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' temporal variation in water and fis~~~ilabilitY 
l~\ ~~n of_ --- - -<·-- d Florida i in the southern Ev ___ e_ ~-~la ___ e_ s _____ , _____ _ 

to wood stork_reproduct ~n <E: - -- -- --- ~s~rr 

Jilm~:;·O. Kvsh14,.,J Jl)hP (. 

O<Jc/e,_ I /J<V!CJ'/1/,. f.lt~ 

d
. bi d species most sensitive to'"~'" 

The wood stork is the wa 1ng r 
j Previous studies have 

and Success Of W
ood stork nesting depends 

shown that the initiation /N po"'"s H"'" q1J..-. ('ll1chll""1•~~~,,.;,, during 

the availability of food in the Everglades. 

on high densities of fish concentrated)__
1 

the dry season. The extreme dependence of the wood storK on the 

cyclic hydrologic regime of the southern Florida wetland~ makes it 

an indicator of the well-being and ecological stability of the 

. Everglades. 
The wood stork has declined in numbers over the last 25 years. 

An accelerated rate of decline from 1962 to 1972 coincided with the 

implementation of management of surface water flow in the Everglades. 

The reason for the storks decline'involves loss of peripheral wetland 

feeding habitat, loss of food production in artificially dry marshland, 

Ch.9.,!'1<'S. I" fu hy~r~·}q'jtC u:cilm"" &/ fl.J fvu"fii!J~J _ 

and~ 

The fish on which the wood stork feedsX increase in density as 

water levels fall during the dry season. Highest densities in the 

Everglades marsh occurred in front of the drying edge of surface water 

-t as a depth of about 0.3m. Dry season densities were greatest when the 

previous year experienced a drought. Prolonged high water levels 

l"''t extended over several years resulted in decreased fish abundance. 

I 
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(,((!."' . 
"'''0 wood stork nesting success was 

n•1~ ro:lM .J. ,ovr.fut ~;~/lA dl~thA1~ ""'4 

associated with high summer water 
C hslltc! r; { IN S!" 1t. s ;cle 4 1'l.t /rl~ (P~Sfr.tl1••" 

'Before the)-
levelsJ A high rates of drying. 

