. Lucie Lock and Dam i8 beneficial to the general life of the estuary,
and it is believed that & continuous flow of about 2,500 cubic feet a
second would be an optimum. Much higher flows (up to 7,400 cubic feet a
second) were not found to be damaging to estuarine life; and, in fact,

the greatest production and survival of young fishes was found to occur

in the spring of 1958 during the period of continued high fregh-water
discharges from Lake Okeechobee (plate 20). The tons of nutrient material
brought in with the fresh water are undoubtedly partly responsible for the
higher production, since this same phenomenon has been observed and

measured in other areas (Viosca, 1938; Gunter,

TABLE 12
S ———————

1953) -

gptal number of each species of fish caught in

thevSouth Fork, North Fork, and outer estuary

f

Number of fishes caught

Species X ! Gk
South Fork North Fork ety
AL i ¢ : PR VRP e, ’ e -

S‘tingar‘ee (Dasyatis sab iﬁ&) ot o B . o . T o “— 2 g
Spotted gar (Lepisosteus platyrhincus)essssasmns - : -

Tenpounder (FELODPS SAULUS ) ww mmmm e o mm oo s v s s 1 & e
Menhaden (Brevoortisa smithi)-esswsssumacemwescsws 1,388 1,38 97k
Threadfin shad (Dorosoms petenense)smweswmussmss L1 15 25
Gizzard shad (Dorosome cepedisnum)wawmssuesens - " L
Sardine (Harengula Pensacolas)w=swmemssmm —memnmun - - 55
Striped a,nchovy (Aﬁcho& hemfetus) Prra T —— - - 29
Bay anchovy (Anchos mitchilli)swswemwsssnsnwwnes L6s 177 8ol;
Lizardfish ( Synodus foetens ) G e B e e 86 R T & 1
Sea catfish (Galeichthys felis)«ssewswnssnssnnss 111 22 260
Gafftopsail catfish (Bagre maring)eesssssswssess 6 & -

Channel catfish (Ictalurus punctatusg)seswmssmmms 29 % L
White catfish (Ictalurus catus)sssewsim-sussesss 12k 22 17
Brown bullhead (Ictalurys nebulosus)sssseswsmews - 3 2
Golden shiner (Notemigonus Crysoleucss)sssmangws - . 3
Red minnow (Notropis meculatus)sswssesswgesstens 11 B I
Needlefishes (Strongylura Spp. )=s=s=ssssssssbnss - 6 15
Redfin killifish (Lucanis goodei) emesss~napvonse L . -

Marsh killifish (Fundulus confluenius)sssesssgus » 3 §

Seminole killifish (Pundulus seminolis)sssasssss - 2 -

Sheepshead killifish (Cyprinodon variegatus)sses - - 1
Plagfish (Jordanells floridae)ssswss«ssunanunnen 7 e =



TABLE 12--Continued

¥

Number of fishes caught

31

Species Y T

. South Fork North Fork Outer

' ) estuary
Mosquitofish (Gambusia affinig)-=-=-eeeeereane-" 3 1L 2
Least killifish (Heterandria formosa)-==-==w=--= 6 5T 1
Seahorsg (Hippocampus hudsoniug)--eew-vmmmcmeam 5 - i,
Scovells pipefish (Syngnathus scovelli)--=-=- —— - 16
Pipefishes (Syngnathus floridae )e==m==e=me——-—- ) & . T

( " louisianae)-se=-wmmecmen-

Redear sunfish (Lepomis microlophus)=-==mmeme—w 5 - -
Bluegill (Lepomis macrochirus)-=-=s-secermemmea- 1L 2 22
Dollar sunfish (Lepomis marginatus)--e-=-m-ee-= b - &
Bluespotted sunfish (Enneacanthus glorlosus)-—- i il 2
Black crappie (Pomoxis nigromaculatus)-==-=ew==== - 184 1
Round pompanc (Trachinotus falcatus)-==-===-e-- 27 - 16
Common pompano (Trachinotus carolinus)--==-ee-- = &5

Jacks (Caranx hippos)-=-=-emecsmemmecccccnceaas 1k - T

("  latus )eesmcemccccccececcccme————

Bumper (Chloroscombrug ChrySUrUS)=s=e-=-memeeeaaw T 5 3
Moonfish (Vomer setapinnis)-~=-ememsmmeccacaans - - 1
Lookdown (Selene vomer)--wee-mcmmmmmcscoconamnen - 1 5
Leatherjacket (0ligoplites saurus)-=se=memeema- 2 - 21
Snook (Centropomus undecimalis)-==-=-=====-a-u- 13 L 2
‘Mangrove snapper (Lutjanus EriSeus ) mmmmmmemmm—— 3 - 2
Spot snapper (Lutjanus synagris)-===eemcemeam-- 2 - 9
 Pigfish (Orthopristis chrysopterus)-===-emcewes - - 2
Sand perch (Diapterus olisthostomus)-=eww=meem- 33 17 48
Mojarra (Eucinostomus gula)--==s=e-mmeccmemcaes 125 361 490
Yellow tail (Bairdiella chrysura)-==-=-- —————— 76 9 12
Spotted weakfish (Cynoscion nebulosus)-~-==w=== - 5 -
White trout (Cynoscion regalis)-e=e=mmececaeee-o L8 16 66
Spot (Leiostomus xanthurus)--=-sec-msccmmcanaca 22 23 138
King whiting (Menticirrhus americanus)-==eemm== Co- 1t k2
Croaker (Micropogon undulatus)e--==s-ce-m-mcme=x 8ak 355 T
Black drum (Pogonias cromis)-===smesmececmcmmaa 6 L o
Red drum (Sciaenops ocellata)-==mmem-mensmman- 35 51 Ly
Star drum (Stellifer lanceolatus)s===se-ceaca-ax - - L
Sheepshead (Archosargus probatocephalus)-=--=-=- - 5 -
Pinfish (Lagodon rhomboides)-====emwe- ——————— 3 32 12
Spadefish (Chaetodipterus faber)--s--emcecacaas 3 - 20
Sergeant major (Abudefduf saxatilis)--=--we-e- - - - At
Cutlass fish (Triechiuvrus lepturus)--e---ceceeac ' - - 1
Mapo (Bathygobius soporator)-==-= —— m————— - - Z
Darter goby (Gobionellus boleosoma )=====mmm=emw 8 3 i)
Ocean goby (Gobionellus gracillimus)-=m==essew= 1 1 8
Sharptail goby (Gobionellus hastatus)=mew=sweem - 4 6
; {Continued)



TABLE 1l2-=Continued

Number of fishes caught

Species T T

South Fork North Fork Outer
estuary

Naked goby (Gobiosoma bosci)=====memeeeeea- il - -
Violet goby (Gobioides broussonneti)------- o 1 L
Barracuda (Sphyraena barracuda)-=--=-- - = - 3:

Silver mullet (Mugil curems)--=s---memeee-a 12 g -
© Striped mullet (Mugil cephalus)e=ee-eee=--- 5,570 1,77k 5,047
Rough silverside (Membras martinica)-b----- 9 i -
Tidewater silverside (Menidia beryllina)--- 436 179 1,04
Scorpionfish (Scorpaena grandlcornis) ------ - - 1
Sea robin (Prionotus tribulus)e=-=--=eieeea- L - 3
Gulf whiff (Citharichthys macrops)-=-====-- - - 5
Spotfin whiff (Citharichthys spilopterus)-- 18 30 Ll
Fringed flounder (Etropus crossotus)------- - - 8

Sole (Achirus lineatus)====--meceececacaaa- - 9 -
Hogchoker (Trinectes maculatus)--e===-=ee-- 20 10 39
Tonguefish (Symphurus plagiusa)==---- —————— 6 4 11
Northern puffer (Sphoeroides maculatus)---- - - 2
Florida puffer (Sphoeroides nephelus)=-==== - - al:
Marbled puffer (Sphoeroides testudineus)--- - 1 19
Spiny boxfish (Chilomycterus schoepfi)=--=--- - - 3

Total:

Fishes===a=--a —mmmmmmmmmeemmammeean 9,586 4,790 10,407
Species-smmemmemccmmcmcmmcecca———— 48 45 70
Number of samples-====---c-mecemea= 50 39 89
Average number of fishes per sample 08,7 122,8 126.8

NOTE: 1 dead eel (Anguilla rostrata) was caught in the November 1957 trawl
catch in the South Fork and several dead tarpon (Megalops atlanticus)
were observed floating and caught in trawl hauls in all three reaches
in February 1958,
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TABLE 13

Total numbers of fishes caught.apd_pgrcentage of total

cgteh for all species with more than,lOO»specimens¢¢St; Lucie Estuary

Scientific name

H

Common name

Total numbér

i

Mugil cephalus
Brevoortia smithi
Micropogon undulatus
Menidia beryllina
Anchoa mitchilli
Eucinostomus gula

Galeichthys felis
Pomoxis nigromaculatus
Leiostomus xanthurus
Tetalurus catus
Trachinotus falcatus
Cynoseion regalis
Sciaenops ocellata

Striped mullet
Menhaden
Croaker
Silversides
Bay anchovy
MoJjarra

Subtotal

Sea catfish

Black crappie

Spot _

White catfish

Round pompano

White trout (weakfish)
Red drum (redfish)

