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UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

RELATION OF WATER LEVEL AND FISH
AVAILABILITY TO WOOD STORK REPRODUCTION IN THE

SCUTHERN EVERGLADES, FLORIDA

By

James A. Kushlan, John C. Ogden, Aaron L. Higer
ABSTRACT

The wood stork is a species of colonial wading bird in the
Everglades that is most sensitive to changes in the availability of
food. Pr.evious studies have shown that the initiation and success
of. wood stork nesting depends on high densities of fish concentrafed
in ponds and other catchment basins during the dry season. The
e.xtreme dependence of the wood stork on the cyclic hydrologic regime
of ti1e southern Florida wetlands makes it an indicator of the well«
~ being and ecblogical stability of the Everglades,

The wood stork has declined in numbers over the last 25 years.
One reason for the decline in the wood stork population was the change
in the hydfologic regimen of the Everglades which affected the féeding

habitat and the food production.



The fish on which the wood stork feeds increase in density
during the dry season as water levels fall. In the Everglades marsh,
densities were highest in front of the dfying edge of surface water at
a depth of about 0.3 m. Dry-season densities were greatest when a
drought occurred the previous year.

Historically wood stork nesting success was associated with
high summer water levels,. high rates of surface -wa.ter.dischar_gé
and high rates of drying. Before the closure of the south side of
Conservation Area 3 in 1962, years of successful and unsuc:cessfu-l
nesting were characterized by different pattezfns of drying. These
patterns changed after 1962 and generally the predictability of suc-
cessful nesting breaks down thereafter. Only .two nesting years after
1962 were successful and in only one of these was the drying rate
similar to years of successful nesting befbre 1962. Two other
potentia.llf successful years failed after ‘1962, This suggests that
further changes in the hydrobiological relations -oc cﬁrred within the
Everglades after 1962. |

Lack of successful nesting after 1962 can be a.tt;'ibuted in
large part to late colony formation and the interruption of nesting
by winter rainfall, In this period (1962-72), lcoloni.es formed earlier

in years of high early drying rates than in years of low early drying



rates. Delay of colony formation is ultimately the result of in-
ability to attain a suitable nutritional state since food supply is the
primary factor in the initiation of nesting. Many of the complex

food associations of the wood stork remain to be explained.



INTRODUCTION

-
LIS

The Florida Everglades is a vast, shallow marshland v.;hich
in its natural state. encompassed nearly 10, 000 krn2 ‘stretching from
the south shore of Lake Okeechobee to t_he; maﬁgrove swamps of
southwest Florida, 160 km to the south._ ;-A%sheet of'Su}fa_ce ﬁv_étef .
generally less than 1 m deep ﬂox;ved squthward with a gradient
averaging about 5 cm/km (Leach, Kleiijxl and Hampton, 1972).. Near.
the latitude of Miami, the pfincipal Eve;tf‘-glrades drainage, cal.led' the
Shark River Slough, is constricted by a higher marshland to the east
and west and funnels into a series of dendritic ‘streams 'whig_:h enter‘
coastal mangrove swamps. These streams. c‘oales.ce into nila'ﬁgi'OVe-
lined rivers. |

The Everglades can be divided into three distinct re gions
(fig. 1): agricultural lands directly south of Lake ()-ke.ééh%.bé;.
three water conservation areas established -as water-_-rhané_gement

impoundments, and Everglades National Park including within its_

boundaries the southernmost part of the Eve rglades, -

A LI
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Figure l.--Physiographic features and geographical locations in southern
Florida. Aerial photography by Earth Resources Technology
Satellite. .
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The present paper reports on studies made in 1965-73 by
 the Geological Survey and the National Park Szarvice to relate
variation in water level to the production of aquatic animals and
the reproductive success ‘of the wading birds, particularly the
woaod stork, thaf brged in Everglades National Park,