f f 1 d Unsuccess
.fu:.l. nestl.ng were characterized ' 

~~~ in 1962, years o success u an cl,...,q.-4 f 1962 

by different patterns of drying. These patterns B<o~deWa ~ te< 
. 1k pud "fAI,I.iy {- . '"''' '•" lb,,.of<' . 
and generally ~t successful nestin~ OnlY two success-

. nor'"" • ~.>e.¢ T~ fulAyears occurred after 1962 and in only one of these were drying 
nrs t ,~, ' bt {1ft 

rate¢ similar to successfulAyears p<••• •• 1962. Two other potentially 

successful years after 1962 failed. This suggests that changes in the 

hydrobiological relations occurred within the Everglades after 1962. 

~~·=-~96~JfaCk.Of s;;ccessful neatin!l; can be attributed in large 

part to late colon~ ~ormation and the int.erruption of nesting by 

winter rainfall. In this period colonies formed earlier in years of 

,\\f'" . . high., drying rates. Dday of colony formation is ultimately the result 

of inability 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 elucidated. 

The recent decline and reduced nesting success of the 

most 
sensitive of the dominant wading bird predators suggest 

that 
h'f~r.li'O'(. recentAchanges within and near the Everglades have 

altered the historical ecological conditions. Management of the 

remnant Everglades is constrained by these recent changes and 

the future viability of the Everglades population of wood storks 

• I 
~·· 
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tNTRODUC'IlON 

The Florida EVerg~ades is a vast, shallow. marshland which 

in its natural state encompassed nearlY 10,000 km
2 

stretching 

shore of Lake Okeechobee to the mangrove swamps 
from the south 

of southwest 
Florida~60 km to the south. A sheet of surface 

water generally less than 1 m deep flowed ~outhward over a 

gradient averaging about 5 em/'= at a maxim""' rate of about 475 ---- ,. 
m/day (1550 ft/day) (Leach, Klein and Hampton 197il· Near the - - c<Jf,J 1k S'"' R '"' .,,.,.! J 

latitude of Miami, the principal EVergLades drainag~[is constricted /\ 

by ~ slightly higher marshland to the east and_ west and funnels into 

a series of-dendritic streams which enter coastal mangrove swamps. 

These streams coalesce into the mangrove-lined rivers such as the 

Shark and Broad Rivers. 

1<-- - (M'I ~t ~ n.. Everglades i3 now divided into three distinct regions (Fig. 1); 

directly south of Lake Okeechobee, three • 
· agricultural lands 
Jater Conservation ~reas established as water-management impoundmentsj 

and EVerglades National Park including within its boundaries the 

southernmost part of th~ Everglades. 
rtpe~h (),. Sh'-''t"' :1 The present ,.11ptr. - made in 1965-72. by the u. S. Geological 

Survey ~ 

the u: S. National Park Service. Its 

pvrpvlt' , s to - rciJt 
\ variatio:n in wat~r supply r, 

the production of aquatic animals and the reproductive success of 

the wading bird~, ~hat breed in Evergl$des National Park. 



.. 

Water supply is critical to the colonial nesting wading birds 

(order Ciconiiformes: herons, ibises, storks) that breed during 
,_ ""''''' Ar<M "" ''-"'""" 1, 1 N '' /, I p,oll '"' $ ,;\ Omm• '"'""''~'"' 

the dry season whenh 
>t falling water levels. The wood stork (Mycteri~ americana) is the 

species moSt sensitive to variations in food availabilitY because, 

unlike visually hunting species of herons, the stork feeds exclusively 

by non-visual, tactile methods and its feeding efficiency is '(lift~) 

directly related to fish density (Kahl, 1964). Kahlhalso found that 

in southern Florida this sp·ecies requires the high densities of 

aquatic organisms concentrated by falling water level to 

when wood storks 

so did other species of wading 

birdsJalthOugh wood storks failed in some years when other wading 
tAl 14-. 

birds were successful. Since wading birds ~cmetien. ee dominant 

predators in the ecosystem and are adapted to the naturally 

fluctuating 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. .....,_ { t/,; 

(t'11.So<' ..;JI.,..:J.-Ji,.e ht~I.,:JY -{ 71" J.J.,_,j :>J.,rk JJ;z..; );t£n _~.:n'tJh!JSt'i(J ''"' 

.. 



sTUDY AREA 
~o_ll1h rerrrllf'JIJ) of the Everglades 

The study area was the 

drainage system south of U. s. RigbwaY- 41 (Fig. 2). The studY"'' 

,,. 
concentrated 

the Shark River Slough 

--------- --~--~------
east of Everglades 

Is National Park and,cut off from the rest of the southern Everglades 
/ 

by levee L-67 extension( f·~·2)• 

(F,~.;) 
Vegetation of the EvergladesA1s dominated by four plant associations 

described in detail by Davis (1943), Loveless (1959) and Craighead 

(1971) I 
(Plant nomenclature is that of 

Long and Lakela, 1971). Sawgrass marsh, composed of almost pure stands 

of Cladium jamaicensis, is the predominant community 

mixed marshes or prairies consist of E~re or mixed stands of 
'~P "" 

%' At ~_!_g'Qtly lower 'elevation than sawgrass marshes, 



herbacous plants,~ Eleochari~ cellulosa, 
and Rynchospora tracyi 

_dominating. ~- -
\._ 1m t$1 ""'k ttt i -raised slightlY above the . 

~ 1~~ 
d h A~ .. vegetated by hardwood communities·, 

surroun ing mars es ··~ 

inundated during high water, swamp hardwpods · 

~~ \ including preJorr~•Jt<t. 
Myrica cerifera and ~ cassin,. Islands above high water level 

are covered by hardwood communities called hanunocks "k•<' '"""'' 

Salix caroliniana, Chrysobalanus icaco, Persea borbonia, 

Celtis laevigata, Ficus aurea, Eugenia axillaris, Bursera simaruba, 
PCvlq n, 

and Lysiloma latisilique. In the lower~slough, dendritic streams 

forest 
A.AP? 

erecta, Annona glabra, 

are lined by river-bank 

Rhizophora mangle, Conocarpus 
\ 

Salix caroliniana and Chrysobalanus icaco • 