Subtotal

TO others

Total

?efcentag
gaught toﬁal ca
12,391 50.0

3,748 15.%
1,973 8.0
1,706 6.9
1,466 5.9
gIE 3-9
22,260 89.8
L ans i
185 0.2
10 . oy
163 9
143 0.6
130 0.5
127 0.5

b e el i e

23,584 552
1,199 4.8
2k, 783 1600
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TABLE 1L

Average catch3g§f haul of fishes teken in trayls and -

seines in each’collection in St. Lucie Estuary

gl Dﬁte

e

_ “Number of heuls and

average catch
. Seines ; Trawls : Total
Jan. 195?~—ﬁﬁﬁnw~-uﬂ-~~uﬁu—---~~~w~i~~;ﬁm-nmw lh S T = : él

May l957*~*~ﬁﬂm#~~ﬂ-~—hﬁ*ﬂﬁ;‘ﬁhwéﬁ—ﬂbubﬁ-*—ww
June l957ﬁ~ﬂﬁw-W-un*w-ﬂﬂﬂwﬂw*mnmq&ﬂu—uwﬁﬂmmup

SEP T o LODT me e o e s o i o v e i o o b B 8 0

Nov. 195?wﬂ—ﬂﬂmannumnm»aﬂuu--¢*ﬁ—m&q#a-;w*aww-
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‘Janﬁ 1958*ﬁn—h-ﬂ-#whumnmwwnwhwwuwmﬂunw*#hmhh’
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Total number of hauls, 1958~mwesmwms
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Grand total number of hAULS —wmwm s

Grand average catch--s«s-rarwommsman

- 65.3

12

TR

58.6

s “’.600

63,01
19

- 65.7

16 5 21
5.0 - 9k, 0 3h.1
13 7 20
2 h?ué u7c6 'h7«6
8 Sin 15"
8.5 28.7 17.9
63 33 96
k.0 52.6 L7.0
g dou i5
FRLD 32,8 4o8.,1

S o 7 15
893.1 6.1 506. 3
o e o g
372.1 80.8 252,2
1B T 1k
46,7, 33.6 4o.1
33 28 61
526.6 - 52.8 - 309.2
ek o Yl
184.8 16.3 100.6
el e 68 171 :
208.3 49,0 g -
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TABLE 15

Order of abundance of mest numerous fisheé

taken in seines and trawls in St. Lucie Estuary

all fishes collected.

V32

Seine catches h Trawl. catches
Species " Number of Species Number of
fishes caught : fishes caught
Striped mullet ~—wwmmmarn 12,387  ° Croaker=s=sseewmececccees gl
Menhaden == mm=mmsmmmwm - 3,745  Sea catfish=-w-eememe—a- - 381
Tidewater silversides-=- 1,706 Bay anchovy=s=sm=w-eameew=e 262«
BaY ANChOVY =mm = mw it s e 1,20k~ Black crappie-=m==mmm===== 183
MO JAYTE = mmm s 832~ White catfiSh--m--mmmemen- 161
CrOBKeT = = m o o e i 5 e it 502  -Mojarrasemermesmsmccocceeaa ‘ 1lhl—
SPOt ~memmmmcm i cnbcn e 1587 White trowt=-=-=-msmecee-- 128
Round poMpano ====em===== 143 Yellowtgil~eemomemcmscacan 97
Red drum===-=- 1 127 ‘Spotfin whiff-eemecccaceaax - 81
Least killifish-sevesmun 64 Sand perch-_n--~-h-__q-h-- 78
SATALINE == v i . o e om0 55 Hcgchoker--_a-----.a.s------ 69
Threadfin shad-=«-scmm—- }47 T Mhyeadfin ghad er-smmeee e 3)4,v
Darter goby---=s--ssws-es 6 Channel eatfishe--=m=m=mm=. - 33
: PinfiSh"'*-!ﬂ—-*‘m*‘ﬁ* 14-6 *Spo",‘;-u-----ﬁ-.n--- ---------- - 25_
Totalemmmmmmwcmmem= 21 062 Tota,-*~-~~—n -------- 3, Lhy
o S S 2
'NOTE The above catches of 23 s@acles represent 97 5 percent of the total of
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G;t“ Gates Gates

i clo88)55ed closed

Species of fish Jan. 28 27-28, Jan, 27, Total

195758 (2) 1959

Dasyatis sabina---—--c- oo _____ 3 5 :
Lepisosteus platyrhincus-----—c--—--o ;. 5 -
Elops saurus--—--—-—-—--_~—--—___________ S Pes ¥ 5
Brevoortia tyrannus-—--—-----__________ 83 o Y 463
Brevoortia smithi--------—__________ 2 o i 2’296
Dorosoma petenense------—---eoo oo 4 e o » 81
Dorosoma cepedianum---—--eeceaaeaoooo S 2 4
Harengula pensacolag--------cceaeoaaa & 1 4 s
Anchoa hepsetus-----=comomm e & 1 7 i
Ancho# mitchilli-—c-mcmmomme oo 318 16 8 1.471
Synodus foetens-------cecemo oo 3 g % 2 16
Galeichthys felig-====c—camcmmmaaoo 7T 19 4 ar
Bagre maring--------emmmm e 2 1 % .
Ictalurus punctatus--------cco_____ e 3 it
Ictalurus catus-—-=-—--ccoco e =tk = 163
Ictalurus nebulosus--=—---cceccacacaao =g 2 2
Notemigonus crysoleucag------——————-- R ‘ |
Notropis maculatuS-—=--ecececaaooo - % it
Strongylura Bpp.-----=---ccmcmmmeeeee - & 1 o
Lucania goodei-=--c-ccmmmmm e Bl s 3 £
Fundulus confluentus--=---eeco——oa___ =l g % 3
Fundulus seminolis-----c-cecmmccmaa__o = B 1 3
Cyprinodon variegatug--—---eececaaaaoo P & 1
Jordanella floridae------=eeee—ocoao_o = 3 7
Gembusia affinigs---e-eemmmmeeeo o =1 & 19
Heterandria formosa-----cececcaaaaaoo <] e % o
Hippocampus hudsoniug-------ceeacae_- 3 T & 1
Syngnathus scovelli-----cecmmacaeoo 2l % X 38
Syngnathus louisiangse------cecceaa_o 3 1 s -
Lepomis microlophus---=---cecccmmmaaao - _ it 1
Lepomis macrochirus-------cccceoac—a- =l & o
Lepomis marginatug-----------=-=--= - =l 35 % 2
Enneacanthus gloriosus-------c-ccea-- BB 2 7
Pomoxis nigromaculatus------coceeo—a- =1 =k - 185
Trachinotus falcatus--—---cccccca_ o - 50 6 145
Trachinotus carolinus-—-—-—-—cccamaacoa= -1 3 15
Caranx 8pp.-----—=-=--e-mememe o =1 i 2 30
Chloroscombrus chryswus---------—- - -l 2 1 .
Vomer setapinnig------——ccmmmmeo_ Tef 2 i
Selene Vomer-—-—--cecme o oo e ; = 4 i 6
Oligoplites saurus-----—--ceeeeeeo___ = 9 1 P
Centropomus undecimalig=--==eceeaeaa_- e 5 1 19
Lutjanus grigseus----—-——-ccceme - - 3 -
Lutjanus synagrig-----=----ceeeooeeoo -l 9 3 9
Orthopristis chrysopterus---——---—---- - % 2
Diapterus olisthostomug----------- - -1 22 2 79
Eucinostomus argenteus-—---——-ceecee--o- 21 30 200 560
Eucinostomus gula=-=--=c-comcemcuaaa- 19,44 165 4“3
Bairdiella chrysura-----—ceeeeoao—o 10 16 2 97
Cynoscion nebulogus-====-ccccmamaa - =3 o g 1
Cynoscion regalig------cmmmmmmeeea - 12| 49 = 133
Leiostomus xanthurus------eeeeeeo—__ = 1 1 183
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GateiGates  Gates

. closeclosed closed
HEE s vk Llsh Jan. 28t. 27-28, Jan, 27, Total
1957358 (2) 1959
Menticirrhus americanug----------=--= 1552 - 13
Micropogon undulatus----------ceaceu- 18 21 424 1,966
Pogonias Cromis§-=-=---eeeeeeeemeao—oo e - 24
Sciaenops ocellata--=--=-=-eceeececaoao 8 51 GRS 2 127
Stellifer lanceolatus------------c-oo - = - 4
Archosargus probatocephalus-~-------- - - - 5
Lagodon rhomboides-~--=-ce-ccecmmamaao [5= ; 1 47
Chaetodipterus faber----------=----oa =118 L 21
Abudefduf saxatilis---------cccmcaaao | - - i
Trichiurus lepturus----------ccceoaoo - - - b
Bathygpbius soporator-------------—-- - = - ik
Gobionellus bcleosoma=---==-=-=ceecceue - - 2 51
Gobionellus gracillimus--------—cc--- - 3 10
Gobionellus hastatus-------ccceccceaoo - - - 7
Gobiosoma bo8Ci=-=—mmmmmmcemeemeeo o B - 1
Gobioides broussonneti-------cceeacaa - - - 6
Sphyraena barracuda--------—— o =l - 1
Mugil curema===-==-—--comcmmmeeem - - - 14
Mugil cephaluS------cccmcmmmmmmeao 48 g 530 12,391
Membras martinica------c-ccmmmcmcaaan e = 10
Menidia beryllina--=---c-ccemmcoaanao -l 21 11 1,706
Scorpaena grandicornis------c--—ca-ao = - 1
Prionotus tribulus------c—ecceemaoo_o je 2 4
Citharichthys macrops-------cccceea- SR = 1
Citharichthys spilopterus------------ 2§ B T 92
Etropus crossotus=---c-c-cccccmcmao oo 192 2 8
Achirus lineatus--------ccceocmemmo_ Sh - 9
Trinectes maculatus------cooecaeooo 1.4 3 69
Symphurus plagiusa==-==-c-ccececaaao_- gy 2 21
Sphoeroides maculatus-------cccecaa-- -l - - 2
Sphoeroides nepheluS------ccccmeceamo =] < - 1
Sphoeroides testudineus-=-----------—- { - 4 20
Chilomycterus schoepfi-----==-=ec-em—- e - 3
A 1,324569 1,408 24,792
Species=====mmommmm e (29]33) (32) -
NOTES: (1) Extremely poor seining conditions
(2) Two seine stations (4 and 5) not

