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AVAILABILITY TO WOOD STORK REPRODUCTION IN THE 

SOUTHERN EVERGLADES, FLORIDA 

BY 

J a m e s  A. Kushlan, John C. Ogden, Aaron  L. Higer  

ABSTRACT 

The wood s t o r k  i s  a spec i e s  of coloni;ll wading b i rd  in the 

Eve rg lades  tha t  i s  m o s t  sens i t ive  to  changes in the availabili ty of 

food. P rev ious  s tudies  have shown that  the initiation and s u c c e s s  

of wood s t o r k  nes t ing  depends on high dens i t ies  of f ish concent ra ted  

in  ponds and o the r  ca t chmen t  bas ins  during the d r y  season .  The 

e x t r e m e  dependence of the wood s t o r k  on the cycl ic  hydrologic r eg ime  

of the sou the rn  F l o r i d a  wetlands makes  i t  an  indicator  of the well-  

being and ecological  s tabi l i ty  of the Everg lades .  

The wood s t o r k  has  declined in numbers  ove r  the l a s t  25 y e a r s .  

One r e a s o n  fo r  the decl ine in the wood s to rk  population was  the change 

in  the hydrologic  r eg imen  of the Everg lades  which affected the feeding 

habi ta t  and the food production. 



~h~ fish on which the wood s tork  feeds inc rease  in density 

during the dry  season as  water levels fall. In the Everg lades  m a r s h ,  

densities were highest in f ront  of the drying edge of su r face  wa te r  a t  

a depth of about 0. 3 m. Dry-season densi t ies  were  g r e a t e s t  when a 

drought occurred  the previous year .  

I-Iistorically wood s tork  nesting success  was associa ted  with 

high summer  water  levels ,  high ra t e s  of surface  -water  d i scharge  

and high ra te s  of drying. Before the c losure  of the south s ide  of 

Con5urvation Area  3 in 1963,  years  of successful  and unsuccessful  

nesting were charac ter ized  by different pat terns of drylng. These  

pat terns changed af ter  1962 and general ly the predictabil i ty of S U C -  

ccssfu l  nesting breaks  down thereaf ter .  Only two nesting y e a r s  a f t e r  

1962 were successful  and in only one of these  was the drying r a t e  

s imi lar  to  yea r s  of successful  nesting before 1962. Two o the r  

potentially successful  y e a r s  failed a f t e r  1962. This sugges ts  tha t  

fur ther  changes in the hydrobiological relations occurred  within the 

Everglades after  1962. 

Lack of successful  nesting after  1962 can be  =ttr ibuted in 

large part to late  colony formation and the interruption of nest ing 

winter rainfall* 1x1 th is  period (1962 -72), colonies fo rmed  e a r l i e r  

in years of high ea r ly  drying ra te s  than i n  y e a r s  of low e a r l y  drying 



rates. Delay of colony formation is  ultimately the result of in- 

ability to attain a suitable nutritional state s ince  food supply i s  the 

primary factor in the initiation of nesting. Many of the complex 

food associations of the wood stork remain to be explained. 



INTRODUCTION 

The Florida Everglades i s  a vast, shallow marshland which , 

in its natural state encompassed nearly 10,000 k m 2  stretching f rom 

the south shore of Lake Okeechobee to the mangrove swamps of 

southwest Florida, 160 km to the south. A sheet of surface water 

generally less than 1 m deep flowed southward with a gradient 

averaging about 5 cm/km (Leach, Klein and Hampton, 1972). Near 

the latitude of Miami, the principal Everglades drainage, called the 

Shark River Slough, i s  constricted by a higher marshland to  the eas t  

and west and funnels into a ser ies  of dendritic s t reams which enter 

coastal mangrove swamps. These s t reams coalesce into mangrove - 

lined rivers.  

The Everglades can be divided into three distinct regions 

(fig. 1): agricultural lands directly south of Lake Okeechobee, 

three water conservation areas  established as  water -management 

impoundments, and Ever glades National Park  including within its 

boundaries the southernmost par t  of the Everglades. 



Figure- 1.--Physiographic features and geographical locations i n  southern 
Florida. Aerial photography by Earth Resources Technology 
S a t e l l i t e .  



The p re sen t  paper  r epo r t s  on s tudies  made in 1965-73 by 

the Geological Survey.and the National P a r k  Ss rv i ce  to r e l a t e  

var iat ion in water  level to the production of aquat ic  a n i m a l s  and 

the reproduct ive success  of the wading b i rds ,  p a r t i c u l a r l y  the 

wood s tork ,  that b reed  in Everg lades  National P a r k .  

