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SOME ASPECTS OF THE EFFECTS OF THE QUANTITY AND QUALITY OF WATER ON

1
BIOLOGICAL COMMUNITIES IN EVERGLADES NATIONAL PARK

2
Milton C. Kolipinski and Aaron L. Higer

ABSTRACT

H
Hydrobiological investigations in Everglades National Park are

- summarized under four main topics: (1) vegetative changes, (2) popu-
lation dynamics of animals, (3) repopulation of small aquatic animals
after droughts, and (4) water-quality characteristics.

Changes of vegetation in Shark River Slough from 1940 to 1964, as

photographs,

determined from analysis of aerial/ showed a decrease in acreage of
wet érairie communities and an increase in sawgrass marshes and woody
vegetation. The apparent reasons for the changes are shortened wet
periods, incfease in fires, and loss of soil.

A long-range program of quantitative sampling of small fishes and
aquatic iﬁvertebrates in Shark River Slough began in 1965. Preliminary
findings indicate that long wet periods result (1) in an abundance of

small aquatic animals, and (2) the successful formation of wading bird

rookeries.

1 .
Prepared in cooperation with the National Park Service.

Aquatic Biologist and Hydraulic Engineer respectively, Water Resources
Division, U.S. Geological Survey, Miami, Fla.
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The recovery of aquatic populations after drought depends on duraf
tion and extent to which the aquatic habitats dry. Animals burrows
were shown to serve as survival holes for small fishes during droughts
of short duration.

The chemical constituents of the surface waters in Everglades
National Park compare favorably with other naturally occurring waters
in the United States that support a mixed fish fauna. Dissolved oxygen
during periods of low water in alligator holes decreases to below

(milligrams per liter)

2 mg/1/during most of each 24-hour period, causing a mortality of

susceptible fishes, such as the centrachids.

An average
(micrograms per liter)
of 0.0Z‘pg/IADf DDTHDDD4DDE was found in the surface waters of the park.
Several aquatic plants and animals exhibited biological magnification
: (micrograms per kilogram)
of insecticides. For example, mosquitofish contained 700 pg/kgfof the

DDT family which is 4 orders of magnitude greater than that found in

the waters.
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INTRODUCTION

A continuing program of water-resources investigations in the
Everglades National Park in southern Florida was begun by the U.S.

Geological Survey in 1959, at the request of and in cooperation with

the National Park Service. In 1964 the program was expanded with the
aim of determining the relatioo between basic biological communities
withinvthe park and seasonal and periodical‘fluctuations of ﬁater levels, ' 4
dissolved gases, nutrients, pesticides, chloride content, and other
chemical and physical characteristics of the water; Several repofts
have -been prepared which describe results of selected phasés of these
investigations (Schneider and Kolipinski, 1968; Higer and Kolipinski,
1967a and 1967b; Kolipinski and Higer, 1966a and 1966b; and
Kolipinski, 1965). A report by Hartwell, 1969, covers

hydrologic aspects related to the historical and current water supplies

in southern Florida.
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The purpose of this report is to describe the hydrobiological
findings of the investigations to date. These are found under the
following sections:

A.  Vegetative changes in Shark River Slough,

B. Population dynamics of aquatic animals in Shark River Slough,

~C. Effects of drought on aquatic animals of the Everglades, and

D. Water~quality criteria for aquatic animals of Everglades

National Park,
_Some’of the statements and conclusions that follow are tentative
and subject to modification, because they are based on interpretations
of short-term data that have been collected as part of long-term

investigations.

12
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HYDROBIOLOGICAL SETTING

The interior of southern peninsular Florida, from the Kissimmee
and Lake Okeechobee regions southward to Florida Bay, isbcharacterized
by extensive marshes and swamps. The major physibgraphic units ére the
Everglades, Big Cypress Swamp, and the mangrove and coastal glades (fig.
1). The location of the Everglédes National Park in relation to these
units is shown in figure 1.

Within . Everglades National Park are two
majorvsloughs, the larger, Shark River Slough and, the smaller, Taylor

Slough are shown in figure 2. Sloughs in south Florida are slowly

Figures 1 and 2. Belong near here. Captions on next page.

moving rivers whose flows are generally imperceptible to the eye. The
Shark River Sloﬁgh, capable of holding a considerable volume of water and
a variety of aquatic organisms within its 125,000 acres, is the course
through which fresh water flows to the principal estuaries of the park
(fig. 2). Because of the size and importance of the Shark River Slough
most of the hydrobiological investigations are conducted there. The
habitats selected for study in and near the slougﬁ are: tree islands,
fresh-water glades, alligator holes, and streams and rivers in the

brackish and marine environments.

13
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SECTION A
VEGETATIVE CHANGES IN SHARK RIVER SLOUGH

Background and Methods

A number of scientific reports and statements by naturalists
allude to the significant changeslthat have occurred since the turn
of the century in the distribution and composition of plant
comnunities in the Everglades. These reports and statements are
valuable historically, but théy fail to show specifically the location
and extent of the changes. An exception is a report by Johnson (1958),
in which aerial photographs were used to illustfate the spread of

National Park.

bushy vegetation in Everglades / The ground locations represented
in the.illustrations were generally given as ﬁear the Tamiami Trail
(U.s. Highway 41) immediately west of the Shark River Slough and in
the-slough‘itself. His illustrations indicated that an increase in
the density of bushy growth had occurred dufing the 11-to-14 year period
commencing in 1940. He stated, "The widespread growth of myrtle,
willow, holly‘and bay throﬁghout the Everglades flood plain has not
only changed its appearance but has influenced the flqw of water.
The insiduous spread of this unwanted alien growth makes it difficult

to recall the change that has occurred."
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A quantitative and more detailed study was designed by the authors
to document the gross vegetative changes that have occurred
in the slough, ‘and to determine why these changes occurred. Schneider
(1966) touched briefly on the préliminary findings of this investigafion,
based on aerial photographs taken in 1940 and 1952 by the U.S. Department
of Agriculture and by the U.S. Geological Survey in 1964, ‘