In addition to the above, 1 dead fegalops atlanticus) were
observed floating and caught in tl
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TABLE 17

List of fishes caught in St. Lucie Estuary by all
methods for all species with less than 100

specimens in the total catch

1 sgecimen

Florida spotted gar (Lepisosteus platyrhincus)
Golden shiner (Notemigonus crysoleucas)
Marsh killifish (Fundulus confluentus)
Sheepshead killifish (Cyprinodon variegatus)
Seahorse (Hippocampus hudsonius) :
Redear sunfish (Lepomis microlophus)
Moonfish (Vomer setapinnis) :

Spotted trout (Cynoscion nebulosus)

Sergeant major (Abudefduf saxatilis)

Cutlass fish (Trichiurus leépturus)

Mapo (Bathygobius soporator)

Naked goby (Gobiosoma bosci)

Barracuda (Sphyraena barracuda)

Scorpionfish (Scorpaena grandicornis)

Gulf whiff (Citharichthys macrops)

Florida puffer (Sphoeroides nephelus)

2 to 4 specimens

Tenpounder (Elops saurus)

Gizzard shad (Dorosoma cepedianuum)
Seminole killifish {Fundulus seminolis)
Dollar sunfish (Lepomis marginatus)
Bluespotted sunfish (Enneacanthus gloriosus)
Bumper (Chloroscombrus chrysurus) :
Pigfish (Orthopristis chryscpterus)

Star drum (Stellifer lanceclatus)

Sea robin (Prionotus tribulus)

Northern puffer (Sphoeroides maculatus)

Spiny boxfish (Chilomycterus schoepfi)

5 to 10 specimens

Stingaree (Dasyatis sabina)
Brown bullhead (Ictalurus nebulosus)
Gafftopsail catfish (Bagre marine)
Redfin killifish (Lucanis goodei)
Flagfish (Jordanella floridae)
Pipefishes (Syngnathus spp.-louisianae)
~floridae)
Lookdown (Selene vomer)

(Continued )
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& TABLE l7-=Continued

5 to 10 specimens--Continued

Mangrove snapper (Lutianus griseus)
Sheepshead (Archosargus probatocephalus)
Ocean goby (Gobionellus gracillimus)
Sharptail goby (Gobionellus hastatus)
Violet goby (Gobioides broussonneti)
Rough silversides (Membras martinica)
Sole (Achirus lineatus)

Fringed flounder (Etropus crossotus)

1l to 25 specimens

Striped anchovy (Anchoa hepsetus)

Lizardfish (Synodus foetens)

Red minnow (Notropis maculatus)

Needlefishes (Strongylura spp.-marina)
: -notata)

Mosquitofish (Gambusia affinis)

Scovell's pipefish (Syngnathus scovelli)

Common pompano (Trachinotus carolinus)

Leather jacket (0ligoplites saurus )

Snook (Centropomus undecimalis)

Spot snapper (Lutjanus synagris)

King whiting (Menticirrhus americanus)

Black drum (Pogonias cromis)

Spadefish (Chaetodipterus faber)

Silver mullet (Mugil curema)

Tonguefish (Symphurus plagiusa)

Marbled puffer (Sphoeroides testudineus)

26 to 50 specimens -

Channel catfish (Ictalurus punctatus)
Bluegill (Lepomis macrochirus)
Jacks (Caranx spp.-latus )
~hippos)
Pinfish (Lagodon rhomboides)

50 to 100 specimens

Threadfin shad (Dorosoma petenense)

Sardine (Harengula pensacolae)

Least killifish (Heterandria formosa)

Sand perch (Diapterus olithostomus)

Silver perch--yellowtail (Bairdiella chrysura)
Darter goby (Gobionellus boleosoma. )

Spotfin whiff (Citharichthys spilopterus)
Hogchoker (Trinectes maculatus)

3D



TABLE 18

Frequency of occurrence of fishes in the trawl

and seine collections for those species

appearing in above 5 percent of the

total station collections

{ ]

[}

i

Item Trawls Seines ALl
: : stations
Number of station collections--==-=-m==a--= ~ 68 53 1E
- Species A ‘Frequency (percent)

Croaker (Micropogon undulatus)----=-=--=-ax 8 17 53
Striped mullet (Mugil cephalus)-=====wen= -e 13 66 39
Bay anchovy (Anchoa mitchilli)-w-=e-=ve-na- 2L 55 37
Mojarra (Bucinostomus gulf)-----=-=-u= S — 18 55 3L
Sea catfish (Galeichthys felis)--w-=-=ame-- 50 8 31
Tidewater silversides (Menidia beryllina)-- 0 66 29
Sand perch (Dispterus olithostomus)-=--===== 28 23 26
Spotfin whiff (Citharichthys spilopterus)-- 34 13 25
- Hogchoker (Trinectes maculatus)--ee-mees-aa L1 0 23
Spot (Leiostomus xanthurus)-=------a- - 12 " 30 23
White trout (Cynoscion regalis)----=--- e 35 - 2 21
Threadfin shad (Dorosoma petenense)-m=-=~ww- 19 13 ir
Snock (Centropomus undecimalis)--=---- -——— 16 9 13
Menhaden (Brevoortis smithi)--=-s--ccecacem I 30 13
" Marbled puffer (Sphoeroides testudineus)--- 12 15 13
Darter goby (Gobionellus boleosoma)--s==-s= 7 L 12
White catfish (Ictalurus catus)sswse-meec-a 19 2 12
Yellowtail (Bairdiella chrysura)--=me-=-se=- 19 0 3L
Pipefishes (Syngnathus spp.)e-ses--a--cueas 0 25 il
Tonguefish (Symphurus plagiusa)--e=-m-wamas 15 D 11
Bluegill (Lepomis macrochirus)-s=e-e=c-w--s - Ly 17 10
Red drum (Sciaenops ocellata)-ss=e-we-s—au- 0 23 10
Black drum (Pogonias cromis)=s=s=-sm-acaws 16 0 9
Pinfish (Lagodon rhomboides)~==-== ————— 2 19 9
Jacks (Caranx Spp. )--emsessccecas-cns-an-ws 3 15 8
Channel catfish (Ictalurus punctBtus)--sems 13 2 8
Whiting (Menticirrhus americanus)------e-=a 10 i 7
Round pompano (Trachinotus falcatus)-wee-wee 0 iq s
Needlefishes (Strongylura spp.)-eessece--o= 0 17 4
Ocean goby (Gobiosoma gracillimus)e-wmees—w- 13 0 i
Leather jacket (Oligoplites saurus)s-se-e-=e 0 15 s
Lizardfish (Synodus foetens)---sesscesm-wne 2 11 6
Tenpounder (Elops saurus)-=------ e ——————— 6 6 6
Mosquitofish (Gambusia affinis)-sw--e-canaw 0 13 6
Red minnow (Notropis maculatus)e-wsemea-—we 0 11 5
Striped anchovy (Anchoa hepsetus)-=~--a-aa= 0 1 5
Stingaree (Dasyatis sabing)---w--esmececeows 7 2 5

Lo



TABLE 19

Salinity average of seine stations and bottom samples at

trawl stations, together with numbers of species

and numbers of individuals of marine and fresh-

water fishes in each portion of the estuary

: South Fork ;

North Fork

Outer estuary

Average salinity (p.pots)=me=meeacax 6.0 6.3
Salinity range (pepoto)-=mmmm=n-= P o.;héeoeﬁ 0,14-20,2
Number of fresh-water species=e-=-o= 112 13
Number of fresh-water fishes-=----- - 2h2 304
Number of marine species-=-<we-smw-uaa 35 32
Number of marine fishes---e-s-s--ime L L86

9,3hk

b1
0,15-36.0

13

86

gt

10,321

L
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TABLE 22

Less sbundant fishes taken in St. Lucie Estuary
in certain salinity ranges

(Salinity readings in parts per thousand)

Above 30.0 only

Hippocampus hudsonius (=ea horse)
Scorpaena grandicornis (scorpionfish)
Citharichthys macrops (gulf whiff)

Above 25.0 only

Chilomycterus schoepfi (boxfish)
Vomer setapinnis {moonfish)
Sphoeroides nephelus (Florida puffer)
Abudefduf saxatilis (sergeant major)

Above 20,0 only

Chloroscombr®s . chrysurus (bumper)
Sphoeroides maculatus (N. puffer)
Orthopristis chrysopterus (pigfish)
Harengula pensacolae (sardine)
Etropus crossotus (fringed flounder)

Above 15.0 only

Selene vomer (loockdown)
Above 10,0 only

Synodus foetens (lizardfish)
Menticirrhus americanus (whiting)
Membras mertinica (rough silversides)
Gobiosoma bosci (naked goby)
Chaetodipterus faber (spadefish)

Above 5.0 only

Prionotus tribulus (sea robin)

Syngnathus spp. (pipefishes)
Trachinotus carolinus (pompano)
Below 0.5 ongx

Dorcsoma cepedisnum (G. shad)
Notropis maculatus (red minnow)
Lepomis microlophus (redear sunfish)
Lepomis marginatus (dollar sunfish)
Cyprinodon variegatus (sheepshead killifish)
Jordanella floridae (flagfish) s
Lepisosteus platyrhinchus (spotted gar)

Below 2.0 only

Lepomis macrochirus (bluegill)
Notemigonus crysoleucas (golden shiner)
Ictalurus punctatus (channel cat)

(Continued)
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TABLE 22-~Continued

Below 5.0 only

Lucanisa goodei (redfin killifish)
Fundulus confluentus (marsh killifish)
Gambusia affinis (mosquitofish)
Cynoscion nebulosus (spotted trout)
Sphyraena barracuda (barracuda) _
Heterandria formosa (least killifish)
Bathygobius soporator (mapo) .