Water level  i s  c r i t i ca l  to the colonial nest ing wading b i r d s  

( o r d e r  Ciconiiforme s: herons, i b i se s ,  s t o r k s )  tha t  b r e e d  dur ing  

the d r y  season  when inundated a r e a s  are reduced  to  i so l a t ed  pools  

a n d  f l s h  become concentrated by  falling water  leve ls .  The wood 

s to rk  (Mycter ia  a m e r i c a n a )  i s  the spec ies  m o s t  sens i t ive  to  

var iat ions in  food avai labi l i ty  be cause ,  unlike v isua l ly  hunting 

spec ies  of herons ,  the s to rk  feeds exclusively by non-visual,  

tactile me thods  and i t s  feeding efficiency i s  d i r e c t l y  r e l a t e d  t o  

f ish densi ty  (Kahl, 1964). Kahl, a l s o  found tha t  i n  sou the rn  

F lor ida  this spec ies  r e q u i r e s  the high dens i t i e s  of aquat ic  

o rgan i sms  concent ra ted  by falling water  l eve l  t o  t r i g g e r  a n d  

sustain nesting. Histor ical ly ,  when wood s t o r k s  nes t ed  s u c c e s s -  

fully so  did o the r  spec i e s  of wading b i r d s ,  a l though wood s t o r k s  

failed in  some y e a r s  when o ther  wading b i r d s  w e r e  succes s fu l .  

Since wading b i r d s  a r e  dominant  p r e d a t o r s  i n  the e c o s y s t e m  a n d  



adapted to the natural ly fluctuating water conditions of the 

Everglades ,  the wood s to rk  i s  in many respects  a n  indicator 

of the na tura l  functioning and general  well-being of the Everglades  

ecosystem. F o r  this reason the biology of the wood s tork  has 

been emphasized in this paper. 
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STUDY AREA 

The study a r e a  was the Everglades drainage sys tem south 

of U. S. Highway 41 (f ig.  2). The study was concentrated in the 

Shark River Slough which originates in the m a r s h e s  north of U. S .  

Highway 41 in what i s  now Water Conservation A r e a  3 and extends 

to the southwest coas t  (fig. 2). South of U. S. 41,  the slough covers  

2 791 krn . However 214 krn2, l i e s  e a s t  of Everglades National Pa rk  

and a r e  cut off f r o m  the r e s t  of the southern Everglades by Levee 67 

extension (fig. 2). 

Vegetation of the Everglades is dominated by four plant 

associat ions descr ibed in detail  by Davis (1 94 3),  Loveless (1  959) 

and Craighead (1971). Saw g r a s s  m a r s h ,  composed of a lmos t  pure  

stands of Cladium jamaicensis  , i s  the predominant community. 

Mixed m a r s h e s  o r  p r a i r i e s  of Eleocharis  cellulosa and Rhynchospora 

t r acy i  occur  a t  slightly lower elevation than saw g r a s s  marshes .  

T r e e  is lands a r e  r a i sed  slightly above the surrounding m a r s h e s  and 

vegetated by hardwood communities.  In the lower p a r t  of the slough, 

dendri t ic  s t r e a m s  a r e  lined by r iver-bank fores t ,  p r imar i ly  of man- 

groves (Rhizophora mangle). Inland, r i v e r  -bank fo res t  i s  replaced 

by saw grass .  
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. Shark River Slough i s  the southern par t  of the Kis simmee - 

Okeechobee -Everglades drainage system. Through the years  the 

sys tem has been modified by canal drainage, water  control and water-  

management pract ices ,  and urban and agricultural  growth. One of 

the management works was the completion of a levee along the south 

side of Conservation Area  3 which changed the pattern of southward 

flow to the Shark River Slough. The history and some of the conse - 

quences of these developments on the total system have been reviewed 

by Leach and others  (1972). 



METHODS 

Water level was recorded continuously a t  gaging station P-33 

(fig. 2). Station P-33 i s  located in saw grass  m a r s h  in Central  Shark 

River Slough a t  land elevation 1.6 m above m s l  (mean s e a  level). Data 

from P-33, f rom 1953 through 1972, were used as  an indicator of 

water conditions of the southern Everglades and generally of water  

conditions in southern Florida. High water years  a r e  those in which 

water level a t  P - 3 3  exceeded 2.0 m above m s l  during January. The 

rate of water level decline was cpantified by calculating an ea r ly  and 

late drying rate for the hydrobiological year,  June through May. The 

early drying rate is the net rate of change f rom the highest water  

level in November of the previous calendar year  to the highest level  

the following January. The late drying ra te  i s  the net r a t e  of change 

f rom the highest water level in  January to the highest level  in  March- 

Surface -water flow was measured at culverts and water  control 

s tructures along U. S .  Highway 41 and divided fo r  analysis  into three  

discharge segments a s  shown in Fig. 2. (Flows f r o m  Water Con- 

servation Area 3 a r e  controlled whereas flows f rom the eas te rn  Big 

Cypress a re  uncontrolled. ) Years of low discharge a r e  those in  which 

flow through the two sections across  the Shark River Slough was l ess  

6 3 than 320 x 10 m during the June -May annual cycle. 