'The approach used in this study was to classify all the vegetation
observed on the photographs within three categories of plant groupings.
The three community types are: (1) communities with trees and shrubs,

i.e., heads, hammocks, and river-bank forests, (2) the sawgrass community,

and (3) the wet prairie community (fig. 3). Each community is a complex

Figure 3. Belongs near here. Caption on next page.

of species sharing a common habitat involving a particular ground elevation

panchromatic
and mean period of water inundation. Under stereoscopic examination of /
aerial photographs, taken at an altitude of 5,000 feet or higher, community
types in the Everglades are distinguishable, but generally the genera

composing a community cannot be identified taxonomically. The characteristics

of the communities will be considered here briefly.

16
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Tree and shrub communities occur as "islandd'in areas where the
at least , o . ‘
ground is/a few inches higher than it is in the surrounding marshes,
The majority of the tree islands in Shark River Slough contain

relatively few species and are called heads. The most abundant trees

are willow (Salix amphibia Small) and cocoplum:(dhrySobalahué icaco L.).»

Redbay (Persea borbonia (L.) Spreng., wax myrtle (Myrica cerifera L.),

and &ahcon holly (Ilex cassine L.) are less abundant but common to many

of the heads in this region of the Everglades. Some tree
islands are several hundféd feet 16ng, and contain hammocks in their
broader northern reaches where the ground is elevated 1 or 2 feet
and the adjacent marsh.
above the peaty surface of the remainder of the tree island, Hammocks
are hardwood forests containing a variety of broad-leaved evergreen
trees. For the purposes of this stpdy the data from (a) the upper
part and from (b) the lower (or southwestern) end of the Shark River
Slough were considered separately, because the botanical character of
the tree islands changes in the lower part of the slough, where it
merges withthe coastal marshes. Woody growth in the lower slough
occurs not only in the tree islands but also along the banks of the‘

rivers that begin there, This community along the banks of the head-

water streams and the rivers is called a river-bank forest. Some of the

trees in the river~bank forests are absent from the tree islands in the

glades., These include red mangrove (Rhizophora mangle L.) and button-
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wood (Conocarpus erectus L.). Other common plants in the forests along

the headwater streams are willow, cocoplum, pond-app’e (Amnnona glabra L.),

and the large leather fern (Acrostichum spp.). In the dry season,
brackish to moderately saline water moves up the headwater streams and
into the surrounding glades. Thus, the plants that colonize the lower
slough must tolerate fhe seésonally brackish conditions occasionélly
reaching a chloride content of 5,000 mg/l. About 10 percent of the area
in fhe upper slough is currently occupied by trees and shrubs, compared
to 23 percent of the area in thellower slough (based on measurements
from rectified models of airphotos covering 5 percent of Shark River

Slough taken in 1964).
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The sawgrass community predominates in the slough, constituting
about 72 percent in the central portion and about 67 percent in the
lower end. This marsh community was described by Loveless (1959), as
éomprising 65 to 70 percent of the total vegetative cover of the
Everglades. He states that the sawgrass community is often mixed with
an association of semi-aquatic species that warrant sub-community
designation according to depth and duration of flooding.

The wet prairie is an aquatic community that is irregularly dis-
persed among the sawgrass marshes. Inhabiting the wet prairies are
sparse-to-dense stands of aquatic sedges and grasses. ‘Abundant in
this community is a thick felt-like mat on the water-covered ground
and around’plant stems called periphyton, composed basically of inter-
laced filaments and cells of algae? other miscroscopic plants, minute
animals, and calcite. Loveless (ibid.) described the wet prairie
community as having three principal genera forming the plant ;over -

Rhynchospora, Panicum, and Eleocharis. The wet prairies in Shark

River Slough have sometimes been referred to by the descriptive phrase,

shallow intermittent ponds,

19




In the lower end of the Shark‘River Slough only 10 percent of the
area is now occupied by wet prairies, compared to 18 percent in the
upper portion.

The communities were accurately outliﬁed onto rectified modelé
from the panchromatic aerial photographs with the ai& of a mechanicai
stereoplotter. The illustrative models for this report were prepared
by Antonio Jurado, U.S. Geological Survey, Miami, Fla. The percentage
of the model areas occupied by each of the plant communities was
determined by weighing each mbdélvon an analyticai balance, then cutting
out and weighing each commuﬁity. Maximum variation of results was
0.2 percent. Models were compiled from ten randomly chosen plots in
the slough of 640 acres (1. square mile) each. The 6,400 acres
examined cover about 5 percent of thevwhole slough. Illustréted models

from two of the 10 plots are shown in figures 4 and 5.

Figures 4 and 5. Belong near here. Captions on next page.
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Results

i

The most notable change in both the upper and lower parts of the
slqugh from 1940 to 1964 is the decrease in acreage of the wet prairie
communities 4%;3;:6). The decrease in acreage was greatest in the upper

| — ,) 5 - ;

Py S y
Figgyé/;. Belongs near here. Caption.-on next page./ /

e
/
/
/

slough. The loss was balanced by an increase in the area of the saw-
grass communities with no appreciable change in the tree and shrub
communities. In 1940 wet prairies occupied one third of the upper slough,
but by 1964 they occupied less than one fifth of this region. The
decrease was accompanied by an increase in area of sawgrass marshes from
59 to 72 percent %fig:iéa.