/' fAr 1~tr }II f:'-nC 
____.. 

1

\ .Sawgrass replaces riverbank forest. 

Shark River Slough is the southern part of the 
(F~.~ ~--) 

Kissimee-Okeechobee-Everglades drainage systell}j• 1/,o~qi? 1u ~am fl.t 

c/tiiW.:t~ Mf~ hM h.aq, iT>I>dt l1r) by Cllf'JRf (JrtU,;'>r~P I w?<:t.., rt:',-·"Ttt:>f Ct~1,l. 

·0-' \ ""a"~~r p~Ao 1 ""' "'"- a-/ ~k,..J '1"""",. 
0

" 1 J2, '"f"t'"t 

J'nll<·•"-1Lwlt-1>f ~--'"''""' "'""" tL-< re-mplt'tt""' 0 ,t '' ,,c,,· ,;J.,.:,•c) 1iot "''"1~ S!,!t cj {o"St'nvltt-1~"' tt-U.C- 3 

wi,.(£1 ci,e<-ngul tit. pc<-Unm cj .$ovtl.v":d [J.,w T• !AI ~h;u-i:. R••u sl.>--"th-
----------- - The h~story and som~ of the consequences of _r;,_""' dNtf-'f"''""ts '"' 

2. 

~yste-... have been reviewed by Leach et al. (1971.). 

' ; ', 
:· t 
..;_., 



METHODS 

WateT level was TecoTded continuously at u. s. Geological Survey 

STilt.''" i Pl. · (Fig. 2) •. A P-33 is loca~ed in sawgrass marsh n 
gaging station P-33 ,1 ~ 

" 111 "c:l <."lt•~"t·o" 6 m (. 5.2 ft) above 
centoral Shark River Slough at g;:eaRa l62JeJ. of 1. 

1~ Data from n-33·, available from 1953 through 
m.sl (mean sea leve '-1 • .c-

1972 . were used to characterize the hydrology of .T'!v .A()c.l~ (.J;-v(lt<J.... 

' . 

and serve as a general indicator of water conditions in southern 

Florida.~ 

High water 
. <'J( c.u.lc.l 

years ~ those in which water level at P-33 ~ 
.h . 

• 2.0 m (6. 7 ft.) above ~ during !'fl;,~,.ry. ' 

-- ----·-·-··--- The rate of water-level decline was quantified by ~ . . ,wn~.~J..~:!.!'t.:~"J,fl!A'J• 

calculating an early and late drying rate for n_:r•"? ve ~~~' The early ' 

drying rate is the net rate of change from the highest water level 

in November of the.previous 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 highest level in March. Note 

that these rates were applied to the calendar year in which the dry.pmoJ ~sr~tiiii'Jf iv• 

r season. occu~ed even though calculations were based in part on water 

level in the previous calendar ye~r. 

Surface-water flow was measured at culverts and water control 

structures along U.S. Highway 41. In this paper water flow through 

these structures was divided into three,discharge segments as shown .,., . 



. in Fig. 2. r. determining the 

a water flow index was established, which is 

. relation 

into Shark River Slough divided by discharge . . ,.,~,t:Jt ,·f "'"T e11,.J]NI/,,I• 

part of the Big Cypress Swa~ 

between these flows, . 
cAituc\tl' yu.' 

the ratio of~discharge 

through the eastern 
ye11rs rr( ''"' d•scho~n~ ~ 

Density of aquatic organismsAwas determined bY samples obtained 

with Biser pull-up traps. ·The traps consisted of a sheet of 3-mm 

mesh nylon netting on a 1. 5 x 3 • 0 m frame which rests on the bot tom -1 Jl. "'M' \ 

('J&.OJOP'# l)cre-Jt) J~ri"\ T~C 1<JNI• 'r/ltiY rlii'NIIAI CVW 
'" ""mbr,.. pa vvd4ff~ 

15 m away. This 
and is pulled up by two operators standing 

device has been des.cribed and discussed by Higer and Kolipinski (196 7) 

and Kushla~ (1974). Specimens were fixed in 10 percent formalin 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 each sample period. 

In 1965 ten traps were installed in the central part of Shark 

River Slough, 5 in sawgrass marsh and 5 in Eleocharis-Rynchospora 

marsh (Fig. 2) .) 

~~samples ~ere generally collected during a·one-week period each 

month; each trap was sampled on two consecutive nights whenever 

communities was within the range of variation within each community, 

possible. 
Because variation between samples.from'the two 

data from all trap sites 

wP.re averaged to find the mean density of all fish/.for the period. 



J!opulation1: 
movements, and feeding areas of wood storks 

from 1965 to 1972 were determined by regular, generally monthly, 

aerial survey;. The total population within the southern EVerglades 

was censused dudng the winter-spring breeding Season· Nesting 

numbers and success were determined by aerial obseryation and 

photography. Information on colony formation and nesting success 

from 1953 to 1965 was obtained from J 
L w. B. Robertson, Jr. (f'/AfiPNII/ 

f\ . 
fl,k S<-<">< J ,, ... roo~·) • , breeding season was considered successful 

if the number of young produced was great enough to Sll-lTI'It"' a 

· ··-- · stable total· population through the n·ext breeding 

~.p. season. A Allen's estimates of annual mortality (in Palmer, 1962) 

were used in calculating population trends. 

i 
~· 



RESULTS 

results in seasonal changes 

Wilt;, 

i i inf 11 evapotranspl.
·ratl.·on and overland 11 flow from 

Variat.on n ra a , 

Hydrology_ 

the water conservation areas 
in the quantity of water in the southern Everglades: The general 

yearly pattern of water-level fluctuation is as follows: water levels ''u~
1

·";" 
r •• ,...~ '" October' )let< 'ft" '"' ,, "'"'"'I ',,..,ly '"' ""U'''"Y • t .(,a) •• t 

ltecdl'r Are '" 1k sprr;,"T · l.t'~tl > llt•r . . .. . · .. 
continue to decline unt:il tnej\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 ceases1 
t~cffsU'"' l>t marsh bottom becomes~exposed along the higher land to the east 

and west, and drying progresses inward from the lateral edgJ ~~ • 

lwi}tlvti• .. ,.Jiy .frcm ko11 1tt norTh Q.+,(.( tif. S~Jvflt •) 

,/// 
__ / .. 

----· 
----

--.:.~ 

( Conservation Area 3 ~rJ 5 T fiJI'I $ 

\. Dry discharge season from \-later . . ...._ 



longer 

1/lfll,.;c:II;T/C·~ ~·,jl.. ~>JIST c1 [.-(,7 

than would otherwise occur. 

~\ f1 f '(..-,. CIJr,,p/etJU' ~ ~ /('IIU Or- fN SPvA .Sich i ca~St'ro,.Jt,;-' 4-'u-a $ /U Jt'fl,2 

water-level fluctuations in Shark River Slough were 

variation in rainfall and variation in controlled surface-