Fundulus seminolis (Seminole killifish)
Trichiurus lepturus (cutlass fish)

Below 10.0 only

Ictalurus nebulosus (speckled bullhead)

Elops saurus (tenpounder) /
Enneacanthus gloriosus (bluespotted sawfish)’
Mugil curema (silver mullet)

Scattered thrqgghout_rangewfrom 0,5 to 30.0

Syngnathus scovelli (Scovell's pipefish)
Sphoeroides testudineus (marbled puffer)
Pogonias cromis (black drum)
Gobionellus gracillimus (ocean goby)
Symphurus plagiusa (tonguefish)

Lagodon rhomboides (pinfish)
Strongylura spp. (needlefishes)

Bagre marina (gafftopsail catfish)
Caranx spp. (Jjacks)

Oligoplites saurus (leatherjacket)
Centropomus undecimalis (snook)

Lutianus griseus (gray snapper)

Anchoa hepsetus (striped anchovy)
Lutjanus synagris (spot snapper)
Achirus lineatus (sole)

Archosargus probatocephalus (sheepshead)
Gobionellus boleosoma (darter goby)
Gobionellus hastatus (sharptail goby)
Gobioides broussoneti (violet goby)
Stellifer lanceolatus (star drum)
Dasyatis sabina (stingaree)

roosirics oreecres ot
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19. Invertebrate catch.-+Table 23, which lists the invertebrate ani-
mals caught, is in considerable contrast to table 13, which is the com-
parable one for fishes, in that no great predominance of a few numerous
species 1s demonstrated. However, the jelly-like ctenophores could not
be counted, and it was noted that the trawl hauls sometimes consisted
virtually of a mass of jelly with the remaining less numerous organisms
interspersed. If there was any predominant invertebrate it was the
ctenophore, Mnemiopsis. The remaining most abundant invertebrates were
two commercial shrimp, Penaeus aztecus and P, ‘duorarum; two swimming crabs,
Callinectes; a jellyfish; a small clam; and a small marine snail. Only
one of the invertebrates, the river shrimp, Macrobrachium, was clearly a
fresh-water species. The three Palaemonetes shrimp noted are difficult
to define. At least two of them seem to be estuarine or marine. Several
of the invertebrates, such as the squid, chiton, stone shrimp, and sea
hare;, were taken only in fairly high salinities and only a few times.

This is indicated in table 24. Table 25'lists the numbers of organisms
which were caught only a few times. Table 26 indicates the salinity
distributions of the most abundant invertebrates. The invertebrate fauna
in the estuary can be divided into several categories., The fresh-water
component (Macrobrachium,possibly Palaemonetes, and the fresh-water snail)
was quite few in numbers. The same thing can be said of the squid, sea
hare, and chiton, which came into the outer estuary only when salinties
were quite high. A third group--such as Rangia, Mulinia, and the
ctenophores=--is indigenous. The latter seems to be most abundant at
moderately high salinities, and rangia clams are more abundant at low
salinities. A fourth group raises in the estuaries similar to the fishes
noted above. This includes three penaeid shrimp and the two swimming
crabs. It was noted that the brown shrimp was found in lower salinities
than the pink shrimp and in general the blue crab was in lower salinities
than the ornate crab. One of those two crabs (blue crab) and the three
penaeid shrimp are the only commercial invertebrates. The white shrimp,
browi: shrimp, and blue crab were cemmon at quite low salinities and are
known to raise.in such areas (Gunter, 1950). The brown shrimp were most
abundant seasonally in May, in both 1957 and 1958. Pink shrimp were
found only in October 1958 and January 1959, after the gates were closed.
The catch of blue crabs did not vary greatly at any time, and the white
shrimp were not abundant at any time. In brief, the opening and closing
of the St. Lucie spillway gates might cause a lowering in abundance of

the pink shrimp, and possibly the brown shrimp, but it has no effect on
the blue crab, the only other indigenous species present in any numbers.
Oysters, where they are present,; can tolerate a wide range of salinities
and sediment conditions, and are most abundant where there is a continuous
supply of fresh-water drainage. The St. Lucie Estuary has never been an
important producer of commercial shellfish.
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TABLE 23

Most abundant animals caught in each of the

three main areas of St. Lucie Estuary

Species

Number of each species caught

South North Outer
Fork Fork estuary HeEt
Mnemiopsis mecradyi (ctenophore)--=- Numerous Few Numerous Numerous
Penaeus aztecus (brown shrimp)-e--- 248 76 167 Lol
Penaeus duorarum (pink shrimp)e---- 156 35 33 22l
Aurellia aurita ( jellyfish)-e-ee--- il Few 166 217
Callinectes sapidus (blue crab)---- T2 33 81 186
Mulinia lateralis (clam)-===-=m=--- - - 127 127
Callinectes ornatus (ornate crab)-- 28 3 85 116
Nassarius vibex (common nassa)=-=-- - 1 113 11
Rangia cuneata (rangia clam)---=--- 5 76 6. 87
Palaemonetes spp. (grass shrimp)--- 17 A5 16 L8
Clibinarius vitatta (hermit crab)-- 1 1 27 29
Macrobrachium acanthurus (river
Shrimp) ==-=-eecomcm e c— e ceae A § 10 5 26
Penaeus setiferus (white shrimp)--- 16 - 3 '
Congeria leucophaeta (false mussel)  Few Several Several -
Aplysia willcoxi (sea hare-
L o R S T TR » - 9 9
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TABLE 2k

Average salinity and range at which invertebrate

animals were collected in St. Lucie Estuary

salinity (p.p.t.)

Species

Average Range
Pagurus floridanus (hermit crab)-==--ecceccacaaoo- 36.0 36.0
Pagurites hummi (hermit crab)--e-eeeecacacacaoaan 36.0 36.0
Calliactes tricolor (sea anemone)-=---scemmeecea-- 36.0 36.0
Arca sp. (ark ghell)==eeeeeccccocmommccecanacaoaa- 36.0 36.0
Canthurus multanguluS===eeececemmcccccmncccacaanna 33.8 33.8
Ophiothrix ocerstedi (serpent star) ---------------- 33.8 33.8
Chaetopleura apiculata (chiton)eee=-eceacccaaaaaas 33.8 33.8
Astropecten articulatus (starfish)--=-seceeecac-ae 33.8 33.8
Aplysia willcoxi (sea hare-inkfish)-~=-ccocoaeeea- 33.0 29.2=36,0
Sicyonia typica (stone shrimp)-ee-eeeecccccaeaaao- 29,2 29.2
Lolliguncula brevis (squid)=eeeee-cccamocmcanaaao. 28.0 27.2-29,.2
Mulinia lateralis (clam)-===ece-ccmecacccccaccaaana 25,2 20,0-29,2
Solen viridis (razor clam)e--==--cmeececccacca—canaa 22.9 22.9
Polynices duplicata (mooneye)=--====eeececacaacaaan 22,8 22,8
Crepidula pPlang-e==m=emeeeccccemcmcccoceccrcccana—a-" 22,8 22,8
Mnemiopsis mccradyi (comb jelly)=-=eeecmcaccoaaaos 21 .2 13.8-31.5
Congeria leucophaeta (false mussel)-e=-eeme-eocaaa- 20.2 20.2-20,3
Aurellias aurita (moon jelly)=e=-ee-mcecocoaccoaoa-- 20.2 T.8-32.4
Penaeus duorarum (pink shrimp)-----eeececameoaoooo 19.9 13.8-27.k4
Callinectes ornatus (ornate crab)--==-=-ceccccao-a 18.9 0.34=36.0
Cancroid Crab=---=-=eecam oo 18.8 7.8-36.0
Palaemonetes vulgaris (grass shrimp)--=---e--ce-a-a 16.5 3.7-29.2
Molgula manhattensis (onion tunicate)--=-==eeeee-c 15,2 10,0-20,2
Penaeus setiferus (white shrimp)-----eee-ccacaaoan k.6 0.7-21.0
Penaeus aztecus (brown shrimp)e--eeececcmcacocaaaa. 13.4 0.22-29,2
Clibinarius vitatta (hermit crab)-~e=-eeccemccacan 12.9 2.34-36.0
Rangia cuneata (rangia clam)-e-=e-eeemecooccaaoaaao Sh 0.15=26.3
Callinectes sapidus (blue crab)-e=s=eeeccmccecmaaas 9.k 0.15-29.k4
Neritina reclivata (olive nerite)-=-=eeececcoaaoo- il T
Palaemonetes paludosus (grass shrimp)-=--ee-mee--- 2.6 £1,0-4.9
Macrobrachium acanthurus (river shrimp)--==------- 148 0.15-14.8
Peppermint shrimpe-cccccccmmcmnaccrcnccccccacacaaa L5100 Z7100
Fresh-water sngil--e-ccccccmcmaccmccraccnccccanaa- L0 £ 1.0
Neritina Virginea (Virginia nerite)---e-ceeceea-a- 4 150 L7410
Sesarma cinereum (land crab)--e-ecemeecocmccaaooa- 0.8 0.8
Palaemonetes pugio (grass shrimp)e-=-eceeccccaacoan 0.19 0.16-0.22

48



TABLE 25

Number of invertebrate animals with less than five
specimens in total collections in St. Lucie Estuary

Four specimens

Molgula manhattensis (onion tunicate)
Cancroid crab :

Three specimens .