Water level is critical to the colonial ne sting.wading birds
(qrder‘ Ciconiiformeé: bherons, ibises, storks) that breed during
the dry seaso_ﬁ when 1imndated areas are reduced to isolated -E.nools -

and fish become concenirated by falling water levels, The wood

stork (Mycteria‘i‘-;arnericana) is the species most sensitive to
variation.s in food avai-labirlity because, unliké visually hunting
species of herons, the stork feeds exclusively by non~visual,
“tactile methods and its feeding efficiency is directly related to
fish density (Kahl, 1964), ' Kahl also found that in sduthg;rn
Florida this species re.quires_ the high densities of gquatic
organisms concentrated by falling w’atér Ievel to trigger and
sustain nesting, . Historicallv;_r, whgn wooci storks ne sted sucéess-
fully so did.other species of wading birds,. aithough wood storks
failed in some years when other wading birds were aucc_es‘sfu.l'..

Since wading birds are dominant predators in the ecosystem and

12



adapted to the naturally flucfuating water conditions of the
Everglades, the wood stork is in many respects an indicator

of the natural functioning and general well-being of the Everglades
ecosystem, For this reason the biology of the wood stork has

been emphasized in this paper,

13
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STUDY AREA

The study area was the Everglades drainage system south
of U. S. Highway 41 (fig. 2). The study was concentrated in the
Shark River Slough which originates in the marshes north of U. S.
Highway 41 in what is now Water Conservation Area 3 and ex.tends.
to the southwest coast (fig. 2). South of U. S. 41, the slough covers
791 krnz. However 214 kmz, Iies east of Everglades National Park
and are cut off from the rest of the southern Everglades by Levee 67
extension {fig. 2).

Vegetation of the Everglades is dominated by four plant
‘associations described in detail by Davis {1943), Loveless (1959)
and Craighead (1971). Saw grass marsh, composed of almost pure

stands of Cladium jamaicensis, is the predominant community.

Mixed marshes or prairies of Eleocharis cellulosa and Rhynchospora

tracyi occur at slightly low;r elevation than saw grass marshes,

Tree islands are raised slightly above the surrounding marshes and
ve gefated by hardwood communities.  In the lower part of the slough,
dendritic streams are lined by river-ba._nk forest, primarily of man-

groves (Rhizophora mangle). Inland, river-bank forest is replaced

by saw grass.
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. Shark River Slough is the southern part of the Kissimmee -
Okeechobee -Everglades drainage system. Through the years the
system has been modified by canal drainage, water control and water-
management practices, and urban and agricultural growth. One of
the management wbrks was the completion of a levee along the south
side of Conservation Area 3 which changed the pattern of southward
flow to the Shark Ri#er Slough. The history and some of the conse-
quences of these developments on the total system have been reviewed

by Leach and others (1972).
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ME THODS

Water level was recorded continuously at gaging station P-33
(fig. 2). Station P-33 is located in saw grass marsh in Central Shark
River Slough at land elevation 1.6 m above msl (mean sea level). Data
from P-33, from 1953 through 1972, were used és an indicator of
water conditions of the southern Everglades and generally of water
conditions in southern Florida, High water years are those in which
water level at P-33 exceeded 2.0 m above msl dﬁring January. The
rate of water level decline was quantified by calculating an early and
late drying rate for the hydrobiological year, June through May. The
early drying rate is the net rate of change from the highest water
level in November of the previous calendar year to the highest level
the following January. The late drying rate is the net rate of change
from the highest water level in January to the higheét level in March.

Surface -water flow was measured at culverts and water control
structures along U. S. Highway 41 and divided for analysis into three
discharge segments as shown in Fig. 2. (Flows from Water Con-
servation Area 3 are controlled whereas flows from the eastern Big
Cypress are uncontrolled.) Years of low discharge are those in which
flow through the two sections across the Shark River Slough was less

6

than 320 x 10 m3 during the June-May annual cycle.
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Density of aquatic organisms in number per unit area was
determined by samples obtained with Higer pull-up traps. The trai)s
consisted of a sheet of 3-mm mesh nylon nettingona 1.5x 3.0 m
frame which rests on the bottom of the marsh and is pulled up by two
operators standing 15 m away. This device has been described and
discussed by Higer and Kolipinski (1967) and Kushlan (1974). Specimens
were fixed in ;0 percent foimalin in the field and later identified,
counted and weighed to 0.001 gm after being blotted dry. Computer
programs were used to calculate the average density of organisms
per square meter of surface area for such sample period.