Density of aquatic organisms in number per unit a rea  was 

determined by samples obtained with H i g e r  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 res ts  on the bottom of the marsh and i s  pulled up by two 

operators standing 15 m away. This device has been described and 

discussed by Higer and Kolipinski (1 967) and Kushlan (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 a r e a  for such sample period. 

Ten t raps  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 t rap  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 f rom all t r ap  si tes were averaged to find the mean 

density of all fish and prawns for the period. 

Population, movements, and feeding a reas  of wood storks f rom 

1965 to 1972 were determined by regular, generally monthly, aer ia l  

surveys. The total population within the southern Everglades was 



censused during the winter -spring breeding season. Nesting numbers 

and success were determined by aer ia l  observation and photography. 

Information on colony formation and nesting success f rom 195 3 to 

1965 was obtained f rom W. B. Robertson, Jr. (National P a r k  Service, 

pers.  comm. 1972). A breeding season was considered successful  

if the number of young produced was great  enough to sustain a stable 

total population through the next breeding season. R. P. Allen's 

est imates of annual mortality (in Palmer ,  1962) were used in ca l -  

culating population trends. 



RESULTS 

Hydrology 

Variat ion in  rainfall ,  evapotranspiration and overland flow 

f rom the water conservation a r e a s  resul t s  in  seasonal changes 

i n  the quantity of water i n  the southern Everglades. Water levels  

begin to r i s e  in May o r  June to a peak in October; thereafter  

levels  decline, slowly and i r regular ly  a t  f i r s t ,  but accelerate 

in  the spring and continue to decline until the next rainy season 

s tar t s .  This temporal  pat tern of water-level fluctuation causes 

a spat ial  variation in  the distribution of surface water. As the 

d r y  season p rogresses ,  evapotranspiration causes a decline of 

water level  throughout the southern Everglades, surface flow 

dec reases  and finally ceases ,  m a r s h  bottom becomes increas-  

ingly exposed along the higher land to the eas t  and west, and 

drying progre  s se  s inward from the la tera l  edges and longitudi- 

nally f rom 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. 

Af ter  completion of the levee on the south side of Conser- 

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



River Slough were fur ther  altered by operation of the control  

s t ructures  (fig. 2). Graphs of surface flows through the ea s t e rn  

Big Cypress Swamp and flows into the ea s t e rn  and cen t ra l  p a r t s  of 

the Shark River Slough for 1940-72 a r e  shown in fig. 3. Until 1962, 

the Big Cypress and Shark River flows were  comparable. There  - 

af ter ,  there occurred a change in the pattern of flow to  the Slough 

a s  compared to the flow through the ea s t e rn  Big Cypress. 

To determine the significance of these  changes of surface  

flow patterns,  a comparison was made between recent  controlled 

flow to the Shark River Slough and uncontrolled flows in  the Big 

Cypress Swamp. This can be done because of the comparabil i ty 

of annual flow through the eas te rn  Big Cypress Swamp with flow 

into the southern Everglades (correlat ion) = 0.93, p (probability) 

e 0 . 0 g .  For  the interval  1940 to  1961 (uncontrolled), the ra t io  

of Everglades to Big Cypress flow was 0.5 8 (Standard Deviation = 

0.17) for  the central  slough and 1.07 (SD = 0.88) f o r  the e a s t e r n  

slough. 

The surface-water  flow into the centra l  slough expressed  in  

t e rms  of this rat io i s  shown in figure 4. Although flow was reduced 

in 1962-65, these were d ry  years ,  and the index of surface  flow into 

the Everglades relative to the Big Cypress Swamp was s im i l a r  to 
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Figure 4.--Deviation from n a t u r a l  flow i n  t h e  sou the rn  Everglades  1962-72 
based upon water  f low index (d i scha rge  i n t o  t h e  c e n t r a l  p a r t  of  
t he  s lough /d i scha rge  e a s t e r n  Big Cypress Swamp). The ave rage  
index f o r  1953-61 (0.58) i s  i n d i c a t e d  by a s o l i d  l i n e  t h e  
s t anda rd  d e v i a t i o n  (f 0.17) i s  i n d i c a t e d  by dashed l i n e s .  
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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 g rea te r  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 eas te rn  slough consisted only of seepage. The increased flow 

diverted into the center of the slough can maintain high levels there 

for  prolonged periods. 