Astropecten articulatus (starfish)
Lolliguncula brevis (squid)

Two specimens

Neritina virginea (Virginia nerite)
Arca sp. (ark shell)

Crepidula plana

Peppermint shrimp

Chaetopleura apiculata (chiton)
Polynices duplicata (mooneye)

One specimen

Neritina reclivata {olive nerite)
Pagurus floridanus {hermit ecrab)
Pagurites hummi (hermit erab)
Solen viridis (razorclam)
Sicyonia typica (stone shrimp)
Sesarma cinereum (land crab)
Canthurus multangulus
Clathodrillia ostrearum
Ophiothrix oerstedi (serpent star)
Calliactis tricolor (sea anemone)
Fresh-~water snail
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G. OTHER FISHERY ASPECTS

20, Commercial fishing aspects in St. Lucie Estuary will be
eovered in more detail by the United States Fish and Wildlife Service in
its fortheoming report. However, Service personnel furnished data on
the nightly trammel net catches of one commercial fisherman in the South
Fork and main estuary during one week in December 1956 and from January
to June 1958. Those data, with discharge information added; are given in
tables 27 and 28. During the 1958 period, there were 27 nightly catches
in areas where the salimity was probably mear zero and 10 catches where
it was probably between 5.0 and 15.0 parts per thousand. From those
data, there is little to indicate that fresh-water discharges are damaging
to the commercial fishery. On individual nights, the total catch was often
as good or better with than without discharge. With high flows;, the
average nightly catch of mullet, sheepshead, and snoock was greater; with
low or zero discharges, there were somewhat better average catches of
croaker, trout, and menhaden and much better catches of.. gafftopsail
catfish, tripletail, and jacks. The nightly catch of mojarra was about
the same irrespective of discharge and salinity conditions. The commer-
cial netting operations in 1956 occurred when there had been no regulatory
lake discharge for 18 months. At that tlme, nightly mullet catches were
about the same magnitude as in 1958, but snook catches were higher. The
latter was a commercial species then, but not in 1958. Catches of other
fishes were low or zero. Many other factors not connected with the lake
discharge, including weather, prevailing market price for various species,
nunber of fishermen, attraction of fishermen to other areas and other
fishes, and seasonal abundance of fish affect the ecommercial fish catch
in any one area. The University of Miami Marine Laboratory studies in
1954 ecovered eommercial catch statistics in relation to fresh-water re-
leases from St. Lueie Camal. The Laboratory's.studies of fish landings
in Martin County and in adjacent counties; as well as along the entire
east coast, did not support the idea that there were adverse effects of
the fresh water on eommercial fish eatches in Martin County, since
landings rose or fell in all areas alike. The present investigation did
not indicate any damage or significant adverse effect of fresh-water re-
lease on the commereial fishes of St. Lucie Estuary. In fact, in the
long run, fresh-water flows during the spawning and early growing season
are probably beneficial by virtue of increased production amd survival of
both young commercial species--such as croaker, mullet, trout, mogarra,
and menhaden~--and small food fishes.
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TABLE 28

Commerqia;"trammel net operation
January-June 1958

(Data furnished by U.S. Fish and Wildlife Service)

pos

£

Fish catch
Ll Salinity zero (1) Salinity 5 or over (p.p.t.) (2)
Total Catch/night  Total " Catch/night

MULL @ = 8 o i e s 0 15 o 0 e 1,536 57 0 0
Croaker--g;_&aﬁ-h-‘a@---- 137 5 120 12
Mojarra-==esm—tsssan=s= 510 19 201 20
TroUt=m=-—=ce-eummmm-se UL 2 55 6
Sheepshead «~~-swemwms«- 300 At 2 -
Menhaden -« 9m s elic us me - = 30 1. 41 L
Catfish, gafftopsail--~ 28 il 1h7 4.5
Tripletail —=sss-sc-nsa= 0 0 101 10
JaCKkg ~mmmmchosssmsunspe 0 0] 30 3
Snook (3}----:&-—.3.&-:&;:-«&_ 67 3 3 -

Total=mm-ssamems=a 2,649 - ) -

NOTES: (1) 27 nights' fishing effort.
(2) 10 mights' fishing effort.
(3) Not sold.

Dated receipts furnished by cooperating commercial fishermen.
Loecation noted by fishermen. Salinity estimated from graphs
of %known discharge rates.

21. Cold kill of fishes, January-Eebruary 1958.--As was stated and
shown with the temperature data given earlier in this report, the winter
of 1957-58 was one of the coldest of record for central and southern
Florida. In connection with the several periods of freezing temperature
that oecurred in January and February, fish kills of considerable pro-
portions also occurred throughout this State and other coastal sections
of the southeast United States. During the February 2&-25>l958, sample,
large numbers of dead fish were observed floating in the estuary and
lying along the shorelines. These were predominantly ladyfish or
tenpounder (Elops saurus) and sand perch (Diapterus olisthostomus), with
some snook, tarpon, and mullet. (See fig. 3.) Many specimens which
had been dead fo¥ some time were dragged up with the trawl. The great
majority of the @ead fish were adults, with some of the tarpon measuring
up to 5 feet. Although the local newspapers blamed the St. Lucie Canal
fresh-~water discharge for the fish kills, there was considerable evidence
to indieate that the cold weather was really the cause, as follows:
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Ladyfish and sand perch killed by the cold or
St. Lucie Estuary, February 1958

Dead tarpon found floating in North Fork St. Lucie
Estuary after cold kill, February 1958

FIGURE 3



g The kill -oceurred in all parts of the estuary, including
far up the North Fork, which area was unaffected by dlscharge from St.
Lucie Canals

b. Fish kills were reported about the same time. fﬂr other
parts of Plorida {Tampa Bay and Biscayne Bay) and for coastal areas
in Georgia and Socuth Carclina and to the west in Mississippi and Texas. .
The Jacksonville District made inquiries of State and Federal fish and
- wildlife agencies and university laberatories to verify such reports.
Those replies contain pertinent data on fish kills during that period
and are included in appendix Au

cs  Just pricy to the observed kills in St. Lucie Estuary9
the Stuart News reported the Jowest weekly average temperature of record.

d. = The faet that primarily large fish were killed is a known
phenomenon associated with temperature kills (Brongersna-Sanders, 95
Gunter, 1947), although the only explanation for this condition is that
when the temperature is falling the metabolic rate apparently drops
faster for larger animals than it does for smaller ones. :

e. The.fishes killed in St. Lucie Estuary were principally
those with tropical distribution. Such species are more susceptible to
decreaslng temperature changes and generally leave the colder inner waters
during the winter for the deeper, warmer waters of the ocean. However,
quick drops in temperature will trap many of them in the inner bays before
they are eble to leave.

f. It is gignificant that the largest number of fish taken in
any of the 10 samples over the 2-year period were collected in the February:
1958 sample. If the fish kill had resulted from anything but the cold tem-
peratures, such as fresh-water discharge or pollution, it would have been
more widespread and  -less selective of adult, tropical species.

g. Data from the cold kill also furnished evidence that the
fresh-water discharge does not drive out or destroy all the large game
fishes. If it had done so during the previous month of continuous high
discharge, then there would have been no large tarpon, snook, and lady=-
fish remaining in the estuary to be killed by the cold. In addition to
the many small live fish that were taken, ediblessize croaker and drum,
which are more tolerant of cold waters, were abundant in the outer estuary.
(See fig. L4.)