Ten traps were installed in 1965 in the central part of Shark
River Slough (fig. 2): 5 in saw grass marsh and 5 in Eleocharis -

Rhynchospora marsh. Samples were generally collected during

1 week of each month; each trap was sampled on 2 consecutive nights
whenever possible. Because variation between samples from the
2 communities was within the range of variation within each com-
munity, data from .all trap sites were averaged to find the mean
density of é.ll fis.h and prawns for the period.

Population, movements, and feeding areas of wood storks from
1965 to 1972 were determined by regular, generally monthly, aerial

surveys. The total population within the southern Everglades was

19



censused during the winter-spring breeding season. Nesting numbers
and sucéess were determined by aerial observation and photography.
Information on colony formatipn and nesting success from 1953 to
1965 was obtained from W. B. Robertson, Jr. {National Park Service,
pers. .comm. 1972). A breeding season was considered successful

. if the nﬁmber of young produced was gre_a,t gnough to sustain a stable
total pop.ula.tion through the next breeding séasoh. R. P. ;Ailen's
estimates of annual mortality {in Palmer, 19625 were used in cal- -

culating population trends.

20



RESULTS

Hydrology

Variation in rainfall, evapotranspiration and overland flow
from the water conservation areas results in seasonal changes
in the quantity of water in the southern Everglades, Water levels
begin to rise in May or June to a peak in October; thereafter
levels decline, slowly and irregularly at first, but accelerate
in the spring and continue to decline until the next rainy season
starts., This temporal pattern of water-level fluctuation causes
a spatial variation in the distribution of surface water, As the
dry season progresses, evapotranspiration causes a decline of
water level throughout the southern Everglades, surface flow
decreases and finally ceases, marsh bottom becomes increas=-
ingly exposed along the higher land to the east and west, and
drying progresses inward from thé lateral edges and longitudi-
nally from both the north and the south, Dry season discharge
from Water Conservation Area 3 sustains inundation southwest
of Levee 67 longer than would otherwise occur,

After completion of the levee on the south side of Conser-

vation Area 3 in 1962 water~-levels in and flows to the Shark

21



" River .Slough were further altered by operati;an of the contz;ol
structures {fig. 2). Graphs of surface flows through the eastern
Big Cypress Swamp and flows into the eastern and central parts c-)f
the Shark River Slough for 1940-72 are shown in fig, 3. Until 1962,
thé Big Cypress and Shark River flows were comparable. There-
-.afte'r, there occurred a change in the pattern of ﬂovc; to the Slough
as compared to the flow through the eastern Big Cyi)ress. |

To determine the significance of these changes of surface
flow patterns, a comparison wa;s made between recent contrelled
flow to the Shark River Slough and uncontrolled flows in the Big
Cypress Swamp. This can be done because of the comparability
of annual flow through the eastern Big Cypress Swamp with flow
into the southern Everglades E(correla.tion) = 0,93, p (probability)

<0, Og. For the interval 1940 to 1961 (un;:ontrolled), the ratio

of Everglades to Big Cypress flow was 0.58 (Standard Devia&:ion =
0.17) for the central slough and 1.07 (SD = 0. 88) for the eastern
slough. |

The surface-water ﬂéw into the central slough. expressed in
terms of this ratio is shown in figure 4. Although flow was reduced
in 1962-65, these were dry. years, and the index of surface flow into

the Everglades relative to the Big Cypress Swamp was similar to

- 22
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values before 1962, After 1965., however, surface flow into the
central slough for the five years, 1966, 1968, 1969, 1970 and 1972,
was greater than what the flow would have been (t-tests, p < 0.05).
Water that under natural conditions would have flowed into the entire
slough was directed into the center of the slough, while discharge into
the eastern slough consisted only of seepage. The increased flow
diverted into the center of the slough can maintain high levels there

for prolonged periods.
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Wood Stork Population