In thé lower slough the change in area of wet prairies was less
dramatic, decreasing from 14 to 10 percent;in 24 years, and areas of
sawgrass marsh decreased siightly from 69 to 67 percent., Here the
increase was in wood§ species which went from 17 to 23 percent of the

area.
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The overall trend in the slough has been toward a loss of aquatic
associations and an increase in semi-aquatic and tree and shrub associa-
tions.w[EZ;;k Craighead, Sr. (oral commun.,1968 ) has stated that most
of .the woody growth in the park is less than 50 years old. Possible
causes for the change in area of these plant communities are:

1. Shorter periods of inundation: The decrease in wet prairie habi- .
tats and corresponding increase in the other communities was greatest from
1940 to 1951 énd somewhat less from 1952 to 1963. Parallelling this, the
wet prairies were covered with.less water and for shorter periods of time
- from 1940 to 1951 than they were from 1952 to 1963. The greater severity

of droughts in the first 12 yvears is demonstrated in figure 7. A

Figure 7. Belongs near here. Caption on next page.

drought, as defined here, is the period of time that the water level falls

below the ground surface of the wet prairies. As indicated in Table 1,

Table 1. Page of ms. beloﬁgs near here. Caption on next page.

the wet prairies near the P-33 hydrologic station were flooded only 87
pércent of the time (125 months) in the first twelve years but were
flooded 92 percent of the time (132 months) in the second{twelve years.
The 5 percent difference, representing 7 months less of inundation from
1940 through 1952, seems cri£i¢a1 because the greater loss ofvaquatic

plant communities occurred in this first twelve-year period.
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Figure 7.--Water levels at P-33 (hydrologic field station) in relation
to mean land elevations in four types of biological conmunities. The
mean elevations (horizontal lines in the figure) were determined from
measurements made every 10 feet in a transect of 1,950 feet (A-B
in fig. 5). The transect originates at P-33. Dotted line indicates
values that were estimated from a correlation between data from the
P-33 station and an upstream station at Forty-Mile Bend. The latter
provided a continuous record of water levels for 24 years. -
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age

o Table 1.--A comparison of the percent/ofvtime water covers

four major biogeomorphic features in a part of the

Shark River Slough in two 12-year periods: 1940-1951

and 1952-1963. Mean levels are based on limited measure-

ments from a transect (AB in fig. 5) in the slough,

Biogeomorphic features

age

Percent/of time water is above

Ground level in tree islands
Ground level in sawgrass marshes
Ground level in wet prairies

Ground level in alligator holes®

fea;ure v
1940-1951 1952-1963
66 68
74 82
87 92
96 99

* Based on profiles of 14

alligator holes in the uppér SIngh.
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The P-33 water-level data for the fifét 12-year period; 1940-1952,
are based on a correlation with'ﬁater levels at Tamiami Canal at 40-mile
bend (fig. 7). The elevations at the transect site (fig; 5) are not
necessarily representative for the upper Shark River Slough Area. This
is important to keep in mind as these data could be read to minimize the
severity of past droughts in the entire slough.

2. Soil losses and fires: Oxidation and compaction of soil in
the Evefglades, especially in the farming regions around Lake Okeechobee,
have been widely documented (Dévis, 1946; Stephens, 1955 and 1960).
Rapid oxidation together’ﬁith other losses of peat deposits occur when
the water level falls below the ground surface for extended periods. -

In ﬁéper Shark River Slough the soils, composed of interlayerings of
peat and marl and having a thickness of only 1-2 feet have
been deposited on the limestone base. In the willow and mixed heads

the soil is largely peat as thick as 4 or 5 feet. In»the lower
'siough, around the headwaters of streams draining the slough the peats
are even thicker. Little is known about the rate and extent of soil
compaction in fhe park, but-scientists (Robertson and Craighead, oral
commun ,y 1968 ) who have ﬁorked in' the area and who have searched the
records state that the sediments were generally deeper before construc-
tion of the extensive flood and water-control projects that began around

the turn of the century.
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also
Oxidation of soils/has taken place ‘in the Everglades as a result

of fire. Historically most fires originated: from lightning strikes
(Robertson, 1953), but in recent decades man has taken a more active
fole*in starting - fires., Soils in the slough were considerably deeper
only a few decades ago, when fires were less devastating. Robertson
(written commun.)1968 ) notes that the. fires most destructive to peat

in the Shark River Slough occurred: from the mid-1930's through 1945,

More recent fires in years-of: drought have burned 'less peat simply

because less peat remained to be burned.
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3. Soil formation: In opposition to the oxidation and compaction
processes, soils are coﬁtinually building up from plant femains, algal
mats and precipitation of chemical constituents from the water.
Calcareous materials are the most notable of these chemical depositions
and they occur in the marls that form in the wet prairies. Peats are
laid down in the sawgfass mafshes and tree islands.  The tendency of
the sedimentation processes over the years is to fill in the water
basins. The soils in thé:wet_prairies.and sawgrass marshes throughout
the slough average only 1 or 2 feet deep, although depths are

greater near and in the tree islands.
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Conclusions -

Two terms used in plant ecdlogy as relatéd to the suécession of plants
need to be introduced here. A climax, in the traditional senée, is a |
relatively stable, self-perpetuating;bterminal,‘Biotic cdmﬁuhity of a
sequence of communities or seres (Chew; 1966).v Thévtfopicai hémmocks
represent a climax community. ‘Commﬁnit{es Whiéh’péfsist in equilibfium
with a continual disturbance are called disclimaXés (contraction of the
words disturbed and climax). The heads, wet prairies, and sawgrass marshes
of Shark River Slough, as well as the pine forests outside the slough, are
dynamic communities; they are fire disclimax types.

A principal common to all national parks is that they be preserved
and protected in their natural state, - Thus, where fires are occurring
. either more or less frequently than they were historically, consideration
must -be given to the maintainence of the fire-disclimax communities.
Robertson (1953) noted the effects that altered hydrologic conditions have
on fire frequency and resulting changes in the plant communities of the
park, Briefly, his princiﬁle conclusions on the effects of fire in the
park were:

1. Elimination of fire would result in the eventual disappearance
of the "fire-maintained cover types' (= fire disclimax types).