Wood Stork Population 

The southern Everglades wood s tork  population, r e f e r r e d  to 

by Kah1 (1 964) as  the "Everglades -mangrove population, " consists  

of those birds nesting in colonies a t  the margin of the southern Ever  - 

glades . Mormation on this population before Ever  glades ~ a t i o n a l  

Park was formed in 1947 i s  scattered and incomplete, but Halt (1933) 

reported 50,000 storks i n a  single colonyin 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 declined to  

1, 800. 

Under natural conditions, s torks nested successfully in most  

years. Storks were successful in 6 of 9 years  f rom 1953 to  1961 

but in only 2 of 12 years f rom 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 re tu rn  to 

south Florida in fall ,  generally November (Palmer ,  1962, Kahl, 1964). 

On returning, they feed in a predictable sequence of locations f i r s t  

utilizing drying ponds and marshes  within the coastal  mangrove zone, 

remaining there through December. Feeding storks then move to the 

lower part  of Shark River Slough in and near  the mangroves. 

Later ,  in early spring, they feed along the drying l a te ra l  edges of the 



Tab le  1.--Water c o n d i t i o n s  and n e s t i n g  success  of wood s t o r k s  i n  t h e  
s o u t h e r n  Everglades 1953-73. 

General Water Condi t ions  

Year o f  
N e s t i n g  

Nest ing 
1 / Water 

Success- Leve 1 Discharge 

High 
High 
High 
Low 
Low 
High 
High 
High 
High 
Low 
Low 
Low 
Low 
Low 
!.ow 
Low 
High 
High 
Low 
Low 
F igh  

High 
High 
High 
Low 
Low . . 
High 
High 
High 
High 
Low 
Low 
Low 
Low 
Low 
High 
Low 
High 
High 
High 
High 
High 

1/ + = s u c c e s s f u l  n e s t i n g  season,  - = unsuccess fu l  n e s t i n g  season - 



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 Everglades takes place in  the winter 

and spring. Before 1962, colonies formed pr imar i ly  in November 

and December, but after 1963, the time of colony formation became 

increasingly irregular  ranging f rom December to a s  late a s  March 

(fig. 5 1. Through 1973, no year in which colonies formed as late as  

January has been successful. During years  when colonies formed i n  

December, successful nesting occurred about half the t ime (fig. 5). 



B
E

FO
R

E
 

19
62

 

M
O

N
T

H
 

A
F

T
E

R
 

19
62

 

F
i
g
u
r
e
 5
.-
-M
on
th
 
w
h
e
n
 w
oo
d 

s
t
o
r
k
 c
o
l
o
n
i
e
s
 
fo
rm
ed
 
i
n
 t
h
e
 
s
o
u
t
h
e
r
n
 E
v
e
r
g
l
a
d
e
s
 1
9
5
3
-
1
9
7
3
.
 

Y
e
a
r
s
 
of
 
s
u
c
c
e
s
s
f
u
l
 n
e
s
t
i
n
g
 
ar
e 

st
ip
pl
ed
. 

N
o
 w
o
o
d
 
s
t
o
r
k
 c
o
l
o
n
i
e
s
 
fo
rm
ed
 
i
n
 

1
9

6
2

. 



Wood Storks and Water Conditions 

Since the nesting success of wood storks i s  apparently predi-  

cated on colonies forming f rom November through January (Fig. 5 ) ,  it 

i s  important to determine whether hydrologic conditions affect the 

timing of colony formation. Wood storks begin nesting in the Big 

Cyprcss S~vamp when the water  level falls to a specific point (Kahl, 

1964). T,tTooZ stork; n c a t h g  in the Everglades show no such correlation. 

As demonstrated in figure 6, water  level  a t  the reference station in 

the centra l  slough varied 0.7 m (2. 29 m to 1.59 m )  during the t imes  

of colony formation. It i s  reasonable to suspect  that the timing of 

colony formation may be related to the ra te  of water-level  decline 

during the dry  season. There i s  no such correlat ion before 1962 

since colonies formed in November o r  December i r respect ive  of 

drying ra te .  After  1962, the ear ly  drying ra te  was significantly 

higher in years  when colonies formed in December than in  years  when 

colonies formed la te r  ( r  -0.87, p < 0.0 1)  (Fig. 7). Lf this  corre la t ion 

between the ra te  of drying and t ime of colony formation is meaningful, 

it may be related to changes in the surface flow sys tem after  1962. 