The southern Everglades wood stork population, referred to
by Kahl (1964) as the "Everglades-mangrove population, ' consists
of those birds nesting in colonies at the margin of the southern Ever-
glades. Information on this population before Everglades National
Park was formed in 1947 is scattered and incomplete, but Holt (1933)
reported 50, 000 storks in a single colony in 1933. By 1960, the
population stood at 6, 200 and a further decline occurred during the
1960's. By 1972 the southern Everglades population had &eclined to
1, 800.

Under natural conditions, storks nested successfully in most
years. Storks were successful in 6 of 9 years from 1953 to 1961
but in only 2 of 12 years from 1962 to 1973 (Table 1). During 1965-72,
the period of fish monitoring, nesting was successful only in 1967.

Wood storks disperse northward in summer and return to
south Florida in fall, generally November (Palmer, 1962, Kahl, 1964).
On returning, they feed in a predictable sequence of locations first
utilizing drying ponds and marshes within the coastal mangrove zone,
remaining there through December. Feeding storks then move to the
drying lower part of Shark River Slough in and near the mangroves.

Later, in early spring, they feed along the drying lateral edges of the

26



Table 1.--Water conditions and nesting success of wood storks in the
southern Everglades 1953-73.

Ceneral Water Conditions

Year of Nesting Water .

Nesting Success— Level Discharge
1953 + High High
1954 + High High
1955 + High High
1956 - Low Low
1957 - Low Low ...
1958 - High High =
1959 + High High
1960 + High High
1961 + High High
1962 - Low Low
1963 + Low Low
1964 - Low Low
1965 - Low Low
1966 - Low Low
1967 + L.ow High
1968 - Low Low
1969 - High High
1870 ' - High High
1971 - Low High
1972 - Low High
1973 ‘ - Hizh High

"1/ + = successful nesting season, - = unsuccessful nesting season

27



slough, a residual pool north in the middle of the slough and, in
recent years, along the south side of Water Conservation Area 3A.
Nesting in the southern Ever glades takes place in the winter
and spring. Before 1962, colonies formed primarily in November
and December, but after 1963, the time of colony formation became
increasingly irregular ranging from December to as late as March
(fig. 5). Through 1973, no year in which colonies formed as late as
January has been successful, During years when colonies formed in

December, successful nesting occurred about half the time (fig. 5).
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Wood Storks and Water Conditions

Since the nesting success of wood storks is apparently predi-
cated on colonies forming from November through January (Fig. 5), it
is important to determine whether hydrologic conditions affect the
timing of colony formation. Wood storks begin nesting in the Big
Cypress Swamp when the water level falls to a specific point (Kahl,
1964). Wood storks ncsting in the Everglades show no such correlation.
As demoﬁstrated in figure 6, water level at the reference sta.fion in
the central slough varied 0.7 m (2.29 m to 1._59 m) during the times
of colony formation. It is reasonable to suspect that the timing of
colony formation may be related to the rate of water-level decline
during the dry season. There is no such correlation before 1962
since colonies formed in Novemberl or December irrespective of
drying rate. "Aftex_' 1962, the early drying ;‘a.te was significantly
higher in years when colonies formed in December than in years when
colonies formed later {r -0.87, p <0.01) (Fig. 7). If this correlation
between the rate of drying and time of colony formation is mea.ningful,'
it may be related to. changes uin the surface flow sy;:-;tem after 1962.

Desertion of colonies by nesting wood storks is aﬁparently
also. related to water conditions. This is important because only one
of 7 attempts at renesting after desertion succeeded. Desertion was,

"in all cases for which information is adequate, correlated with rises
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in water level of 3 cm or more (ta.ble 2). However, desertion in
response to such water level rises occurred only within the first

2 months of nesting. After 2 months, nesting storks apparently
continue to nest for as long as they can locate food sources. The
desertion of necting colonies due to relatively small rises in water
level suggests why colonies that formed after December have failed.
Wood storks require approximately 4 months to fledge young and
colonies formed late have insufficient time for development prior to
the onset of the rainy season which raises water levels and causes
desertion. It seems possible that colonies formr.cd as late as late
January could succeed prior to the rainy season, but until 1973
none has.