- -- ---·- -------~--

f~rovql, 1:,.1~~!.4 
water discharge~into the slough. 

was eliminated 

Thereafter, surface flow into the upper slough I 
1 

bvr low - discharges continued ~~ utvdt-I'Ht'f"'1" 

. (F•~/) 
the levee!¥~- Flow was also reduced in the central slough 

I "' ~~~~} 
'" lr,..; ,.,.,,.,(,II trM~~ 1962 to 1965 but" increased 

in later years. 

To determine the significance of these 
changes in surface 

This can be done because 

of the high correlation of annual flow through the eastern Big Cypress _, 



Swamp with flow in to the southern Everglades ( r•O. 9 3 , p (0. 01) .f., rt. '"I'"" 
(utJC•" 1rJIIt~) J 

1940 to 1961;\ the ratio of Everglades to Big Cypress flow was 

0.58 (SD=0.17) 
for the ~entral slough and 1.07 (SD=0.88) 

for the eMT(tr/ slough. 
~he surface-~ater flow into the dentral slough expressed 

I~ 5ho>IIN IN f1g • S 
in terms of this rati~. Although flow was reduced in 1962-65, these_were 

dry years, and the index of surface flow into the Everglades relative 
·.ralues 

to the Big Cypress Swamp was 

before 1962. With the resumption of discharge in 1966, however, surface 

·flow into the central slough · 
greater than J,Jhp1 11-.e 

• 111-::: II! · I~ ·1 -4 1966, 68, 69, 7q t·test, p(O.OS). ~~-"~ • 
• ., ~ '~e-

: surface flow~ in ( Y 0-ars after 1962 were . 
\._..,.. / 

due primarily to water control. Water that under natural conditionswo~VhA~ 

WMIJ hiWt ~,~ .. 

natural flowl~f~~~t years, 

The increased · 

flowed into the entire slough was directed 
into the central 

slough while discharge into the upper slough consisted only of seepage. 
cll•lf1(J 1~0( .ID( 

The increased flowjinto the central slough can maintain high levels;. ,.., 



Wood Stork Population 

The southern Everglades wood stork populacion, referred to 

by Kahl (1964) as the "Everglades-mangrove population", consists .. 
of those birds breeding in colonies .at the margin of the southern 

Everglades. Information on this populatiqn before 1Werglades 

National Park was formed in 1947 is scattered and incomplete; 
so,ooo 

~ut Holt (1933) reported 

occurred c.lvr""'1 r~. ~~~o!. By 1965 the 
~ vr1'N." decline 

southern Everglades _: 
population had .declined to S,~00 1 and by 

1972 to 1,800. 
Storks did not breed successfully in all years even prior to 

clr't 
_extensive habitat c~anges, being unsuccessful inAyears · 

...__.....-----·- Storks bred successfully in ' c:} Of 
: years from 1953 

to 1961, but did so in only 2. of 11. years from 1962 to 1173 (Table 

1). 

in.,,..,1c t f,_l 

During the period of fish · 
{1965-72), there was only 

successful year (1967),. 

·northward 
Wood storks disperse 

throughout the southeastern coastal plain in suronier. TheJ return 

to south Florida in fall, generally A/l)li&ml:.e-.': .• (Palmer, 1962, Kahl, 

1964). 
On returning)they feed in a predictable sequ;nce of 



locations. They first utilize drying ponds and marshes within the 

coastal mangrove zone, remaining there through December. Feeding 

. storks then move to the diying lower part of shark River slough. 

Later, in early spring, storks feed along the drying lateral edges 

of the central sloUgh, a residual central slough pobl north of the 

ridge, and, in recent years , -""• 11< """11, •; o!l 4 
3

1t. 

Water 

Conservation Area ~ 
Nesting in the southern Everglades takes place in the winter 

and spring. Before 1962, colonies formed. in November and December) b
11
1 

A£ter 1962, the time. of colony formation became increasingly irregular 

ranging from December to as late as 
Harch (Fig. 6). 

f&,rot~<th 117~~ no year in which colonies formed as late as January has been 

successful. Years when colonies formed in December were successful 

about half of the time (Fig. 6), 



Wood Storks and Water .Cowrl~-r,:.,., 

Since the nesting success of wood storks is apparently predicated 
fro,., · fl11",''"" ]CI.-;'.u<'tf-

on colonies forming~ November ot necember (Fig. 6), it is important 
LJ f:ij;..,, ;. ' i rA:r· ,·(.. 1i. ,,;,,;, 1-_. 

to determine the-environm~ntal.parameters affect~~colony formation. 

~;·i~g C~~-~~~~~~~aifll!~ood--stod(s-begin-nes.tin~'when the water 

leve.l,f fal}jto a specific point (Kahl, 1964). Wood storks nesting in 

the Everglades show no such correlation. As demonstrate~ in Fig. 7, 
I"' JiJ ctu I ted >lovqS, 

water level at the reference statio~ varied 0.7 m (2.29 m to 1.59 m) 
I 

during the times of colony formation._) 
/ 

t" 
\._, ,,_,.,.,,J(t T. s.•sp.v.;f 

,..•'It is pees!::h~ that the timing of colony fomation may be 

related to the rate of water-level decline· during the dry season. 
-441~ 

Althey.gh Ihere is nol\correlation he(c,.~ 1'1,~ S/h(l coiDHil's tPrmt.,l. JN #oo~.:.nl.J.. P"l Dea-1'1.!u--. 

lrrtsP~CTIVt.. ~t af'/IJW.j f'Ph, l}{tu l&f'.;2J 
early drying rate was significantly higher in years when colonies formed 

in December than. in years when colonies formed later (r=0.64, PZ0.05) 

(Fig. it). 
: 

If 7~tJ 
~----------' 
formation is meaningful, it 

.S~t~.('II<J 
theA system ~fter 1962. 

'~~-·-~ .. _....,,.....,._,"'""""'~·.....--•"""'-'·~·~·. -. • ,.v ... •~"" 

1ili>e 4. 
between the rate of drying andAcolony 

related to changes in 



Desertion of colonies by nesting wood storks is apparentlY also 

related to water conditions. This is important because of seven 

attempts at renesting after desertion, only one was successful. 

was, in all cases for which 

Desertior 
information is adequate

1
correlated with rises in water level ~·•••• • 

flr 3c~tJ r/'V ~ J-l~ .. e~t• . · """' er eqaat W $em (Table 2) • A Desertion in response to such water 