Desertion of colonies by nesting wood storks is apparently 

also related to water  conditions. This i s  important because only one 

of 7 attempts a t  renesting af ter  desert ion succeeded. Desertion was ,  

in a l l  cases  fo r  which information i s  adequate, corre la ted with r i s e s  
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EARLY DRYING RATE, IN MlLLlMETRES PER DAY 

- 0.1 0 . 2  0 . 4  0.6 0.8 1 2 4 6 8 10 

0.005 0.01 0.02 0 . 0 4  0.06 0.10 0.16 

EARLY DRYING RATE, IN INCH PER DAY 

Figure 7.--Relation of early drying rate and time of nesting showing the hi$ 
correlation ( r = -.87) after 1962 (dots). The regression log Y 
log a + b log x where log a = 6.8459 and b = - 152 is significant 
at P ( .01. The transformation of the equation is Y = a xb. The1 
is no significant relation before 1962. These data are shown in 
crosses and have a non significant correlation ( r = -.13). 



in  water  level  of 3 cm o r  more  (table 2). However, desertion in 

response to  such water  level  r i s e s  occurred only within the f i r s t  

2 months of nesting. After 2 months, nesting storks apparently 

continue to  nes t  for  as  long as  they can locate food sources. The 

desertion of nesting colonies due to relatively smal l  r i s e s  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 t ime for  development prior  to 

the onset of the rainy season which ra ises  water levels and causes 

desertion. It seems possible that colonies forr; c.d as late as  late 

January could succeed pr ior  to the rainy seasol , but until 1973 

none has. 

In that colony desert ion and, after 1962, colony formation 

a r e  correlated with hydrologic conditions, it seems probable that 

wood s tork  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 re la tes  to water  depth, and the rate of winter-spring 

drying. Table 1 shows the correlation of the f i r s t  two parameters  

with wood s tork  nesting. Before 1962, this relation was straightforward: 

s tork  nesting failed in low water years  but generally was successful in 



Table 2. --Effect of short- term r ises  in water level on wood 
stork nesting 1953-73. 

Magnitude Reaction Number of short- term water-level r i ses  
of the of occurring in the: 

short- term nesting 
r i s e  storks F i r s t  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 

desertion 

Greater  than 
or equal to 
3 c m  

no desertion 0 0 0 0 



years of high winter water levels and high discharge. The latter 

relation was f i r s t  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 successfully nested 

in two years of low water conditions. This strongly suggests that 

the hydrobiological system supporting Everglades wood storks under- 

went changes that apparently coincided 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 i s  more complex. An analysis 

i s  shown in 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 drying rate (t-test, p -z 0.05). 

(The single exception to the pattern, 1959, which is  not included in 

the successful polygon because its position is  the result of a lowered 

late drying rate due to a r ise  in water level after young storks had 

already fledged). 

Comparison of later years to base line data from before 1962 

shows that the drying rates of most unsuccessful years continued to 

fall within o r  close to the cluster for unsuccessful years before 1962. 



F i g u r e  8.- 
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STORK NEST 

RANGE OF YEARS OF 
UNSUCCESSFUL STORK NESTING 

1953- 1961 
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0 I 2 3 4 5 

EARLY DRYING RATE, IN MILLIMETRES PER DAY 

-The r e l a t i o n  between ea r ly  and l a t e  drying r a t e s  i n  t h e  southern ~ v e r g l ~ ~ ~ ~ ~  
The der iva t ion  of these r a t e s  i s  explained i n  the  t e x t .  Drying r a t e s  i n  
years  of successful  wood s t o r k  nes t ing  a r e  s h a m  i n  c i r c l e s ,  y e a r s  of un- 
successful  nes t ing as squares. Open symbols a r e  those  f o r  t h e  y e a r s  1 9 5 ~ ~ ~ '  
p r i o r  t o  completion of levees. Closed symbols a r e  those  f o r  t h e  years  
1962-73. The averages f o r  each group before 1962 a r e  sh- in double symbol 
The shaded polygons represent  the  range of v a r i a t i o n  of successful  and un- 
successful  year  before 1962. 



However, 4 yea r s  a r e  anomalous. The unsuccessful year  of 1969 

was considerably deviant f rom other years. Drying ra tes  for 1962 

and 1971 were  s imi la r  to pre-1962 successful years ,  but in both these 

yea r s  wood s torks  failed. Drying ra tes  in 1967 were different f rom 

al l  other successful  years  (t-test,  p -= 0.05) but produced successful 

nesting. Only i n  1963 were  drying rates similar  to those of pre -1962 

successful  years .  However, before 1962 such rates were produced 

in high water  yea r s  whereas 1963 was a low water year. 