In that colony desertion and, after 1962, colony formation
are correlated with hydrologic conditions, it seems probable that
wood stork nesting success may also be related to water conditions
in the southern Everglades. In an attempt to discern such a relation,
3 parameters were used to describe the temporal variation in water
level: discharge into Shark River Slough, altitude of winter water
levels which relates to water depth, and the rate of winter-spring
drying. Table 1 shows the correlation of the first two parameters
with wood stork nesting. Before 1962, this relation was straightforward:

stork nesting failed in low water years but generally was successful in
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Table 2.--Effect of short-term rises in water level on wood

stork nesting 1953-73,

Magnitude Reaction Number of short-term water-level rises
of the of occurring in the:
gshort-term nesting
rise storks First Second Third Fourth
month month month month
of of of of
nesting nesting nesting nesting
desertion 0 0 0 0
Less than
3 cm
no desertion 4 1 1 1
desertion 1 13 0 0
Greater than
or equal to
3cm
no desertion 0 0 0 v}
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years of high winter water levels and high discharge. The latter
relation was first noted by Robertson (1964). After 1962, however,
this relation broke down: storks failed in the three years having
both high water level and high discharge and they succeséfully nested
in two years of low water conditions. This strongly suggests that
the hjrdrobiolog;lcal system supporting Everglades wood storks under-
went changes that apparently éoincided with the alteration of the
patterns of flow to the slough after the levee was built.

Analysis of the parameter, rate of winter-spring drying,
describing water -level fluctuations is more complex. An analysis
is shown 1n figure 8 where the late drying rate is plotted against the
early drying rate for each year of record. Plots of successful and
unsuccessful years before 1962 form 2 distinct clusters, shown as
shaded polygons, which differ in mean late dfying rate (t-test, p<0,05).
(Thg single exce.ption to the pattern, 1959, which is not included in
the successful polygon because ité position is the resuit of a lowered
late drying rate due to a rise in water level after young storks had
already ﬂédged).

Comparison of later years to base line data from before 1962
shows that the drying rates of most unsuccessful years continued to

fall within or close to the cluster for unsuccessful years before 1962,
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Figure 8.--The relation between early and late drying rates in the southern Everglades,
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However, 4 years are anomalous. The unsuccessful year of 1969
was considerably deviant [rom other years., Drying rates for 1962
and 1971 were similar to pre-1962 successful years, but in both these
years wood storks failed. Drying rates in 1967 were different from
all other successful yéars (t-test, p <0. 05) but produced successful
nesting. bnly in 1963 were drying rates similar to those of pre-1962
sucéeséful years. Howevef, before 1962 such rétes were produced |
in high water years whereas 1963 was a low water year. |

These results show that successful and unsuccessful years
before 1962 can be characterized by how fast water levels dropped
in the nesting season in addition to being characterized by water level
and discharge éara.meters. However, the r esults since 1963 do not

conform to these indices.
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Fish Population

The density of fish in Shark River Slough is related to water
depth (fig. 9). As water levels fell, density of fish at the trap sites
increased to a peak in January and then declined as water level de-
clined further. The occurrence of peak fish densities during moder-
ately 10\§ water levels is apparently caused by the movement of s.mall
fish to deeper areas well in advance of the drﬁng edge of the marsh.
Such peak densities occurred when water depth in the marshes reached
about 0.3 m (table 3). This wave of densely concentrated fish
apparently moves across the southern part of the Everglades until
fish finally become concentrated in localized depressions. Such
movement of fish during periods of drying was shown previously by
Kushlan (1972) for a pond in the Big Cypress Swamp, but those move-
rqents were more limited,