level rises occured only within the first 2 months of nesting. Rlt" ;mo•"'• 
fi<Hi"' >to«< '""'"''' O~o1-"" 1o ,.., f., .< ,,_, .., "'' ,_ i•<A f~J ""M' 
-----The desertion of nesting colonies due to relatively small rises 

1h~ 
in water level suggests why coloniesJformed after December have failed. 

Wood storks r•quire approximately y months to fledge young and 

colonies formed late have insufficient time for development prior to 
0.. 

the onset of the rainy season which r~ses water levels and inevitably 

causes desertion. It seems possible that colonies formed as late as '3 

late January could succeed prior to the rainy season, but until 197t 

none· ~M ~. : 



In that colony desertion and, after 1962, colony formation are 

correlated with hydrologic parameters, it seems probable that lfoodZtork 
I~ ti.t ~vf/.#'h '1 ""''I!AA 

water condition~. In an 
nesting success is also related to 

attempt to discern such a relation
1

we used 3 parameters to describe the 

temporal variation in water level: discharge into Shark River Slough, 

winter water levels, and the rate of winter-spring drying. Table 1 shows 

the correlation of the first two parameters with Wood Stork nesting. 

Before 1962, th:c) relation was straightforward: stork ~s114 .f'141le J '"' to~ lfJ."
1

~'' Y"'"' 
yws.S ~~~'t 'jCNW,JJ,y "'"' s"'c.ess l~JJri,.high winter water levels and high dischargey 11..t. 

relation 
lnffu-

Robertson (1964). After 1962, however, this i ~ 
~ firs~oted by 

. bll'~'"" 
storks failed in the three years • both high water 

relation broke down: 

level and high discharge ~J they successfully nested in ~wo years of 
the hydro-

low water conditions. Thfu strongly suggests 
Th~ 

biological system · 

Analysis of the third parameter describing water level fluctuations 

successful years 
~ . is more complex. 

generally had higher drying rates than did unsuccessful years (means 

different, t test, P<O.Ol, Table 3). A more detailed analysis is shown in 

41\ Fig. Je 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 ~ 2 distinct clusters, shown as shaded polygons, which 

differ inmean late drying rater (t test, P(0.05). (The single exception . 
to the pattern, 1959, is out of its proper cluster because of water level 

changes which took place after young storks had fledged.) 
. t 

""".· 



Comparison of later years to base line data from before·l962 shows 

that the drying rates of most unsuccessful years continued to fal~ with!n 

or close to the cluster for unsuccessful years before 1962. However 

four years are anomalous. The unsuccessful year of 1969, was considerably 

dev4nt from other years. Drying rates for 1962 and 1971 "'" similar to 

pre-1962 successful years, but in both these years wood storks failed . 

. 1967 were different from all other 
Drying rates in · ~ut 

successful years 1 (t test, P(0.05) A produce! successful""''"' • •N
1

Y 

1

~ 
11

" 

}i)~ dt'l•"'(fr&<t
1 

!>II»IIL-J To 14o,r- 1 pttwl'fl;l At~~cns{vl 1/(141' f.IS:,()SCI4ft~ ~ 1 '(1. .,IJVC'&MU Jo~/ 
nesting. However, as can be noted from Table 1, before 1962 ~uc~ rates 

were produced in high water years whereas 1963 w~s a low water year. 

These results show,first of all, that successful and unsuccessful 

years before 1962 cat~ bt .!haracterized by how fast water levels dropped in 
,,. 

10
,4J, r ,,..~ T" wli1rr /.-.~I an,d c/J$rhllrV 

the nesting seasonA However the non-conforming results of later years 

further sup~orts the idea that the hydrologic system has undergone profound 

changes in the interim •• 

'-

I 

\ 



Fish Population 

The density of fish in Shark River Slough is related to water depth 

(Fig. ll) • As water levels f!'ll• density of fish at the trap sites i 0 ~ 

increased to a peak in January and ~hen declined as 

The occurrence of peak tish densities 
water level Jcc::llNtef ~~~r'fl,.... 
during.moderately low water levels is apparently caused by the 

movement of small fish to deeper areas'well in advance of the drying 
t • 

edge of the marsh. such peak densities occu~ed when water depth 

in the marshes reached about 0.3 m (Table 4). 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 

b"- \'.«.Ghi:J.n (H /')) previously~for a pond in the Big Cypress Swamp ) but 

~hlse movements were more limited. 

To analyze how water level correlates to changes in fish density 

, it is necessary to first examine the water 
I 

( Fig. 1~ Droughts occurred 
level fluctuation~ oJ: sT!fTr~fJ p,J 3 

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', 
B• 11! 

surface water discharge discussed earlier (Fig. 4). 1\ :rhe prolonged ' .. 
the drough~ affected fish populations during 

. I 

the 

wet period' flmrJ.. 

of fish density i~~also shown in Fig. 11 which 
study. Fluctuation 
demonstrates how density increases -..;hen water levels drop. 



Since fish density varied with both water level and time 

of year~ density at different times can be compared directly only if 

the data are from the s.ame time of year, at approximately the same 

water level, and at a time.when water levels are changing at similar , 

rates in the'same direction. These criteria were met in August of 

several years 
. I (Fig •. 1l). Fish densitieS.. during the sUIDI"er of 1966 and 1968( both 

--==--·-_....' 
following droughts~ Yere--~~i>ti :"_01~· but during the continuously 

wet period from 1968 through 1970, summer fish density declined by 

47 percent from the first (1966) to the third (1970) summer (Table 5). 
rf.J t-t.;r ,;;"1 

Additional evidence of the decline in11 fish Pop·JIA11.n. 1,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. ll). This may be contrasted with the high densities in 