These resul ts  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 parameters .  However, the r esults since 1963 do not 

conform to these  indices. 



E'i s h IJopulation 

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

depth (fig. 9). As water levels fell,  density of fish a t  the t r ap  s i tes  

increased to a peak in January and then declined as water level de - 
clined further. The occurrence of peak fish densities during moder-  

ately low water levels i s  appar.ently caused by the movement of smal l  

fish to deeper areas  well in advance of the drying edge of the marsh.  

Such peak densities occurred when watc.r depth in the marshes  reached 

about 0. 3 m (table 3). This wave of densely concentrated fish 

apparently moves across  the southern par t  of the Everglades until 

fish finally become concentrated in localized depressions. Such 

movement of fish during periods of drying was shown previously by 

Knshlan (1972) for a pond in the Big Cypress Swamp, but those move - 
ments were more limited. 

To analyze how water level correlates with changes in f ish  

density, i t  i s  necessary to f i r s t  examine the water level fluctuations 

at  station P-33 (fig. 10). Droughts occurred in 1965 (pr ior  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 ear l ie r  (fig. 3). Both the prolonged wet period 

and the drought dfec ted  fish populations during the study (fig. 10). 
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Table 3. - -Water  depth a t  peak f ish densi ty  in  s o u t h e r n  
Everg lades  m a r s h e s .  

Date Depth at 
Trap s i t e  

(4 

11  J a n  1967 

7 Dec 1967 

6 Feb 1969 

24 F e b  1971 

22 F e b  1972 

Mean  
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Since fish density varied with both water l eve l  and t ime of 

year ,  density a t  different t imes can be compared dirc,ctly only if 

the data a r e  for the same time of year ,  at  approximately the s ame  

water  level, and a t  a time when water  levels  a r e  changing a t  s imi la r  

ra tes  in the same direction. These c r i t e r i a  were  me t  in August of 

several  years  (fig. 10). Fish densities were relat ively high during 

the summer of 1966 and 1968 (both af ter  droughts),  but during the 

continuously wet period f rom 1968 through 1970. summer  fish density 

decllned by 47 percent f rom the f i rs t  ( 1 1 ! 6 8 )  to tht. third ( l C J 7 0 )  

summer (Table 4). Additional evidence of a decline in the fish p o p -  

lation during extended high water i s  shown in the d ry  period of 1971. 

Samples taken near what should have been peak f ish density showed 

a moderate ra ther  than a high density (fig. 10). This is in contras t  

to the high densities in 1972 which, following fhe 1971 drought. 

reflected the re turn  of typical conditions. These data indicate that 

the abundance of fish declines during continuous high-water pe r i d s  

and increases  after  droughts. 
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Wood Storks and Fish Availability 

of the several feeding areas  used by wood storks,  informa- 

tion on the fish populations i s  available only for the s h a r k  River 

Slough. However, this i s  perhaps the most cr i t ical  a r e a  because 

storks feed there when securing food for  young in the nest, the 

period of highest energy demand. Wood storks feed during periods 

of falling water levels when fish densities a r e  increasing (fig. 101, 

and usually at a water depth of about 0. 3 m, where fish a r e  con- 

centrated (Table 4). Storks probably feed on the dense wave of 

fish while the slough dr ies  and continue to do so a s  remnant f ish 

stocks become concentrated within topographic depressions. The 

result of this pattern of fish concentration i s  that highly concen- 

trated food supplies a r e  generally available to s torks  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 c rop  of f ish  in cen t ra l  

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 ao, i t  was probably due to  the 



combined effects of high water from 1968 to 1971 and the reduced 

inflow of f i sh  into Shark River Slough from the northern Ever-  

glades and previous t r ibutary  a reas  to the east. 



DISCUSSION 

Requirements for Successful Nesting 

wood stork colonies in Everglades National Park a r e  fully 

protected and thus nesting failure i s  not caused by disturbance. 

Nor does the species' 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 correspond to the previous seasonst reproductive output. 

It i s  possible, however, that the nutritional condition of returning 

storks may be poorer than in previous years. Furthermore, 

unlike storks nesting in the 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 o r  failure, 

in most cases, is  probably related to the abundance and avail- 

ability of food in the supporting system. 

The well documented dependence of southern Florida wood 

storks on concentrated food supplies (Kahl, 1964) means that 

feeding success requires a water depth shallow enough for  



wading and a relat ively high density of fish. Feeding si tes a r e  

located where these two conditions a r e  met. Thus storks move 

to a succession of feeding a r e a s  during the winter and spring a s  

suitable feeding conditions become available. Storks f i rs t  use 

coastal  feeding s i tes  in  ea r ly  winter when water in the Everglades 

i s  too deep for feeding. Later  movements to inland s i tes  and 

within the Everglades follow the pattern of drying. 