2. "The severe and frequent firesvoccurring under present altered
conditions are rapidly eliminating the hardwood forest types, and seem
capable, also, of causing degenerative changes in the fire types. It thus

seems imperative that an attempt be made to control all fires in the area
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with special efforts to protect the tropical hammock and bayhead vegetation."
3. '"Restoration of former water levels on the glades would change
the necessities of fire control, and shouid bring about a situation in
which only areas of special use or inﬁerest need be guarded from fire."
4, Careful iong-term attention should be given to the study of fire
effects on vegetation df the park with emphasis on stand density and_

composition of the sub-climax fire types.
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A complete understanding of fire effects on the communities
thus is a prerequisite to wise management practices that will preserve
the biological integrity of the park. Also, there is the long-range
neéd‘of having the annual period of inundétion approxiﬁate that which
occurred under natufal conditions. | o

The comparativély‘short periods of inundation, such as from 1940
through 1951, appear to be the chief factor in the replacemenf of
aquatic plant communitieé by sémi;aquétic and sémi-terrestrial éom-
munities (heads). Longer average periods of iﬁundation are 1iké1y to
result only through the release of adequate volumes of water from.the
areas north of the pérk. The National Park Servicekhas requested an
annual releasé of 315,000 acre-feet.into the park for the Taylér and
Shark River Sloughs on a monthly schedule based on available infor-
mation on the historical seasonal pattern of flows (U.S. Corps of
Engineers, 1968).

The use of biological criteria, as they become established, may
provide the means for a more precise determination of the water
requirements of the park. "Continuing research may permit refinement
of the (water) requirement based on ecology" (U.S. Corps of Engineers,

1968).
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Recommendations

The 10‘vegetative study plots have been established as vigil stations
for continuing studies. Despite the numerous botanical studies that have
been conducted in the environs of Everglades National Park few have dealt
with the description of the communities, and the few reports that
describe communities fail to docﬁment the specific 1ocati§n of the areas
studied; With future studies at the vigil stations it may be possible to
predict what hydrologic and otﬁer environmental conditions will be necessary
for the plant communities to develop naturally. The communities>in the
vigil plots should be re-examined every 5 or 6 years to deterﬁine

what additional changes have occurred and why.
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SECTION B

POPULATION DYNAMICS 0E AQUATIC ANIMALS IN SHARK RIVER SLOUGH

'Background and Methods

The small fishes and crustaceaﬁsqare.a particularly important segment
of the wildlife in the park, for they are near the base of the fobd webs
that provide nourishment for larger fishes, amphibians, alligators and
othér reptiles, the marsh and‘wading Birds, and various mammals., Small
fishes, as the sailfin molly, flagfish, and sheepshead miﬁnow feed on components
of the algal mats or periphyton, that include diatoms, desmids and
filamentous algae, and to some extent on vascular plants and minute

arthropods (tables 2 and 3). These fishes, in turn, serve as food for

Tables 2, 3 and 4.--Pages 36-38 of ms. belong near here.

birds, §table 4) such as the American Bittern (Botaurus lentiginosus (Rackett)),

Green Heron (Butorides virescens), Great Blue Heron (Ardea herodias)and

Wood Ibis (Mycteria americana Linnaeus). The large variety of aquatic

organisms in the diets indicates that these predatory birds take what

is easily available within a certain size range rather than feed on
particular species. It is necessary pherefore, to know what happens

to aquatic animals in the park during the seasonal cycles of high and low:
water levels and, more importantly, what happens during several consecu-

tive unusually wet or dry years.
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Table 3.--Algae, diatoms, and desmids that are included

in the diets of the fishes listed in table 2.

&

Green Algae Blue-green algae
Bulbochaete Aphanocapsa
Chlorococcum E A Lyngbya
Closterium - Oscillatoria
Coelastrum : | ' Phofmid ium
Microspora | ' Schizothrix
Micrasterias | : Spirulina

Mougeotia

Oedogonium | Desmids
Pleurotaenium ‘ Cosmarium
Scenedésmﬁs : Dismidium
Spirogyra o Euastrum 
Spondyldsium : Staurastrum

Triploceras
Diatoms

Coscinodiscus

Other unidentified genera

(From Julie Multer, Written cQmmun,,1968 )
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William B, Robertson, Jr., (oral commun.)1968 ) believes that the
Wood Ibis is a key avian species in that its failure or success in forming
rookeries each year usually indicates the availability of food and the |
suitability of hydrologic conditions necessary for all grope-feeding
birds. The quantity of food that these birds consume is considerable.
Kahl (1962) estimated that, on the average, a young Woodebis consﬁmes
about 16,500 grams of food during its nestling period of approximately
60 to 65 days. |

The aimkof this investigation is: (1) to define the abun&ance and
types of aquatic organisms present under different hydrologic conditions,
and (2) to correlate the hydrological and biological parametefs to |
acquire a measure of the water needed to maintain adequate biological
populations. Quantitative information on the nuﬁbers of aquaticr

animals can serve as one index of the zoological well-being of the park.
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A pull-up trap with 1/8-inch openings in the nylon mesh (fig. 8)

Figure 8. Belongs near here. Caption on next page.

was devised to quantitatively sémple the small, freely swimming aniﬁals

in the shallow ﬁonds and sawgrass marshes of the slough. Sampling which
began on é-monthly basis in April 1965, is expected to continue for
several years to determine relationships existing among numbers of animals,
periods of inundation, and‘physico-chemical characteristics of‘the water.
This may make it possible to predict the number of aquatic organisms that
will be produced seasonaliy under giveh hydrolégic conditions. To date
more than 50,000 small fiéhes, crustacéans, and inéect larvae (fig. 9,

table 5) have been coilected, identified, éounted and weighed.

Figure 9. Belongs near here. Caption on next page.