22, Sailfish and offshore sport fishery.-~Both the inshore and off-
shore sport fishery aspects will be covered in greater detail in the
United States Fish and Wildlife Service's report. However, the following
items in that regard are included for consideration here. The University
of Miami study concluded the offshore charter boat fishery was not signif-
icantly affected by the fresh-water release, although it was considered
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Sample of live fish (crosker, spot, sand perch, pig-

fish, puffers, gobies) and crabs collected with trawl

at TST, St. Lucie Estuary, during February 1958 when

large numbers of tropical forms were killed through-
out the estuary by low temperatures



that if the discharges were high enough some boats might have tc

travel farther to make their. catch. In connection with sailfishing,
inguiry was made of the University of Miami Marine Laboratory, which is
eonducting extensive investigations on the life history of sailfishes,
whether or not there had been a general decline “in sailfishing--
particularly off the Stuart area--in the last 10 years. Charter boat cap-
tains had reported that to be so in a nationally publicized news item in
December 1958 and had further indicated that fresh-water discharges from
'St. Lucie Canal were probably responsible for the decline in numbers.
Copies of the District Engineer's inquiry and the Marine Laboratory's
reply are presented in appendix A, In summary, University scientists
stated there was no evidence of any decline in numbers of sailfishes along
the Florida coast and that discharge of fresh water into estuaries has no
bearing whatsoever on the sailfish life cycle. Sailfish concentrations
off the Stuart area are well offshore (some 12 miles) and would not be
affected by discharge of fresh water from St. Lucie Inlet. Further
evidence in that connection was furnished in the editor's report on the
fifth annual light tackle sailfish tournament of the Stuart Sailfish
Club, which appeared in Southern Outdoors, March 1959. During the

latest 3-day tournament off Stuart; 77 competing entrantss took 166
sailfish, 161 of which were released. Furthermore, since the release

. program was begun by the West Palm Beach Fishing Club in 1950, over 9,000
sailfish have been successfully released. Such catch records would not
indicate there had been any general decline in sailfish numbers .in the
last 10 years, or that discharge from St. Lucie Canal is in any -way ad-
versely affecting the sailfish fishery, which is an important part of the
Stuart economy. :

~ 23. SBt. Lucie Lock and Dam fishery.~--a. General.--St. Lucie Lock
and Dam provides a congregation»point on the lower St. Lucie Canal for a
variety of marine and fresh-water fishes, and the area has supported a
small local fishery ever since its construction. Prior to 19569 the lock
area was visited more by sightseers and picnickers than by fishermen;, but
in the last 3 years the number of fishermen has greatly exceeded all other
" types of visitors (table 29). Construction of additional bank-fishing
facilities below the dam in 1958 resulted in an increase in fishermen
visits above that expected in the normal annual upward trend. Experienced
fishermen in the Stuart area have long known that one of the best places
and times to catch snook was below St. Lucie Dam when small to medium
amounts of fresh water were being discharged. Also, mullet, catfish, sun=-
fishes, crappie, and other species were known to be more abundant in cer-
tain seasons and conditions than others. Daily records of fishing activity
in the lock area during the past 2 years have shown those conditions to be
true. THe first opportunity to check fishing pressure and fish catch with
the release of fresh water was in May and June 1957.
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TABLE 29

Total annuel recreational visitors
St. Lucie Lock and Dam, 1955-58

Number of visitors

Year ~ “Sightseeing and | Fishing '  Total
picnicking

1955=—=~~ 5,200 1,800 7,000

1956~~~ 2,73 T2 676 10,613

1957----~ a2y 2 95218 11,850

1958 cani 3,610 15,77L 19,384

b. Sumary of fishing pressure and catch, 1957.--Prior to May
1957, a record of the number of visitors to St. Lucie Lock was kept, but
this was not generally.separated according to fishing and other activities.
Nor was there an account of the number of pounds of fish caught daily,
monthly, or annually. When it became evident in late spring that releases
of fresh water would be required through St. Lucie Canal to bring Lake
Okeechobee down to a safe operating level, the lock operators were requested
to furnish a record of the number of fishermen and fish caught daily.

(1) May-June 1957 activity.--The record was begun on May 1
and continued through June 30. Discharge of fresh water was begun on May 16
and continued through June 21. During most of that period, the rate of dis-
charge was about 2,200 cubic feet a second. An increase and decrease in
fishing activity and fish catch--primarily snook--occurred simultaneously
with the opening and closing of the gates (sée plate 21). During the early
part of May when the gates were closed, the number of fishermen ranged from
10 to 25 daily and their catch from 15 to 30 pounds. During the 5-week dis-
charge period, except for the peak use on Memorial Day, May 30, the number
of fishermen ranged from 55 to 70 daily and their total catch from 100 to
140 pounds. During the last 10 days of June when the gates were again
closed, both the use and catch fell off to near predischarge conditions.

(2) August-October 1957 activity.--Records were also kept of
the fishing activity during the fall discharge period from August 16 to -
October 21. During the first 10 days, when the rate of dischargé was about
2,600 cubic feet a second, fishing activity was high, with counts of 100
fishermen recorded on several days. After September 1, the discharge rate
was over 5,000 cubic feet a second daily and averaged nearly 7,000 cubic
feet a second during the last 5 weeks. The number of fishermen daily was
lower during the period of high discharge--usually below SO——although there
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were good individual catches of large snook. In 1957, fishing pressure
and fish catch at St. Lucie Lock totaled 9,218 fishermen and 14,994 pounds
of fish respectively. The daily records of numbers of fishermen and
pounds of fish caught in 1957 and 1958 will be presented in an addendum to
this report., : :

c. Summary of fishing activity, 1958.--Beginning January 1, 1958,
daily records of fishing activity in the lock area were kept, irrespective
of discharge condition. The daily record of fishermen and the average
rate of discharge every fifth day are graphically portrayed on plate 22.
Monthly summaries of the fishermen-use and catch records are given in
table 30 and illustrated on plate 23. 1In 1958, over 15,700 persons fished
below the dam from the banks or retaining walls, and they caught a record
total of 46,775 pounds of fish. Those figures do not include the 1,303
boat fishermen observed in the area, whose catches were not recorded. Un=-
like the bank fishermen who must enter and exit through the lock area, boat
fishermen can come and go from downstream with no opportunity to check their.
catch. The 1958 totals amounted to nearly twice as many fishermen and over
three times the amount of fish caught in 1957. Part of this increase, at
least, resulted from the completion, in May 1958, of safety railings and
the opening to fishermen of the previously closed section of the south
wing wall extending below the dam. This opened several hundred more feet
of fishing space directly over the moving water (see figures 5 and 6)
where fish congregate during discharge periods. Sundays and holidays were
the biggest days for fishermen at the lock. It was not unusual for over
100 fishermen to be present on a Sunday. Once in February, twice in March,
five times in July (during the height of snook fishing), and once in both
September and October, 150 fishermen were counted. The highest number for
any one day in the year was 225 on July 27. Fishing success based on the
pounds of fish caught per fishermen-day averaged about 3 pounds a day per
fisherman over the entire year. On a monthly basis, fishing success ranged
from about 1.7 pounds per fishermen-day in December to over 5.6 pounds in
September during the big mullet run. The highest individual week was the
last week of September when an average of over 8.0 pounds of fish per
fisherman-day was recorded.,
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Fishermen on the retaining wall below St. Lucie Lock and
Dam. Spillway gates closed; discharge through small tur-
bine, 200-300 c.f.s. Upper: View looking downstream

toward Stuart on Oct. 5, 1958. Lower: View toward north

bank on Sept. 30, 1958, with picnic and additional fishing
areas in background.

FIGURE §



129 fishermen on retaining wall below St. Lucie
Lock and Dam, Jan. 15, 1959. Spillway gates closed.
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Snook fishing along north bank below St.>
Lucie Lock and Dam, April 7, 1959. Spill-
way discharge 1,600 c.f.s. FIGURE 6
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d. Fishing activity versus discharge.--The fishery data collected
in 1958 further substantiated the brief 1957 observations that fisherman-use
and fish catch were greater during periods of low and medium discharges than
at other times. Examination of plates 22 and 23 shows three peaks of
activity during the year--in March, July, and September-October. The
average rate of discharge during the first two periods approximated 3,500
and 2,500 cubic feet a second, respectively, and the gates were closed
during the fell period. The March activity was primarily for snook, sun=
fish, catfish, and & run of crappile, which stayed in the area about 2
weeks., The highest activity of the year with respect to fishermen-use was
in July, with snook the dominent fish caught. The largest numbers of fish
were caught in September and October when mullet in tremendous numbers moved
into the area below the dam. As & result of 200-300 cubilc feet & second dise-
charge from the small power generator, the mullet congregated in the pool
alongside the retaining wall and directly below the fishing walkway, where
up to 1,000 pounds were caught on some days on dough bait, bread, and worms.
In general, more fishermen were present, and catches, especially of snook,
were greater when 2,000 to 3,500 cubic feet a second was being discharged
than with higher or lower rates of release. However, there was good fishing
at other times, also, as evidenced by the catches shown in figures T and &,
Some excellent catches of large snook were made in the spring of 1958, when,
because of heavy rains and high lake levels, it was necessary to release
water for a long period at rates of 4,000 to 6,000 cubic feet a second.
Snook (and snook fishermen) are less likely to be found in the area when the
discharge rate is over 6,000 cubic feet a second and when the gates are
closed than during intermediate rates of discharge.

e. Seasonal activity.--Snook are taken by fishermen below the
dam at any time from early spring until cold weather in the fall, usually
through September, but appear to be more abundant in the area in late spring
and summer months when some fresh water is discharging. Peak catches hawe
been made in two years in June and July with low to medium flows. The
snook are apparently attracted by the fresh-water currents and by the large
numbers of mullet and other food fishes that congregate in the low flowing
pools below the dam. Mullet are found there at all seasons of the year,
but are especially abundant during the early fall before spawning and on
their return run from the ocean to Lake Okeechobee during early spring.
In November and December each year, Lake Okeechobee mullet move downstream
through St. Lucie Lock (which is often operated solely to move them through;
reference Hall, 1956) and they do not linger long below the dam. However,
on their return movements, they stay in the pool below the dam for a con-
siderable period. In January 1959, there were T days on which more than
1,000 pounds of mullet were caught by cane-pole fishermen on the retaining
wall. In years when there is considerable fresh-water discharge; sunfish
and catfish, as well as snook and mullet, are abundant. If there is fresh
water in early spring, large numbers of crappie will appear for a brief
period. These fresh-water fishes are not as abundant in years when the
gates are closed and tidal waters reach that far upstream. However, at
such times their place is taken by such brackish and marine forms as sheeps-
head, mangrove snapper, Jack, sand perch, flounder, and occasionally Jjewfish.
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April 28, 1958 April 30, 1958
Spillway discharge 5880 c.f.s. Spillway discharge 5830 c.f.s.
6 snook - 3 to 18-1/2 pounds 2 snook - 7 and 8 pounds