The pattern of food utilization and availability in the Everglades 

suggests  why drying r a t e s  might be important in relation to nesting 

success ,  F i sh  must  be available in high densities in Shark River 

Slough over severa l  months. This necessitates continual concen- 
'. 

L. 

t rat ion along drying edges and, ultimately, concentration in  residual 

pools. Such a p rocess  may require a drying ra te  sufficient to ' 

maintain a wave of concentrated fish over a relatively long period 

of time, High water-level conditions, whether caused by short  

t e rm  rainfal l  (Table 21, beginning of the rainy season, o r  increased 

overland flow due to surface-water discharge, reduces fish density 

by dispersing concentrated fish and, a s  a consequence, decreaeee 

feeding efficiency of storks, 

During the 1950's, wood s tork  nesting was generally succe ssful  



in  hig., water years  and unsuccessful in low water years .  Successful  

years  were a l so  characterized by high discharge and high late 

drying rate. Changes in the manner and extent of surface  water 

flow into the southern Everglades a f t e r  1961 (fig. 3,  41, discussed 

in the next section, have adversely affected wood s tork  nesting 

success.  In the 12-year period after  1961, wood s torks  b red  

successfully only twice and in only one of these years  were drying 

ra tes  s imi lar  to successful years  before 1962, Also, in  two un- 

successful years,  drying ra tes  were s imi lar  to those of e a r l i e r  

successful years. Thus after  1962, the relationship between s to rk  

reproduction and drying ra tes  differed from the relationship that 

held before 1962. This can a l so  be seen in the relationship be- 

tween drying ra tes  and time of colony formation (fig, 7). After 

1962, higher ea r ly  drying r a t e s  corre la ted with e a r l y  nesting, 

Before 1962 this relationship did not hold, 

Thus whereas water conditions which produced euccessful  

wood s tork  nesting before 1962 were relat ively straighUorward, 

conditions producing successful nesting thereafter  are not. In 

fact the pattern may be completely reversed  in that a f t e r  1962 

nesting succeeded only in a low water year,  

Figure 5 suggests that nesting failure a f t e r  1962 was i n  part 

48 



associa ted  with late colony formation that did not allow sufficient 

time to complete nesting before the rainy season. A major r e -  

qui rement  fo r  successful  wood s tork  nesting i s ,  therefore, ea r ly  

colony formation. Historical ly no nesting that began af ter  December 

succeeded :i.lthough colonies forming a s  late a s  the end of January 

could theoret ical ly succeed. Fac to r s  affecting e a r l y  nesting a r e  

not known, but the correlat ion between high ea r ly  drying r a t e s  in 

Shark  River  Slough and e a r l y  nesting (fig. 7) i s  compelling. T h i s  

relat ion i s  meaningful only insofar a s  the data from the slough r e -  

f lect  conditions throughout southern Florid<:, since storks a r e  not 

utilizing the slough through most of the pel tod measured by e a r l y  

drying ra tes .  However i t  i s  not an unreasonable assumption that 

water conditions in southern Florida can be approximated by 

conditions in  the southern Everglades. 

Delay i n  colony formation i s  probably due to failure to at tain 

a suitable nutritional state if food i s  the proximate stimulus in 

initiating nesting as Kahl (1964) suggests. If colonies a r e  to form 

a s  e a r l y  a s  December,  s torks  must begin nesting soon af ter  they 

a r r i v e  in southern Florida. Either  a suboptimal nutritional s tate  

on a r r i v a l ,  fa i lure  to obtain enough food in November-January, o r  



both, a r e  the prosinlate  causes  of delayed nesting. More  infor -  

mation on the food ecology of wood s t o r k s  on the i r  s u m m e r i n g  

grounds and immedia te ly  a f t e r  a r r i v a l  in  southern  F l o r i d a  i s  

c lea rl) ,  needed. 