Table 5. Page 43 of ms. belongs near here. Caption on next page.
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SAWGRASS
. COMMUNITY

"WET PRAIRIE
COMMUNITY

Figure 8, —~Pull-up trap designed to quantitatively sample small aquatic
animals in the wet prairie and sawgrass communities of the Shark
River Slough. This trap and preliminary data have been described
by Higer and Kolipinski (1968).
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Figure 9.--Adult specimens of A, the mosquitofish, Gambusia affinis and
B, the fresh-water shrimp, Palaemonetes paludosus. These are
the most abundant of the many aquatic animals of similar size
that live in Shark River Slough and occupy intermediate
positions in a number of Everglades food webs.
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Table 5.--Percentage of occurrence of aquatic animals captured by

pull-up trap

,age

Scientific name

Common name

Percent 'of number of
individuals per

trapping a/

Gambusia affinis (Baird and

Girard ~~~crmmccmm e e c———— A

Mollienisia latipinna

Cyprinodon variegatus

Lacepede -=-===c-acmccccmaa-

Palaemonetes paludosus

Fundulus confluentus

Goode and Bean ~-=~~~r=ewc-- v

Jordanella floridae

Goode and Bean ----m==e=——mea

Heterandria formosa

Agassiz ~=-=-mmemcccmnacaaa

Mosquitofish
Sailfin molly

Sheepshead minnow

Fresh-water shrimp

Marsh killifish

Flagfish
b
Insect larvae —

c
Tadpoles —

. Least killifish

Other animals

73.7

8.3

6.1

5.0
2.5

1.7
0.6
0.6

0.3
1.2
100.0

a/ Based on 40 night samples comprising 1,432 specimens collected
from October 1965 to March 1966 in the Shark River Slough.

b/ Principally dragonfly nymphs, Corixidae, and Dytiscidae.

c/ Tadpoles unidentified.

d/ Other animals taken: Lepomis spp., Lucania goodei Jordan, Fundulus

chrysotus (Gunther), Notemigonus crysoleucas (Mitchill),

Labidesthes sicculus (Cope); Ictalurus punctatus (Rafinesque),

Procambarus alleni (Faxon), Gastropoda, Mysidacea.

43




A data-storage-and-retrieval computer program is used to tabulate
data and run statistical analyses on the trapping results. The program
considers the numbers and weights of individual species in relation to
water depth, antecedent water conditions, water temperature, time of
reproduction, type of aquatic envirpnment sampled, time of sampling, and
phase of the moon.

Figure 10 depicts the changes in numbers of these species in relation

Figure 10. Belongs near here. Caption on next page.

to the mean monthly water depths and periods of inundation of the sawgrass
and wet prairie communities‘for a 26-month period. Beginning in April
1965, the water level fell below the gfound surface of the wet prairies

in the slough. As the severe drought continued, the water level continued
‘to deéline until even the deepest of the alligator holes were dry. In
July 1965 the water was above the ground surface again as a result of
rainfall, but small and large fishes were essentially absent from the
slough. However, the few remaining animals together with migrants into the
slough began to reproduce, causing a gradual population increase. As water
remained in the shallow ponds their numbers continued to increase until
they reached a peak of more than 160 individuals of the six most common

species (fig. 10) per trapping in January 1967.
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Conclusions and Recommendations

Several additional cycles of continuous sampling would be required
before drawing definite conclusions, but it is noteworthy that the major
bird rookeries formed only partially in the 1965-66 nesting season. They
did form successfully in the 1966-1967 season (fig. 10), when aquatic
food-organisms were abundant, after a longer peridd of inundation. The
investigation may be expedited by increasing the number of sampling
locations especially in the loﬁer Shark River Slough where the bird
rookeries form and the major feeding occurs.

When this investigation of the animal samplings is completed and
considered in context with other data on populations of selected birds,
the results could be correlated to permit refinement of the water-
release plan essential for maintaining a natural balance in the Shark River
Slough and the estuaries to the southwest. These findings may have

transfer value to other areas of the park.
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SECTION C

REPOPULATION OF SMALL AQUATIC ANIMALS AFTER DROUGHTS

Droughts in the Shark River Slough can result from either rainfall
deficiency or lack of inflow. The rate and extent of recovery of aquatic
populations after drought dépends not only on the duration and extent to
which the habitats dry out, but also on the individual survival methods
and phyéiological adaptations of each species. Unfortunately, little has
been reported in the 1iteraturé on the methods and adaptations for
survival of aquatic organisms in shallow-water environments that dry‘up
occasionally,

After drought, the replenishment of the shallow-water communities of
the Shark River Slough with animals probably occurs in the following ways:

1. Movement of aquatic animals into the slough via water releases

through the control structures and canals along the northern boundary of

the park (fig. 2). This is based on observations of a movement of fishes

in July 1965, following a severe drought. As the water level rose above
the ground with the onset of the rainy season, small numbers of fishes
were observed in the extreme northern part of the slough, but considerable

searching revealed none southward until several weeks later.

47




Movement into the slough from the south via the headwaters of the

rivers that empty into the Gulf of Mexico and Whitewater Bay (fig. 2).

Many of the headwater channels retain fresh or brackish water even
at the height of a drought. Upon reflooding, aquatic animals can

migrate back into the slough and coastal marshes.