June 2, 1958 June 1l, 1958
Spillway discharge L815 c.f.s. Spillway discharge 2L70 c.f.s.
3 snook - total 32 pounds Snook and sand perch

FISHING ACTIVITY 1958 BELOW ST. LUCIE LOCK AND DAM
FIGURE 7



v o Summary of flshlng activity at lock.=-A sizable fishery for
snook, m.ullety an& various other species has developed below St. Lucie
Loek and Dam in recent years. Use of that area by both local and non-
resident fishermen is increasing each year. Installation of safety rails
on the retaining wall over the discharge area in 1958, making it possible
to fish over the flowing-water areas where the fish congregate, was
partially responsible for a large increase in fisherman-use this year.
Based on studies of fisherman-use and fishing success at the lock in 1957
and 1958, there is evidence of a direct benefit to fishing below the
 dam, especially for snook, by small to medium releases of fresh water.
Higher discharges, above 3,500 cubic feet a secoﬁd, or no discharge,
particularly in late spring and early summer months when snook are most
abundant, appear to result in poorer fishing. High winter discharges
apparently have less effect on fishing at the lock because of the large
numbers of mullet, sunfishes, catfishes, and crappie which use the ares
.at that time. Furthermore, the winter fresh-water releases appear to
promote greater production and survival of fall and winter spawning food
and bait fishes downstream in the estuary. In past years, the St. Lucie
Lock and Dam area was often used as a substitute fishing place when fish-
ing was not good in other local areas. 1In 1957, a year when there were
two separate discharge periods of 36 and 67 days in early summer and late
fall, respectively, the total bank~-fishing pressure was 9,218 persons.
In 1958, a year with several freezes and a cold spring and almost continu-
ous fresh-water discharge through the dam from January to September,

155 776 persons bank-~-fished at the structure. Despite a very poor use

in June because of the necessity of maximum fresh-water releases, over
9,000 persons fished in the area during the first 6 months of 1959. Thus,
the St. Lucie Lock and Dam recreational area has rapidly developed- and,
as local fishermen become familiar with the periods of seasonal abundance
for various species, it is becoming increasingly popular each year as a
desirable fishing spot in its own right, regardless of flshlng conditions
elsewhere,
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H., THE LOCAL PROBLEM IN THE LIGHT OF RESULTS

2L, General problem of Corps of Engineers.--a., With regard to Lake
Okeechobee and St. Lucie Estuary.--The Corps of Engineers did not construct
St. Lucie Canal, which was provided as a result of the growth and settle-
ment in the area and was, in a sense, inherited: Under the present situa-
tion, the water can go only to the east or to the west and there are some
objections from groups on both coasts. Lake Okeechobee must be controlled
in height for the benefit of the rich farming area to the south of the
lake, but at the same time it must not get so high as to become dangerous
to the communities around the lake, where 4n the past on two occasions
several thousand people were drowned as the result of hurricanes. Lastly,
St. Lucie Canal has become a very important waterway for commercial traf-
fic as a part of the cross-State Okeechobee Waterway. That waterway is
the link between the Atlantic and Gulf coasts which cuts several hundred
miles from the travel distance by way of the Keys. The object of the
work reported in this report was to determine whether or not the strong
contentions of local interests concerning sports fishing have any validity.
The following discussion is based on the local contentions; a number of tech-
nical and theoretical biological considerations, which will be discussed
in a technical report, are not entered into. The local contentions have
been outlined in paragraph 8 (pages 7 and 8) above. They are discussed one
by one, as follows:

(1) The small fish, and sometimes larger ones, are killed.

There seems to be no truth in this claim whatsoever, and, in
fact, the converse seems to be true. A fish killed by fresh water was
never encountered in this study, and, as far as is known, has not been
found by other investigators. This idea is contrary to general biological
principles, because the fishes found in an estuary, such as the St. Lucile,
practically all belong to the group known as euryhaline--that is, they
are capable of withstanding very wide salinity variations from fresh water
to sea water. Saliniphilous (high salinity) species which sometimes enter
the lower estuary near Indian River may leave the area at times of higher
fresh-water discharges but they are not killed. Moderate fresh-water dis-
charges through the locks enhance the situation for the common forage
fishes--the mullet, the menhaden, the silversides, and the anchovies. It
may be stated categorically that small fishes not only are not killed but
their populations increase with discharges through St. Lucie Lock.

(2) The marine game and sport fishes leave the area.

Tarpon, snook, croakers, spot, whiting, Jjack, spotted trout,
white trout (squeteague), sand perch (mojarras), drum, sheepshead,
flounder, and the tenpounder are the common sport fishes in the
estuary area. The first and the last are not considered to be
edible. Pompano, bluefish, and occasionally mackerel and some few fishes
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of the snapper and grunt families are transients in the lower estuary.

The first group is very little affected by fresh water; the latter group
does leave the estuary. Many-dead tarpon, snook, sand perch, tenpounder,
and mullet were killed by cold both in the salt waters of the lower estu-
aries and the fresh waters of the upper estuaries in February 1958 follow-
ing 2 months of discharge through St. Lucie Canal. They had not left the
area because of fresh water,

(3) sSport fishes disperse throughout the estuary so that
they are not easily caught.

Fish do not seem to be evenly distributed on a water bottom
under any conditions and there is no known reason why an influx of fresh
water would cause them to disperse. Aside from the fact that this conten-
tion is contrary to number two, it should be noted that snook concentrate
around the tailrace of St. Lucie Lock and Dam and the fishery for them
there has increased greatly in recent years.

In this connection, it should be noted that completion of the
new bridge in the outer estuary in 1957 has taken away most of the former
fishing pressure of the two upper bridges. On the Palm City bridge,
fishing now is primarily for sheepshead during dry periods, when salin-
ities are highest, and for snook during evening and night in certain
seasons. Fishing pressures on both the Palm City and Roosevelt (U.S. 1)
bridges are low and damages to fishing from any discharges are likewise
more than offset by benefits from increased production of forage fishes.
Fishing in the outer estuary is good on low flows and some is still
available on high flows, since bottom salinities are still present.

(4) Sport fishes won't take bait or lures when the water
is turbid.

In the above discussion, it is well demonstrated that fishes
bite voraciously in the turbid waters of St. Lucie Canal right after they
come through the lock. Insofar as this is the water which causes the
turbidity farther down in the estuary, this contention is cbviously
groundless. The main problem in the estuary is that the local fishermen
desire continuous good fishing. To achieve that end, an abundance of food
fishes and organisms and large crops of young game fishes, associated
with productive estuaries, are essential. Both high production and good
fishing can be produced by controlled fresh-water flows, but not always
at the same time every year. The history of good fishing in St. Lucie
Estuary is attributable to the fact that high fresh-water discharges have
occurred every few years and produced good crops of game and food fishes.
High discharges every year would not be good; neither would many consec-
utive years of no discharge of fresh water into the estuary.
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(5) Marine organisms such as clams, snails, and oysters,
unable to leave the area, are killed by the fresh water.

There are no commercial mollusk beds in the estuary. The mol-
lusks of that area are of a euryhaline type and can undergo wide varia-
tions in salinity; for instance, oysters can withstand fresh water up
to a period of 3 weeks and can live indefinitely in salinities of 5 o/oo.
There is no evidence that the mollusks or the barnacles of that area
have been killed by fresh water.’

(6) Deposits of silt and ooze blanket the bottom, smother-
ing bottom animals and destroying aquatic habitats.

Studies by the Corps have shown that shoaling has taken place
above Palm City bridge but that erosion of the estuary in an equally
large amount has taken place in the estuary below that point. This
demonstrates that there has been no overall blanket sedimentation of the
bottom.

(7) Commercial fishing, inside and outside the estuary, is
damaged.

Data on commercial fishing collected by the Fish and Wildlife
Service and presented in part in this report demonstrate that this con-
tention is untrue. The University of Miami report agrees.

(8) Crabs and shrimp are driven from the area.

Crabs are euryhaline organisms and Gunter (1938) has demon-
strated that the common blue crab occurs naturally in rivers over 100 miles
from the sea. The greatest shrimp production area in the world is the
Louisiana coast where salinities are extremely low. The greatest crab-
producing areas in the United States are the Louisiana coast and Chesa-
peake Bay, both low-salinity areas. Table 26 above indicates that blue
crabs and two species of commercial shrimp were taken during this investi-
gation in water that was fresh enough to drink.

(9) The effects on fish, organisms, and their habitats endure
long after the discharge stops.

If the statement were correct, it would be all to the good, for
it would mean that the forage fishes mentioned sbove would remain in vast
abundance for a long time. However, the effects upon salinity are transient
and do not last more than a few months. Between Septenmber and November
1957, salinity of the inner and outer estuaries rose by a multiple of ten
when discharges were stopped. Low salinities such as are caused by even
the heaviest discharges are transient in nature and do not long endure.