To analyze how water level correlates w1th changes in fish
density, it is necessary to first examine the water level fluctuations
at station P-33 (fig. 10). Droughts occurred in 1965 {prior to the
study), 1967, 1971, and 1972, From the summer of 1968 through
1970 water levels were continuously high due to high-surface water
discharge discussed earlier (fig. 3). Both the prolonged wef pgriod

and the drought affected fish populations during the study (fig. 10).
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Table 3.--Water depth at peak fish density in southern
Everglades marshes,

Date Depth at
Trap site
(m}
11 Jan 1967 : 0.24
7 Dec 1967 0.28
6 Feb 1969 0.31
24 Feb 1971 ' 0.27
22 Feb 1972 0.28
Mean _ 0.28
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Since fish density varied with both water level and time of
yvear, density at different times can be compared directly only if
the data are for the same time of year, at approximately the same
water level, and at a ﬁme when water levels are changing at similar
rates in the same direction. These criteria were met in August of
several years (fig. 10). Fish densities were relatively high during
the summer of 1966 and 1968 {both after droughts), but during the
continuously wet period from 1968 through 1970, summer fish density
declined by 47 percent from the first (1968) to the third (1970)
summer (Table 4), Additional evidence of a decline in the fish popu-
lation during extended high water is shown in the dry period of 1971,
Samples taken near what should have been peak fish density showed
a moderate rather than a high density (fig. 10). This is in contrast
to the high dénsities in 1972 which, following the 1971 &rought,
reftected the return of typical conditions. These ‘da.ta indicate that
the abundance of fish declines during confinuous high-water periods

"and increases after dr.oughts.
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Table 4. -~Density of fish in southern Everglades during summers of similar water depth.

: Water Depth Densit
Summer at traps (m) (fish/m*)
Aug 1966 0.68 8.9
Aug 1968 0.78 7.6
Aug 1969 0.73 5.9

Aug 1970 0,63 4.0



Wood Storks and Fish Availability

Of the several feeding areas used by wood storks, informa-
tion on the fish populations is available only for the Shark River
Slough, However, this is perhaps the most critical area because
storks feed there when securing food for young in the nest, the
period of highest energy demand. Wood storks feed during periods
c;f falling water levels when fish densities are increasing {fig. 10),
and usually at a water depth of about 0.3 m, where fish are con-
centrated (Table 4). Storks probably feed on the dense wave of
fish while the slough dries and continue to do so as remnant fish
stocks bec.ome concentrated within topographic depressions. The
result of this pattern of fish concentration is that highly concen-
trated food supplies are generally available to storks feeding in
the slough throughout the mid-nesting period,

The prolonged wet period from 1968 to 1970 resulted in
a 47 percent decrease in the sfa.nding crop of fish in central
Shark River Slough (Table 4). Because the analysis of drying
rates (fig. 8) suggested that 1971 probably should have pro-.
duced successful wood stork nesting, the failure may have been

caused in part by lack of food. If so, it was probably due to the
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combined effects of high water from 1968 to 1971 and the reduced
inflow of fish into Shark River Slough from the northern Ever-

glades and previous tributary areas to the east.
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DISCUSSICN

Requirements for Successful Nesting

Wood stork colonies in Everglades National Park are fully
protected and thus nesting failure is not caused by disturbance.
Nor does the speéi_es' movements or residence during the non-
breeding season appear to be a source of high mortality because
the population returns to south Florida each year in numbers
which correspopd to the previous seasons' reproductive output.

It is possible, however, that the nutritional condition of returning
storks may be poorer than in previous years. Furthermore,
unlike storks nesting inthe Big Cypress Swamp (Kahl, 1964),
there is no evidence that Everglades colonies have failed due

to high winds or cold weather (W. B. Robertson, Jr., National
Park Service, oral commun., 1972), -Nesting success or failure,
in most cases, is probably related to the abundancé and avail-
ability of food in the supporting system.