Movement into the shallow waters of the sawgrass marshes and inter-

mittent ponds from the hundreds of interspersed alligator holes,

occasional deep ground cavities and the few water-filled quarries

created by the excavation of limestone. These deeper bodies of

water rarely dry completely, and in most years they harbor
vestigial numbers of organisms that can move out and repopulate

the glades during summer flooding.
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4. The eggs of some species temporarily survive in a damp or humid

substrate. To some extent the peats, marls and algal mats remain moist

in the dry season by capillary attraction of the water below. Interestingly,
Harrington (1959) demonstrated that eggs of the marsh killifish, Fundulus
confluehggﬁ, stranded in the soil and exposed to the air, remain viable for
months and hatch when the water rises above the ground. 1In another instance,
Fred Lesser (oral communﬂ)1968 ) has watched numerous mummichogs, Fundulus

heteroclitus, crawl out from shallow water, lay eggs on the exposed ground

and then die. In addition to the fairly abundant marsh killifish, the

golden topminnow, Fundulus chrysotus, is occasionally caught in the Shark

River Slough traps (table 5). It will be interesting to learn whether

F. chrysotus also has eggs that are resistant to the exposure of air. This
survival adaptation may be common to the genus or perhaps it is a
subgeneric characteristic.

5. Animals carried by storms, birds, man and other incidental and

accidental ways. This is undoubtedly the means by which many fresh-water

species of the West Indian faunal province have become common to the

West Indies ~ and southern Florida.
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6. Replenishment from animal burrows. Crayfish, frogs, salamanders,

turtles and other animals excavate burrows in the peat and marl soils.

The burrows, frequently connecting with solution channels in the underlying
porous limestone, provide an aquatic‘environment when the water falls below
the ground. Small numbers of fishes and other non-burrowing animals
survive droughts, for they find their way, probably fortuitiously; into

burrows as water levels in the slough recede.
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Tabb (1963) has made an intensive review of what little is known about
the role played by burrowing animals in survival during droughts of various

duration. The crayfish, Procambarus alleni, abundant throughout the park,

is by itself responsible for creating millions of burrows utilized with
other small animals during a drought. Creaser (1931) has shown the

importance of these burrows to animal survival. He dug into burrows of

the crayfish, Cambarus diogenes, in a dried slough adjacent to a river in
the Missouri Ozark Mountains. After digging through about 3 feet of
clay, he reached the water level and removed a quart of water. While only
crustaceans were found, more than 6,000 specimens belonging to three species
repreéenting ostracods, copepods and amphipods were counted.

In Georgia, Neill (1951) noted the occurrence of numerous crayfish
in dry shallow ponds, some overgrown entirely with dwarf cypress, Taxodium
ascendens, and others with a mixture of trees and various emergent, marginal
and aduatic plants. The burrows led down to the water table and sometimes
opened into a complex network of horizontal passages. Casual excavation

of the burrows by Neill during a dry spell revealed specimens of the

amphibians, Amphiuma and Siren,and the rainwater killifish, Lucania parva,
all common to the park. Also, several other types of fish were present

in the burrows.
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The appearance of various fishes in the slough after drought raised
our interest to determine whether their source was from burrows or from
other methods of repopulation. During the dry season of 1967, an

impoundment, 65 by 65 feet, (fig. 11) was constructed in upper Shark

Figures 11 and 12. Belong near here. Captions on next page.

River Slough. It was enclosed with heavy plastic sheéting supported on

a wooden framework and to prevent inflow to the enclosure, the plastic was

sealed to thé ground surface with an earthen mound ardund the base. The
within ,

dried bed /[ the enclosure had numerous crayfish burrows, frog burrows,

and limestone solution holeé (fig. 12). Baited vertical-slit traps were

placed within the impoundment to catch.any orgaﬁisms that might emerge

from the holes. At the beginning of the rainy season, water levels had

»riseﬁ both outside and inside the impoundment, by rainfall and

subsequent raising of the ground-water level. Several adult

mosquitofish; marsh killifish, flagfish and a few crayfish were captured

in the traps.
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Figure 11. ~-Impoundment constructed in Shark River Slough to study
survival and recovery capabilities of aquatic animals following
average and unusually long droughts.
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Figure 12. --Animal burrow and surrounding algal mats within the impoundment
in Shark River Slough.




The results from this preliminary study have led tg}the planning
for a more definitive examinatién in which tagged fish will be utilized.
The authors have tentativelyﬁconcluded ;hat the érayfish burrow serves
as a vital refuge fér small aquatic animals when the water level falls
below the ground'éurface. The two major factors affecting survival in
burrows are: (1) the lével td wbich the‘waterbrecedeé; andv(Z) the
length of time that the water level remains below the ground surface.

- If thé water level falls more than 1 or 2 feet below the groﬁnd
surface as it did in 1965 (fig. 10), animals requiring an aqueous

medium, such as fish, die from exposure to air. "If the small aquatic
animals are restficted to the burrow for long périods they undergo -
physiological stress and may eventually die. The stagnant’watef‘iﬁ the
burrow builds up with their waste products, becomes depleted of ‘dissolved
oxygen, and increases in free carbon dioxide all creating a toxic

. envirénment. How»léng a period they can live in the restriction of the

burrow is unknown.
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SECTION D
WATER QUALITY CRITERIA IN EVERGLADES NATIONAL PARK

Background and Objectives

In 1959, analyses were begun by the U.S. Geological Survey for
common chemical constituents in the waters within and to the north of
the park. Starting in late 1966, the waters were also analyzed to deter-
mine'thé amounts of trace elements, heavy metals and pesticides in various

aquatic communities, (fig. 13,‘tab1e 6). A research station, called

Table 6. Page 57 of ms. belongs near here. Caption on next page.

Cottonmouth Camp (fig. 14), was built in the Shark River Slough to serve

Figures 13 and 14, Belong near here. Captions on next page.

as a base of operations fof the water quality and other hydrobiological
investigations ;arried on in the Everglades communities.

The objectives of the water-quality investigations are to determine,
on diurnai, seasonal and long-term bases, the following:

1. The effect of water quality on aquatic organisms,

2. Conversely, the effect of organisms on water quality, and

‘3. The occurrence, distribution and source of pollutants in the

park.
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Table 6. Water quality characteristics measured in the surface

waters of Everglades National Park and vicinity.