Relation of Wood Storks to Water Supplies 

~ u r i n g  1962-65, flows to the P a r k  were pr imar i ly  affected by 

below n o r m a l  rainfal l  and resultant low storage in Conservation 

A r e a  3, Flows during the ea r ly  1960's were reminiscent of those 

during e a r l y  and middle 1940's. In fact, wood storks bred  success -  

fully i n  one of these d r y  years  (1963). Discharge to the Shark River 

Slough inc reased  a f t e r  1965. However the distribution of flow 

differed f rom previous years  because surface water was diverted 

into the cen t ra l  p a r t  of the Shark River Slough (fig. 3) r a the r  than 

through the total  flow section. In 1966, 19t18, 1969, 1970, and 

1973 this flow exceeded what would have occurred under na tura l  

conditions (fig. 4). and in  each of these years  wood s to rk  nesting 

failed, Wood s to rk  nesting succeeded in 1967 and had low pro- 

duction in  1971 and 1972. The annual surface flow in each of these 

three  yea r s  was s imi la r  to what would have been expected under 

noncontrolled conditions (fig, 4). 

The correlation of high d;ying ra te s  to wood s tork  nesting 

success  suggests  the importance of the timing of discharge a s  well 

a s  amount. Decreased drying ra te s  can be caused by the continuation 

of e x c e s s  flow into the d r y  season when water levels  would otherwise 

be dropping. 



That the ra te  of water-level recess ion and not absolute water  

level  i s  important in the Everglades is somewhat unexpected i n  light 

of the findings of Kahl (1964) and Kushlan (1972) that, i n  the Big 

Cypress  Swamp, wood s tork  nesting and feeding of wading b i rds  

on concentrated f i sh  stocks both occur a t  specific water  levels .  The 

difference between the Everglades and Big Cypress  Swamp i s  probably 

due to the nature of f ish concentration i n  the two a r e a s .  In the Big ' 

Cypre s s Swamp, f ish become concentrated in  highly local ized and 

relat ively smal l  depress ions  where feeding depends on water  be- 

coming shallow enough for wading. In the Everglades,  f ish a r e  

apparently concentrated along a drying edge i n  broad gently sloping 

m a r  shes making a continual supply of food available along a gradient  

over a range of falling water  levels. 

An additional aspect  of water  supply is i t s  effect on the im- 

portant  intermediate links in the Everglades food chain. The ex- 

tended high-water period f rom 1968 through 1970 (fig, 10) which 

led to a 47-percent decline in  fish abundance f rom the f i r s t  to  the 

third s u m m e r  (table 4), may have contributed to the nest ing fa i lure  

of 1971. 



Wood Stork a s  an  Indicator of Ecological Stability 

Since the e a r l y  19601s, the population of wood s torks  breeding 

i n  the southern Everglades has experienced lowered nesting success  

and, a s  a r e su l t ,  a marked  decrease  in numbers. It i s  necessa ry  

to understand the fac tors  involved in successful reproduction of wood 

s t o r k s  not only because the species i s  endangered in  southern Florida 

but because i t s  dependence on concentrated fish and falling water 

levels  makes  i t  an  indicator of the ecological stability and natural  

functioning of the southern Everglades. The stork's dependence on 

specif ic  water  level  and food relations i s  ~ 1 - e a t e r  only by  degree 

than that of seve ra l  other  once-abundant species of ciconiiforms, 

such as the snowy egre t ,  common egre t ,  and white ibis,  which comprise  

a n  impor tant  segment of the dominant carnivore trophic level  in 

the Everglades and a r e  essential  to the proper functioning of the 

unique wetland ecosys tems of southern Florida. 

Analysis  of the fac tors  leading to failure of wood s to rk  nesting 

in  the southern Everglades i s  complicated because the population 

decline coincided with a sequence of uncontrolled drainage, water  

control ,  urban expansion into per iphera l  wetlands and, finally, water  

management,  a l l  of which probably impelled the population decline 



of a l l  wading b i rds  in southern Florida af ter  the 1930' s when nesting 

colonies exceeded 1 million birds.  It i s  this loss  of habitat  that  

a lso  makes  management of present  wetlands for remnant  popu- 

lations of these dominant carnivores  exceedingly difficult. Loss  of 

per iphera l ,  higher m a r s h e s ,  part icularly along the developed 

Flor ida  east  coas t  (fig. 1)  decreased feeding a r e a s  that w e r e  utilizable 

when water  levels  in the Everglades a r e  too high fo r  effective feeding 

and a l so  decreased the t r ibutary  a r e a  of regions such a s  Shark River 

.Slough, thus decreasing the food available during the d r y  season.  

Loss  of habitat f rom lowered water  levels  and u rban  en-  

croachment has  i rrevocably a l te red  the natural  s y s t e m  t o  which 

the wood stork was adapted. Management, especial ly wa te r  manage - 

ment,  in an at tempt to  replicate habitat conditions for  the m o s t  

sensi t ive of the wading b i rds  would be ecologically sens ib le .  More  

detailed study would be needed to determine whether supplying speci f ic  

water  conditions might be sufficient to  bring about successful  nesting. 
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