The well documented dependence of southern Florida wood
storks on concentrated food supplies {(Kahl, 1964) mea#s that

feeding success requires a water depth shallow enough for
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wading and a relatively high density of fish, Fe.eding sites are
located where these two conditions are met, Thus storks move
to a succession of feeding areas during the winter and spring as
suitable feeding conditions become available, Storks first use
coastal feeding sites in early winter when water in the Everglades
i.s too deep for feeding, Later movements to inland sites and
within th;e Everglades follow the patternrof drvying,

The pattern of food utilization and availability in the Everglades
 suggests why drying rates might be important in relation to nesting
success, Fish must be available in high densities in Shark River
Slough'over several months, This necessitates continual concen.'-
tration along drying edges and, ulﬁmately, concentration in residual
pools, Such a process may require a drying rate sufficient to -
maintain a wave of cdncentrated fish over a relatively long period
- of time, ~ﬁi’gh water-level conditions, whether caused by short
term rainfall {Table 2), beginning of the rainy season, or increased
overland flow due to surface-water discharge, reduces fish density
by dispersing concentrated fish and, as a consequence, decreases
_ feeding.e.fficienc'y of s-torks.

During the 1950's, wood stork nesting was generally successful
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in high water years and unsuccessful in low water years, Successful
years were also characterized by high discharge and high late
drying rate, Changes in the manner and extent of surface water
flow into the .southern Everglades affer i§61 ({fig. 3, 4), discussed
in the next section, ﬁave' adversely affected wood stork nestiﬁg
success. In the 12-year period after 1961, wood storks bred
successfully only twice and in only one of thes’é years were drying
rates similar to successful years before 1962, Also, in two un=
successful years, drying rates were 'si‘milar to those of earlier
successful yeérs. -'I_‘h\-z's after 1962, the rAelationship between stork
reproduction and drying rates diffe.re'd from the relationship that
held before 1962, This can also be seen in the rélationship be-
tween drying rates and time of colony formation (fig. 7). After
i962, higher early drying rates correlated with early nesting,
Before 1962 this relationship did not hold, |
Thus whereas water copdifions which produced successful
‘wood stork nesting before i962 were re!ativély strai-ghtforiv,ird,
 conditions prod’u;::ing successful hesfing thel;.eaflter aré not, In
fact the_p'a.i:tern" m;y be completely reversed in that after 1962
nesting succeed§d only in a low water year,

Figure 5 suggests that nesting failure after 1962 was in part
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associated with late colony formation that did not allow sufficient
time to complete nesting before the rainy season. A major re-
quirement for successful wood stork nesting is, theref.oré, early
colony formation, Historically no nesting that began after December
succeeded although colonies forming as late as the end of January
could theoretically succeed, Factors affecting early nesting are
not known, but the correlation between high early drying rates in
Shark River Slough and early nesting (fig.. 7} is compelling, This
relation is meaningful onlg.r insofar as the data from the slough re-
flect conditions throughrout southern Florida, since storks are not
utilizing the slough through most of the period measured by early
drying rates, However it is not an unrea sonable as sumption that
water conditions in southern Florida can be épproximéted by
conditions in the southern Everglades.

Delay in colony forrﬁation is probably due to failure to attain
a suitable nutritional state ifrfood is the p;oximate stirﬁulus in
initiating nesting as Kahl {1964) suggests, If colc;nies are to form
as _e'arlyIas Dec_eﬁuber, storks .must begin nesting soon after they
arrive. in 'séuthe-rn Florida, Either a suboptimal nutriti.bnal state

on arrival, failure to obtain enough food in November-January, or

49



both, are the proximate causes of delayed nesting, More infor-
‘mation on the food eéology of wood storks on their summering
grounds and immediately after arrival in southern Florida is

clearly needed, .
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Relation of Wood Storks to Water Supplies

During 1952-65, flows to the Park were primarily affected by
below normai rainfall and resultant low storage in Conservation
Area. 3. Flows during the early 1960's were reminiscent.of those
during early and middle 1940's, In fact, wood storks bred success-
fully in one of these dry years (1963}, Discharge to the Shark River
Slough increased after 1965, However the distribution of flow -
differed from previous years because surface water was diverted
into the central part of the Shark River Slough (fig, 3) rather than
through the total flow section, In 1966, 1968, 1969, 1970, and
1973 this ﬂowr exceeded what would have occurred under natural |
conditions (fig. 4), and in eaph of these yearé wood stork nesting
- failed, Wood stork nesting succeeded in 1967 and had low pro-
duction in 1971 and 1972, The annual surface flow in each of these
t'hr_eé. years was similar to what would have been expected-under
noncontrolled conditions (fig, 4).