Common chemical constituents

Ammonium (NH4)
Bicarbonate (HCOS)
Calcium carbonéte (C;Co3)
Chloride (Cl)

Dissolved Oxygen
Dissolved solids
vFlofide @)

Free Carbon dioxide'(COZ)
Iron (Fe) . -
Nitrate (NO3)
Nitrite (NO,)
Phosphate (PO4)
Potassium (K)
Silica (Si)
Sodiﬁm (Na)

Sulfate (804)

Physical characteristics

Color

pH

Specific Qonductance
Temperature

Turbidity
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Trace elements and heavy metals

Arsenic (As)
Copper (Cu)
Bromide (Br)
Iodine (I)

Lead (Pb)

Lithium (Li)
Nickel (Ni)

Zinc (Zn)

Pesticides
(chlorinated hydrocarbons)

Aldrin

DDT, DDD, and DDE
Dieldrin

Enérin

Heptachlor
Heptachlor epoxide

Lindane




‘g °@79e3 ur eiep L311enb J93eM y3zIm
P93SIT °d® saweu uollels dYL °}Ied [PUOTIRN Sope(Sioaf Iesu
pue ur suorjels Suridwes £317enb-asiem jo uorjedoy Buimoys dep--°g¢i aan81Jg

2
Ve

——

S3TN Ol -0

\

I?'8062 o
£'8062e

£€'806 V

58




18N

-

. hd

‘SAWGRASS +

INSTRUMENTATION s
v w8 TATION ™

GRS

Figure 14.--Map of Cottonmouth Camp and vicinity in Shark River Slough.

Biologically important water-quality characteristics are monitored
in the alligator hole and surrounding glades in conjunction with
quantitative sampling of aquatic animals. (Map traced from an
aerial photograph).
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The water-quality data that have been collected are still undergoing
analysis. The findings, to date, are discussed in this section as they
relate to Everglades National Park under the following headings:

1. General water-quality characteristics,

2. Diurnal and sgasonal variations in dissolved oxygen, and

3. The potential threat of pesticides to biological communities.

General water-quality characteristics

The bulk of the water-quaiity information has been prepared for
calculations by a digital coﬁputef. An appendix to this report contains
computer tabulations of the data collected from 1958 through 1968. The
listed values for pH were made in the laboratory and do not necessarily
represent the true pH which would be found in the field. However,
determinations of pH were made diurnally in the field periodically

between 1965 and 1968. The pH ranged from 6.5 to 8.0.

59

-




As an indication of the general quality of the fresh waters of the
park, the range and median values of nitrate, sulfate, calcium, dissolved
solids, and iron were compared at three regions with values from various

waters of the United States that support a mixed fish fauna (table 7).

Table 7. Page 72 of ms. belongs near here. Caption on next page.

These five dissolved chemicaljconstituents become pollutants whén their
concentrations become excessive due tb the activities of man. The
concentrations of the five constituents at Tamiami Canal and Taylor and
Shark River Sloughs have occasionally exceeded the values found by Hart
(1945) in 95 pércent of thevwaters in»the country thét harbored mixed
fishes, including game fishes. Howevef, the medién'§élues at the three
sites in and near the park are lower, in every inétance; than they were in
95 pércenf of the compared United States waters. Although a few decades
old, Hart's data serve as.a soundbbase for compariéon by indicating the
quality of the United States waters previous to the heavy pollution of recent
years that has occurred in many of them. This comparison indicates, in a
general way, that the fresh waters of the park are presently unpolluted in

terms of the above five constituents.
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Diurnal and Seasonal Variations in Dissolved Oxygen

Background: -=As water levels drop and the sawgrass marshes dry,
most of the fauna moves into canals, wet prairies, and alligator holes.
The resulting concentration of aquatic organisms often depletes the
available oxygen in these bodies of water. The situation becomes
especially critical at night when the aquatic plants cease oxygen pro-
duction while biological consumption and the oxidation of organic
matter continue., The dissolved oxygen concentration is affected by
various physical and chemical characteristics of the water, and by the
organisms that live in and around these bodies of water. However,
the recession of water levels in the Everglades environments is the
dominant factor that initiates a series of physical, chemical and
biological changes which collectively result in the depletion of dis-
solved oxygen.

Dissolved oxygen concentrations were determined under various
hydrologic conditions and at different sites in the park. The findings
at Cottonmouth Camp, Tamiami Canal near the Shark River Valley Loop

Road, and Royal Palm Pond in Taylor Slough follow.
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Results.--Cottonmouth Camp: This research station is located at the
edge of a willow head that contains an alligator hole (fig. 14). It is
surrounded by sawgrass marshes and wet prairies. At its deepest, the
alligator hole has a water depth of about 5 feet during the wet seasons,
but it, as well as virtually all the others in the slough, dries
completely in times of extreme drought, as in April 1965. The aliigator
hole'is.about 60 x 40 feet; at high-water stages it contains approximately
7,000 cubic feet of water. 1In the wet season, the surrounding willow head
is inundated and the water surface is continuous between the alligator
hole and the surrounding glades.

Dissolved oxygen determinations were conducted hourly or bi-hourly
for 24-hour‘periods about once a month beginning in April 1965 and
terminating in June 1968.

During the high-water periods (fig. 15, A and B) dissolved oxygen

Figure 15. Belongs near here. Caption on next page.

concentrations were similar both in the sawgrass marshes and the alligator
hole. Day and night concentrations were generally greater than 3 mg/1l

with a peak of nearly 9 mg/l occurring in mid or late afternoon.
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As the water level began to fall below the ground surface some
organisms moved into burrows. The sawgrass marshes became isolated from
the alligator hole (fig. 15, C). Other remaining animals, includiﬁg
large fishes such as gar and bream, by then, had moved into the alligator
hole and its stagnating waters (fig. 15, D).~ ”

During such periods of low water the dissoived
oxygen remained below 2 mg/1l during most of each 24-hour period causing
a mortality of susceptible aquatic animals. This was observed among the
centrarchid fishes (bass, bream, etc.).