1972 which/allowing the 1971 drought leflected the return. of typical 

conditions. These data indicate that the Ab.,,.,t\~»~u of fish decline 
s 

J.roughtl\. 
dur-ing continuous high-water periods and. increase o.~ 

e 
these resu~ts do not support previous hypothesis which predicted an 

increase in the density of fish during continuously elevated water level 

(e.g., Kolipinski and Higer 1969). 



Wood Storks and Fish Availability 

Of the several feeding a~eas used by wood storks,. 
I~ llvlltliii.Jt 

information on the fish populations~only 1~ the ~hark River Slough. 
. -"·----~ 

(This is\~owev~ the most critical area because storks feed there when 
...._____ _____ . 

securing food for young in the nest, the p~riod of highest energy demand~ 

wood storks feed during periods of falling water 
"' / - I 

lev~ls when fish densities are increasing (Fig. ll). ~ torks usually 
~ 

feed at a water depth of about 0.3 m, the depth where fish are maximally 

concentrated (Table 14). Storks feed on this dense wave of fish while 

the slough dr1es and continue to do so as remnant fish stocks become 

concentrated within topographic depressions. J 
// 

.. /r 

~he result of this pattern of fish concentration is that highly 

concentrated 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 standing crop of fish in central Shark River Sloug~ 
q 

(Table 5). Since the analysis of drying rates (Fig. ~) suggested that 

1971 probably should have produce~ successful wood stork nesting, the 

failure may have been caused in part by lack of food. If so, it was 

probably due to the combined effects of high. water fro•m 1968 to 1971 

and the reduced inflow of fish into Shark River Slough from the northern 
• f 

-;-. . 
Everglades and previous tributary areas to the east. 



DISCUSSION 

Requirements for Successful Nesting 

- Wood stork colonies in Everglades_ National Park are fully protected 

and thus 
i .,,,.. 

disturbance •s~a cause of 

nesting failure. 
t . 

Nor does the species movements oi residence during the 

nonbreeding season appear to be a so..,rCJ "' ht~h mq,tRil'ry because the population 

returns to southf Florida each year in numbers which correspond 

to the previous seasons' reproductive output, 

that the nutritional condition of returning storks 

in previous years. Furthermore unlike storks nesting in the Big 

Cypress Swamp.(Kahl, 1964), there is no evidence that Everglades 

colonies have failed 
.}'\HJ 

PAr~ Snv. ct ) pers. comn:-·). 

due to high winds or cold weather (W. B. Robertson, Jr.,~ l'-'111,,..; 

We suggest that nesting success and failure in 

most cases~ related to the abundance and availability of food in the 

supporting system, a view consistent with the proven sensitivity of 

wood storks to variation in food supplies (Kahl, 1964). 

The well documented dependence of southern Florida wood storks 

on concentrated food supplies (Kahl, 1964) means that feeding success 

is determined by the interaction of two ·.fAt tor~ ; : a water depth 

shallow enough for wading and a high density of fish. Feeding sites 

are located where these two conditions are met. This explains the 

successive movement of wood storks to different feed~ng areas during 

the winter and spring. The storks use coastal feeding sites in early 

winter when water in the Everglades is 1 too deep for feeding. Later .... , .• 



movements to the Everglades and within the Everglades_also follow the 

pattern of drying. 

Storks move into the Everglades during and immediately after 

colony formation and continue to feed there as the area·progressively 

dries. In the Everglades marshes, 

tt$1-) 
maximum~density is reached near 

the depth at which storks feed. Storks feed on · 

these dense fish concentrations and move with the wave of migrating 

organisms as the ev,f'\~ Jries •. ------, 

-~This pattern of food utilization suggests why drying rates mi~ht 
wdl, re41'11 J 1o ni'J11d] $ •U#-1. 

be importan~. JFish in high densities must be available_in Shark River 

?lough over several months, it necessitates continual concentration 

along the drying edge and ultimate concentration in residual pools. 

This requires a drying rate sufficient to maintain a wave of concentrated 

fish over a relatively long period of time. Water·level rises, whether 

<- ~1 due to shor~term rainfall (Table 2), beginning of the rainy season, or 
. . ~~~..frr 

increased overland flow due to surface water discharge,~dispers•n,r 

concentrated fish s~fl tll a decrease iiiioliill · 'i16iRij t~ and as a consequence o.f{u.t '" 

feeding efficiency of storks. 
~ probably through-

The drying rate in the Everglades and 

out south Florida was "'"'t '"P'~ in years when wood storkS bred successfully 

than in years when breeding was unsuccessful (Table 3). Before 1962, 



successful wood stork nesting was characterized by high drying rates 

late in the nesting season (Fig. Jl) which is the period of heaviest 

use of the.Everglades by feeding storks. During this period, wood 

stork nesting was generally 
successful in high water 

~<a~ACr&~Jie 1) ,. 

Changes in the manner and extent of surface water flow into the 

southern Everglades after 1961 (Fig. 4, 5), discussed in the next . . 
section, have affected wood stork nesting success. In the 

~ ll-year period after 1961, wood storks bred successfully in only 

1963-and 1967. 

Of the successful years, only 1963 had drying rates similar to 

successful yea:rs befo_re 1962. 
~ rates in 1967 were very different 

from other successful years. How~ver, two unsuccessful years, 1962 and 