63



(10) Sailfishing off the coast has been seriously affected.

Sailfish are animals of the high seas and they live in full sea
water. Statement (10) would have validity only if discharges through
St. Lucie Estuary would seriously modify the inshore salinity of the
Atlantic Ocean. It has no validity whatsoever.

(11) Shoal areas are formed in the river mouths and near
the 1nlet and boat navigation is affected.

Shoaling at the mouth of the estuary has no relation to St.
Lucie Lock and, in fact, such shoaling would probably have been greater
if there were no outflow of fresh water through the estuary. Recent
studies of passes and inlets in Texas have shown that those inlets closed
when river drainage dropped to an extreme low during droughts.

(12) Real estate values around the estuary suffer.

No information was obtained during this survey relative to the
validity of this contention. If this contention is true, it is due to a
false atmosphere created by publicity given incorrect assumptions and in
part is related to the next statement.

(13) Tourists won't come to or stop in Stuart during
discharge periods and the business economy suffers,

If this statement is correct, it is due to the general publicity
given to opinions derived from lack of biological knowledge and assumptions
contrary to fact. Actually, fishing license sales in Martin County in-
creased from 808 in 1948-49 to 2,323 in 1957-58. Commercial fishing in
the area has not declined and fishing pressure in St. Lucie Canal intself
near the locks has increased tremendously with fresh-water discharges.
Those discharges let nutrients into the water and better the condition
for the chief forage fishes., These facts are documented in this report.
This increased fertility must inevitably result in an increased fish
population. These advantages greatly outweigh the disadvantage of the
few saliniphilous forms which will be run out of the lower estuary by
the lowered salinities,

Newspaper articles and editorials from Stuart about the bad
effects of lake discharge have probably done as much to keep fishermen
and tourists away from the Stuart area as the fresh-water discharge.
There is no evidence of any real damage from the fresh water to the
fishes and animals in the estuary and loss in fishing time for some species
is only a temporary condition., Even with complete fresh water throughout
most of the estuary, there are some kinds of fishing available nearby in
the North Fork and fresh-water canals, below St. Lucie Lock, and in .
Indian River and the ocean. The fact that fishermen caught fish daily
at the lock during all rates of discharge is evidence of that. Although
particular desired species may not be available at a specific time, as a
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result of high discharges, the situation is no different from conditions
that occur everywhere near the mouths of rivers because of floods, the
migratory habits of various species, seasonal peaks of abundance, spawning
activity, adverse weather, and a host of other factors, some known and
others not known, why fish are not present; ox, if present, not taking
artificial lures or live bait at the time fishermen would like them to do
so. There appears to be no valid reason why the controlled discharge of
fresh water through St. Lucie Canal should be vociferously blamed for all
the unsuccessful fishing trips in St. Lucie Estuary any more than those
that occur on other tidal streams or bays. It behooves all fishermen to
know their waters and fish habits under various physical conditions and to
pick their time and place for particular species. Even then, they may not be
successful. Very seldom, if ever, will all desired kinds be caught under
the same conditions, regardless of whether St. Lucie Canal is discharging
fresh water.

b, General.-~A few more general remarks should be made. Sport
and commercial fishery interests should recognize that St. Lucie Estuary--
along with all other estuaries--is a nursery area for the young of sport and
commercial species and for small bait fishes which furnish food and stock
for the outer estuaries and the offshore areas. Those small fishes require
the productive conditions found in low=-salinity waters for food, growth,
and protection from larger marine predators which inhabit more salty waters.
In estuaries, there are always periods of poor sports fishing, but these
periods may contribute to the growth and survival of the young fish and
thus to better future conditions.

The muddy water of St. Lucie Estuary is no different from that
which occurs in any other bay after a storm. The same fan-shaped area
of turbid water can be seen &t the mouths of rivers all along the Atlantic
coast when it rains. The productivity of an estuary is increased by the
nutritive materials brought in by fresh water and this drainage is
probably necessary for high fertility.

I. SUMMARY AND CONCLUSIONS

25. St. Lucie Canal ig one of the two available outlets from Lake
Okeechobee, whose level must be controlled for irrigation and hurricane-
tide control. The other outlet discharges to the Gulf of Mexico through
Caloosahatchee River. St. Lucie Canal was originally comstructed by the
Everglades Drainage District between 1916 and 192L. It was taken over
by the Corps of Engineers in 1930, following serious hurricane damage and
the loss of many lives on the shores of Lake Okeechobee. The canal leaves
Lake Okeechobee at Port Mayaca and extends northeast 25.6 miles to the
south fork of St. Lucie River. 8%. Lucie Lock and Dam are located 1.9
miles west of the easterly end of the canal and about 23.7 miles from Lake
Okeechobee. St. Lucie Canal is part of the main channel of east and west
boat traffic between the Gulf of Mexico and the Atlantic Ocean. Navigable
depth is 8 feet.
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26. St. Lucie Estuary consists of a North Fork and South Fork and &
main estuary roughly in the shape of a Y. It empties into a coastal lagoone=
Indian River~-near the entrance to the Atlantic Ocean. The surface area
is 5,530 acres; the water volume is hl S L 50 acre-feetg and length of the
shoreline is 35.5 miles.

27. Discharge through St. Lucie Lock and Dam into the South Fork of
the estuary has a peak rate of about 9,000 cubic feet a seecond when the
Lake Okeechobee level is near 18.0 feet. Peak flood drainage into the
North Fork through creeks, drainage ditches, and small canals is at about
the same rate.

28. Discharges through St. Lucie Canal between 1945 and 1958 ranged
from zero in 1950 and 1956 to 2,687,000 acre~feet in 1947. The years 19L7,
1948, 1953, 1954, and 1958 were those of high discharges. In other years,
the discharge was moderate, low, or zero. The average annual discharge
during that period was 1,062,000 acre-feet. The heaviest discharge has
been from August to December in most years, with lesser peaks from January
to April in a few years.

29. Strong, well=-publicized contentions from local interests have
maintained that the flow of fresh water through St. Lucie Canal is destroy-
ing the estuary as a sport and commercial fishery resource, with consequent
bad results for the community in general. Because of these contentions, eix
investigations of the area have been made. In addition to the present study,
they are as follows:

a. In 1953«5l4; the University of Miami Marine Laboratory made a
study for the Corps of Engineers. The Laboratory collected data on salini-
ties and turbidities in relation to discharge, analyzed fish catch statistics,
and collected statements from local citizens. No biological samples were
taken. It was concluded that

(1) Rapid salinity changes could cause exodus of Saliulphilous
fishes and could cause death of animals unable to migrate.

{2) There vas no serious reduction in commercial fishing.

{3) Sports fishing is seriously harmed temporarily, but
there is no damage to fish stocks.

{4)  Sediments are deposited and retransported in the estuary
following lake releases.

{5) Salinity changes and sediment deposition are sufficient
to cause substantial ecological and fisheries damage.

(6} The only possible means of alleviating demege is to
reduce the rate of flow and increase its duration. Detailed ecological
investigationseswith particular relation %o sediment and salinity changes--
vere recommended.



b. (1) In 1953-54, the Jacksonville District conducted sedi-
ment studies. Analyses were made of all hydrographic surveys dating
back to 1883. Suspended sediment samples were taken between Port Mayaca
and St. Lucie Inlet (the pass between Indian River and the Atlantic
Ocean). Secchi disk observations of turbidity were made between Lake
Okeechobee and St. Lucie Inlet. The Corps made chemical and mineral
analyses of water flowing through the canal and made studies of the
material in the water that would be flocculated upon mixing with sea
water., Studies were also made of the soils along the banks of the canal.,

(2) (a) It was found that large quantities of very fine
organic material were suspended in the lake water--giving it a dark,
turbid appearance. That turbid water replaces portions of the salt water
in the estuary. Most of the suspended material is carried into the ocean.
That turbid water is objectionable to the people in the area. Under high-
flow conditions, there is rather uniform turbidity between Lake Okeechobee
and Stuart. Turbid conditions clear rapidly when canal discharge is dis-
continued, unless there is heavy runoff from the North Fork.

(b) Send material in St. Lucie Canal comes from
bank caving, only a minor part of which gets below the secondary spill-
ways. The principal shoaling area in the South Fork is just south of
Palm City bridge. That shoal increased by 1,183,000 cubic yards between
1932 and 1954. Dredging is required at intervals to maintain navigable
depths. Major sedimentation in St. Lucie Canal does not occur below the
Palm City area. Some shoaling and turbidity are caused by drainage through
the North Fork. The Lake Okeechobee discharge water contains about 0.8
parts per million of total nitrogen. Based on this figure, St. Lucie
Estuary was fertilized with over 2,000 tons of nutrient material from the
canal discharge in 1958.

c. During Fiscal Year 1957, the United States Fish and Wildlife
Service investigated the effects on fishes and wildlife of proposed drain-
age canals into the North Fork. Basic biological data were not presented,
but it was estimated that damage to the North Fork by increased frequency
of higher discharges would be $46,000 a year, based on estimated fisherman-
use of that area.

d. The Fish and Wildlife Service also made a biological study
of the estuary during Fiscal Year 1958. That report has not been submitted.

e. At the request of the Central and Southern Florida Flood
Control District, the State Board of Conservation--through i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>