The éorrelatio-n of high drying rates to wood stork nesting
success sug-g;asts fhe importance of the t;iming of discha.;r'ge as well
as amognt. Decreased drying rates can be causeld'by the continuation ‘
. of excess flow into the dry season when water levels @ou.ld otherwise

be dropping.
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That the rate of water-level recession and not absolute water
level is important in the Everglades is somewhat unexpected in light
of the findings of Kah!l (1964) and Kushlan (1972) that, in the Big
Cypress Swamp, wood stork nesting and feeding of wading birds
on concentrated fish stocks both occur at specific water levels, The
difference between the E'vefglades and Big Cypress Swar.np is probably
due to the natufe 6f fish éoncentration in the two areas, In the Big -
Cypress S‘.Wamp, fish become concentrated iﬁ hi.ghlyllocalize;i and
relaﬁwelysnnalldééréséions where feeding depends on water be-
comiﬁg sha;llo“:r enough for v;rading. In the E%rerg.lade 8, fish are
apparently concentra;ted all-ong a drying edg’e: ip b“road gently sloping
marshes .rhaking a continual supply of food évailablé along a gradient
over a range of fallin;g water levels,

An additional a'i;pect of water supply is its effect on the iﬁ-
portant inte rfﬁediate links in the Everglades food chain. The ex~
tended'high-wa.tér period from 1968 throug:h 1970 {fig, 10) which

led to a 47-percent decline in fish abundance from the ﬁrst to the
third summer (table 4), may have contnbuted to the nestmg fa:tlure

of 1971,
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Wood Stork as an Indicator of Ecological Stability

Since the early 1960's, the population of wood étorks breeding

" in the southern Everglades has experienced lowered nesting success .
and, as a result, a marke& decrease in numbers, | It is necessary

to undérs.tand-the factors involved in successful repr_oducti‘cm of wood
stoi-ks not only because the species is endangered in southern Florida
bﬁt because its dependence on concentrated fish and falling water
levels makes it an indicator of the ecological stability and natural
functioning of the southern Everglades, The stork’s dependence on
specific water level and food relations is greater only by degree

than that of several other once~abundant species of ciconiiforms,
such as the snowy egret, cornmon egret, and white ibis, which comprise
an important segment of the dominant carnivore trophic le-vel in

the Everglades and are essential to the proper functioning of the

' unique wetland ecosystems of southern Florida,

Anai’yais of the factors leading to failure of wood stork nesting
iﬁ the southern Everglades is compﬁcated.because the population
~decline coincided with a sequence of uncontrolled drainage, water
c§htrol, urbaﬁ exi:;ansion intb peripheral wetlands and, finally, water

management, all of which probably impelled the population decline
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of all wading birds in southern Florida after the 1930's when nesting
colonies exceeded 1 million birds. It is this loss of habitat that
also makes management of present wetlands for remnant popu-
lations of these dominant carnivores exceedingly difficult. Loss of
peripheral, higher marshes, particularly along the developed
' Florida east coast (fig. 1) d.ecreased feeding areas that were utilizable
when water levels in th-e Everglades are too high for effective feeding
and also decreased the tributary area éf regions such as Shark River
Slough, thus decreasing the food available during the dry season.

Loss of habitat from lowered water levels and urban en-
croachment has irrevocably altered the natural system to which
the wood stork was adapted. Management, especially wate.r manage -
ment, in an attempt to replicate habitat conditions for the most
sensitive of the wading birds would be ecologically sensible. More
detailed study would Be needed to determine whether sui:plying specific

water conditions might be sufficient to bring about successful nesting.
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