1971, had drying rates which were similar to earlier successful years. 

Thus after-1962, the relationship between stork production and 

drying rates differed from the relationship that held prior to 1q,~ 
---------------~ This implies that the entire system was changed 

n,l 
after 1962,1\can also be seen 

8 
in the relationship between drying rates· and month of nesting (Fig. f). 

'fter 1962, higher early drying rates were correlated 

with earl r nesting. Before 1962 
this relationship did not 

hold. 
Whereas water conditions which produced successful wood stork 

• t ...... 



nesting befor~ 1962 were relatively straight-forward/~high water 
~Hq.l. ciiOt'hll'le-t . 

level~and h1gh ~ate drying rat~ conditions producing successful 

nesting after 1962 were not. After 1962, nesting was successful 

IN low wat.er year s• one of 

~&,itl, had highly atypical drying rates·. 

It is apparent fron~ f1 ~ ' , that nesting failure after 
. ,.. pi).1T 

1962 was1associated with late colony formation which did not allow 
IY11 el t ~t'rt f .. ilt t~J 

sufficient time prior to tqe onset of the rainy season.'-J1A major 

requirement for successful wood stork nesting is 

colony format~on. 
rl..a1 

Historically no nesting/>\ be~a-n 

early 

after 

December has succeeded although, based on the length of the nesting 

period, colonies formed as late as the end of January could 

theoretically succeed. The factors affecting early nesting are not 
\)v{ 

certain1 Jhe correlation between high early drying rates in Shark 

River Slough and early nesting (Fig.~J) is compelling. However1 this 

relation· 
In 5o~ 

is meaningful only ~ n• f ; as the data from the slough 
~ 

reflects conditions throughout southern Florida1 since storks are not 

~tilizing the slough~ most of the period measured by early 

drying rates. It is not· unreasonable to presume that hydrologic 

conditions throughout southern Florida are generally similar and can 

be approximated by conditions in 'the southern Everglades. 

Delay in colony formation is undoubte~ly due to failure to 

.attain a suitable nutritional state because food serves as the 

proximate stimulus in initiating nesting (Kahl 1964). If colonies 
-~ 

'\ . 



are to form as' eat:ly as November, storks must begin nesting soon 

after they arrive in southern Florida. Either a suboptimal nutritional 

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

· or both;are the proximate causes of delayed nesting. More information 

on the food ecology of wood_ storks on their summering grounds and 
~ 

immediately after arrival in southern Florida is clearly iQdiaetee:-

' 



Water conditions and wood stork nesting success in the Everglades 

after 1962 are summarized as follows. ·From 1962 to 1965 surface water 

flow was low due to reduction of discharge. Thi.~ occurred during dry 

I 
s · 1 . years and consfequent:)..y annual flows did not differ from similar drought 

A.u.t. 
1 

So11TitsiJt 4 ('(),_uriiA1t•r' ~1uA ~. 
'r- years prior to 1tt. c/o~"'' 4 tl.t. ;\ In fact wood storks bred successfully 

in one of these years (1963) in which drying rates'were similar to 
ct 

prt clo$<~tt years of successful breeding (Fig. lalt). What was un-

usual is that these conditions occurred in a low water year. 
I~ f~(r '?/ov,-1), Jt~crr,,.;t,/ 

Discharge 7~ (/14 'ih11rA !\ after 1965. 

\ 
\ 

surface water ~o~t<4 J 111rruJ 

flow <:"" uulul 
what would have occurred under natural conditions (Fig. 

5), and in each of these years wood storks.failed. Wood storks 

succeeded in 1967 and had low production in 1971 and 1972. The annual ~~ 
surface flow in each of these three years was similar to what would ~ 

Water.levels. and drying rates are determined by. 
che amount 

of surface water discharge and its timing. Decreased drying rates 



",, •~- ,~,,~-~ ,'!">...,.<""H"''i<'~'-•"\"''-~ PT"''<(,>. 

-~ 

can be caused by the continuation of excess flow into the dry season 

when water levels would o -rl.frl;ll>~ · be dropping. The correlation of 

high drying rates to w~od stork produc~ion suggests the importance 

of the timing of discharge as well as the amount. 

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 Kahl (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 when fish .. 
/..1 

become access,ble. The difference between the Everglades and Big 

Cypress Swamp is probably due to the nature of fish concentration in 

the two areas. In the Big Cypress Swamp fish become concentrated in 

.highly localized and relatively small depressions where feeding is 

dependent upon the water becomirtg shallow enough for wading. In the 

Everglades, fish are concentrated along a drying edge in broad gently 

sloping marshes making a continual supply of food available along a 

gradient over a range of falling water levels. 

If fish move long distances in front of the drying edge of the 

marshes, levees 
i:;y Cv tf I·'~ •U .f,l, rr;; ;:·r>:l>fi 

(Ft~ "') mr.-1 h4ve~f/(<1f<J /,vflcll"''f ~~rJ.s Under pre-levee conditions 

much of the Everglades north and east of Everglades National Park 

undoubtedly served· as a tributary area for central Shark River Slough 

in that food organisms from these areas probably moved toward the 



slough as water levels fell. The recent phenomenon of wood storks 

feeding in Water Conservation Area 3 is probably attributable to the 

·levee artificially concentrating fish. 

• 

An additional 'aspect of water S"PP''I is its effect on 

the fish populations which are the import?nt intermediate links 

1~ the Everglades food chain. The extended big? water period 