Tamiami Canal: A fish-kill occurred at the northern boundary of
the park in the old Tamiami Canal between Control Structures 12B and

12D (fig. 16). The mortality began in the last week of November 1966.

Figure 16. Belongs near here. Caption on next page.

The control structures were closed on November 9 stopping water flow into
the park. In the following 3 weeks the water level south of Structure
12C dropped nearly 2 feet from 9.2 to 7.3 feet above mean sea level.

As the water level in the glades to the south dropped, large numbers of

fish and other aquatic animals apparently moved into the old canal.
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During a reconnaissance on December 1, 1966, hundreds of dead cat-
fish, bass, and bream were found in the canal. Inadequate dissolved oxygen
was indicated by numerous large schools of catfish and a few individual
bass gulping air or "mouthing" at the water surface. Such distress lowers
fhe general well-being.of the fish, because basic activities such as feeding
practically cease. Analyses late that morning showed that the diésolved
oxygen of the water in the canal was less than 0.5 mg/l. Experience at
Cottonmouth Camp alligator hole indicates that values were even lower
at night when the aquatic plants ceased production of oxygen while con-
sumption continued. The respiratory activity of many fishes and other
aquatic animals begins to be severely affected as the dissqlved oxygen
falls below 3 mg/l in subtropical waters; few fishes can exist for an

extended period of time below 1 or 2 mg/l.
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Royal Palm Pond: A mortality of more than 2,000 Florida spotted

gar, Lepisosteus platyrhincus, resulted from an infestation by a
branchiuran parasite, Argulus n. sp. at Royal Palm Pond located in
Taylor Slough (fig. 2) in June 1965 (Kolipinski, 1965). Probable
factors that influenced the population explosion of the parasite were
the abundance of hosts (gar) and the lack of predators on Argulus. A
concentration of gar in the pond immediately before the fish kill was
related, in part, to an unusually prolonged drought. Coincidental
with the mortality of gar was the lowest water level in the pond

gsince the beginning of record in August 1960 (fig. 17). Laboratory

Figure 17. Belongs near here. Caption on next page.

tests (Leppert, written commun., 1965) showed that potential

predators of Argulus n. sp. are flagfish (Jordamella floridae), golden

topminnow (Fundulus chrysotus), several centrarchids, fresh-water shrimp

(Palaemonetes paludosus), snd:water scazpibﬁa(Ranétra sp.). Species
that would ordinarily feed on the 1arVae étages and adults of Argulus
in Royal Palm Pond were either few in number or absent. The limited
number of predators on Argulus probably resulted from feeding pressure
by gar and other animals and the low dissolved oxygén during hours of
dark.

Control of Argulus seems dependent upon high water levels which

provide a favorable environment for predators of the hardy parasite.
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Figure 17.--Mean monthly water levels in Taylor Slough at Flamingo Road,
and rainfall at nearby Royal Palm Pond from September 1960 to June 1965.
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The Potential Threat of Pesticides to Biological Communities

The use of pesticides in Florida is increasing and is heaviest in
the central citrus belt and the truck-farming regions in the central and
southern parts of the state. 1In early 1967, the ciﬁrﬁs(induétry
encompassed 755,000 acres with 55 million trees (Jones, 1967). Eighteen
months later (Jones, Written commun . , Septembef 1968) the industry
expanded to 931,000 acres with 74 million trees. The?e are also 420,000
acres (Mullin and'Stiles, 1966) occupied by vegetab1e57me16n;:§g£ato and

strawberry crops (fig. 18). Sugar cane islgrown on 200,000 acres

Figure 18. Belongs near here. Caption,on‘hekt page.

(Orsinego, oral commun:, _January: 967) below Lake Okeechobee.
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The organophosphate class of compounds.(parathion, malathion, etc)
is by far the most commonly used in,Florida.» waever, considerable
amounts of persistent chlo;inated hydrocarbons (DDT, dieldrin, toxaphene,
etc) are introduced into the environment, mainly by applicétion1fo

certain crops, and are found in most living organisms. Persistence

leads to biolpgicél magnification, a phenomenon in which these togins
move through food chains With negligible }oss and‘bécoﬁé ﬁighly édnr
centrated in the terminal Qrganism of each chain. Birds:and other

large predators have chlorihated hydrocarbons in their tissues at
concentrations that often cause chronic diseases and hamber their ability
to produce viable offspring. The biological}concent;ation begins with
algae-and other microscopic organisms concentrating«these peéticides

from extremely dilute water solutions., The wéters of Florida generally
were found to contain concentrations of DDT, and its toxic metabolites

DDD and DDE, in the range of 0-0.90 mg/1, o : and. smaller

.. amounts .of other chlorinated hydrocarbons were detected (fig. 19).

Figure 19. Belongs near here.b'Caption on next page.
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Sediments in Shark River Slough and in the nearby L-67A canaI were
found to have concentrations of the DDT famlly in an order of magnltude

of 1,000 times greater than in the overlying water above them (f1g.-20)

Figures 20 and 21, Belong near here. Captions on next pagé;

From the low concentrations in water, algal mats and macroscopic plants
also, are able to concentrateithe DDT congeners in their tissues to
micrograms per kilogram levels. Moéuitdfish, carnivores that are a few
trophic levels higher, had average tissue levels of 700/*g/kg.

Raptorial birds, such as the Everglade kite, concentrate these
toxins to even higher levels,
| Work is continuing at nine sites in the Park and other locations

in south Flbrida (fig. 21) to determine: (1) the sources and distribu-

tion of peSticides, (2) details on seasonal and long-term fluctuations‘

in biological magnification of pesticides, and (3) the 1ong-term chronic

. and mortallty effects that pesticides have or w111 have on organlsms in

the park.
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