' from 1968 through 1970 (Fig. 11) 

led to a '17 percent decline in ' FtH RhNrlr."~ } from 

the first to the third summer (Table 5). It is possible that the 

nesting failure of 1971 may have involved the low density of fish. 



Wood Stork as an Indicator of Ecological Stability 

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

in the southern Everglades has experienced a drastic decline in nestin~ 

success and, as a res~lt, a marked- d e(/\.(.4A.l, in : nwmbtr~ 

reach11"~ an especially cri.tical point b~ 1li ~,.,.,., lttJ,;. 

tJ:{y I~bb'~>-£{;ds~~tA down from tens of thousands ~s height. 

"}h3, necess·cuy Tc> ~nderstand the factors involved in successful 

reproduction of wood storks not only ~~the species'is endangered 

in southern Florida but because its extreme dependence on concentrated 

fish and declining water levels makes it. an indicator of the ecological 

stability and natural functioning of the southern Everglades. The 

stork's dependence on Mrro.J water level and food relations is greater 

only by degree than that of several other once-abundant species of 
~h·~ 

ciconiiforms (snowy egret, common egret, white ibis)~ comprise an 

important segment of the dominant carnivore trophic level in the 

Everglades and are essential to the proper functioning of the unique 

wetland ecosystems of southern Florida. 

Analysis of the factors leading to unsuccessful nesting of wood 

storks in the southern Everglades is complicated because the population 

. 
of habitat coincided with and impelled the decline of all southern 

' ' 



Florida wading bird populations after the 1930's when nesting colonies 

exceeded one million birds. It is this loss of habitat that also makes 

management of present wetlands difficult in terms of remnant populations 

of these :.dominant carnivores. Loss of peripheral, higher marshes, 

particularly along the developed Florida ~ast coast" (Fig. 1) decreased 

feeding areas utilizable when water levels in the Everglades are too 

14 
high for effective feeding and also decreased4 tributary area of regions 

such as Shark River Slough. If our hypothesis that fish move long 

distances during periods of lowering water level is correct, loss of 

tributary areas decreases the food available during the dry season in 

Shark River Slough. 

The extremely sensitive fo.od-water level-breeding relation of the 

wood stork makes it~ ~ priori, the indicator species for the Everglades. 

However, its recent history suggests er present conditio~ the 
111f.'i ., ------------------

species · · ill-adapted for surviva loss of habitat has 

• 
irrevocably altered the natural system to which it was adapted. 

Management, especially water management, in an attempt to supply 

habitat conditions for the most sensitive of the wading birds is 

ecologically sensible and recommended. It is possible, however, that 

present conditions may depart too greatly from the natural system to 

which the wood stork was adapted for the species to ~e capable Of 

suppor~ a stable population. The resolut~on of th~s question must 

await more detailed study of whether supplying proper water conditions 

is sufficient to bring about c:uccessfuJ.,. nesting. 
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Table 1. Water conditions and nesting success of wood storks 

in the southern Everglades 1953-73· 

General 1-JAUr "Co"'cl,t,;"'; 
-

Nesting' 
Successd> 

Water ~tu t• ~bP,(~ 
Year of 
Nesting 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
l'i 73 

I. + = successful nesting season.J( , 
..----~' _.: ··.- = unsuccessful nesting season 

+ 
+.' 
+ 

+ 
+ 
+ 

+ 

+ 

:-

\, 

High 
High 
High 
Low· 
Low 
High 
High 
High 
High 
Low 
Low 
Low 
Low 
Low 
..... lovJ 

Low 
·High 

High 
Low 
Low 
Ht~h 

-,,.,,~, 

Ht, ~ 

HI~~ 
low 

L~w 

J·h~~ 

Htq~ 

J<H~ • 
H''i~ 
L~., 

L"w 

t"'"'-' .. 

'-""' 
L""" 
l'*'-·tlj 
L~"" 

N1~? 

II J14 
jiljh 

I~ ''1~ 
Pt1h 

>· 
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Table 2. Effect of short-term rises in water level on wood stork 
nesting 1953-7j• 

Magnitude Reaction- Number of short-term water-level rises 

of the of 
occurring· in the: 

short-term nesting 

rise storks First Second Third Fourth 

month month month month 

of of of of 

n~sting nesting nest;i.ng nesting 

desertion 0 0 0 0 

Less than 
3 em 

no desertion 4 1 1 1 

desertipn 1 13 0 0 

Greater than 
or equal to 
3 em 

no desertion 0 0 3 0 
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Table 3. Drying rates in years of successful and unsuccessful 9 

~o~!J 

wood stork nestin& 

Number 
of . 
years 

High water successful 7 

Low water successful 1 

Low water unsuccessful 9 

High water unsuccessful 3 

* calculated by_ (Nov-Jan) + (Jan-Mar) 
2 

Average early 
drying rate 
Nov-Jan 
(em/day) 

.23 

.24 

.14 

.15 

** significantly different (t test, ~( 0.01) 

Average late Overall Average* 

drying rate drying rate 

Jan-Mar Nov-Mar 

(em/day) (em/day) 

.20 .22 ) 
) .22** 

.15 .20 ) 

.14 .14. ) 
) .12 

.003 .08 ) . ' 
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Table 4. Water depth at peak fish density in 
-"""'Thrrlll f~o~tr&~IAJt, mM,}tt, 

Date 

ll Jan 1967 

7 Dec 1967 

6 Feb 1969 

24 Feb 1971 

22 Feb 1972 

Depth at 
Trap site 

(m) • 

0.24 

0.28 

0.31 

0.27 

. ' 



\· 

Table 5. Density of fish in .,Q().;rJ..tr" f.w~l~ 

Summer 

Aug 1966 

Aug 1968 

Aug 1969 

Aug 1970 

Water Depth 
at trap$(m) 

0.68 

0.78 

0.73 

0.63 

\ during summers • 

Density 
(fish/m2) 

8.9 

7.6 

5.9 

4.0 

of similar water depth. 

. 
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