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¢ .~~The relation between early drying rate (Nov—Jan)
in Shark River slough and the months (1963—72)
in which wood stork nesting'colonies were formed. « ¢ °

q.—-The,relation between early and 1ate drying rates
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averages for each group pefore 1962 are shouwn

in double symbols.
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Table 1.
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in water and fish avallabllity

\ tion of ‘tem poral variation sh ave™>
% gﬁig%f e outhern Everglades, Florida TamessD- Kushlaw, Tobv ¢
to wood stork rePIOd“Ct“n in the S « T Ogden , Rarow L-Higen
R ABSTRACT - S

i h ”
The wood stork is.the wading bird species most sensitive to Chamyps

e
the availability of food in the Everglades. Previous studies ‘hav

.ghown that the initiation and success of wood stork nestlng depends

I Pouu neod oThr eﬁ'frhmmr,Lan
on high densities of fish concentrated*

during
the drv season. The extreme dependence of the wood stork on the
cyclic hydrologic regime of the southern Florida wetlands 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
jmplementation of management of surface water flow in the Everglades.
The reason for the storks decline "involves 1oss of perlpheral wetland
feeding habitat, joss of food production in artificially dry marshland,
tharges, v ‘ﬂu hydrologic ceqimer d Tla Everalades . ‘

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
€

ag a depth of about 0.3m. Dry season densities were greatest when the

previous year experienced a drought. Prolonged high water levels

W
extended over several years resulted in decreased fish abundance.

.




as associated with high summer water

zof uccess W
L Wood Stork neStlng s t/ The ol (aﬂ;{rva1»of

ischarg omd i ot The seoTh side
rafu-!’N"*““ wats d13ehtg closvre 21 :
levels;hm;\ high rates of drying. Before thes

_ ed
ppa in 1962, years of successful and unsuccessful nesting were characteriz

) C‘-Malv[
by different patterns of drying. These patterns after 1962

dowr Tkneaifn
red icfﬁh‘ Wty "»  brenls _
and generally £a£led_to.p;eétet successful nestlngé Only twoO success

© o NesTen . . b m dryin
ful,years occurred after 1962 and in only one of these ying

rate# similar to successfuf:;Z;re ;:ig;—%e 1962. Two other potentlally
successful yea;s after 1962 failed. This suggests that changes in the
h&drobiologlcal relations occurred within the Everglades after 1962.
\\-Fer 1962f1ack of successful nestlng can be attributed in large
part to late colong formation and the interruption of nesting by
winter rainfall. In this period colonies formed earlier in years of
_high :rflng rates. Delay 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 decllne and reduced nesting success of the
most sensitive of the dominant wading bird predators suggest
hydralogre
that recent ychanges within and near thelEverglades have
altered the historical ecologlcal conditions. Management of the
remnant Everglades is constrained by these recent changes and

the future viability of the Everglades population of wood storks

is Vurentaw weder CotrenT” comditiony-

-




INTRODUCTION
'marshland which

s a vast, shallow

The Florida Everglades i
ncompassed nearly
chobee toO the mangr

10 ,000 km2 stretching

in its patural state €

‘shore of Lake Okee ove SwWamps

from the south
" of southwest ' Florida,léO km to the south. A sheet of surface
nlmn deep flowed §outhwar5 over a

water generally less tha
gradient averaging about 5 cm/km at 3 maximum rate of about 475
Kleln and Hampton 1971) Near the
cailed T Shark Riser Slovgh)

m/day (1550 ft/day) (Leach,

jatitude of Miami, the pr1nc1pa1 Everglades dra

by \slightly higher marshland to the ea

of dendritic streams which enter coastal mangy

ted

inage |is constric
A

st and west and funnels into

ove swampSe.

a series
ivers such as the

to the mangrove—lined T

These streams coalesce in

. Shark and Broad Rivers.

TRt . - Can - .
div1ded into three dlStlnCt regions‘(Fig. AR

4| Th Everglades 5 nov
dlrectly south of Lake Okeechobee, three

‘agricultural lands
ﬁ%ter donservatlon,Areas established as water-management impoundments}

nal Park including w1th1n its boundaries the

and Everglades Natio
part of the Everglades.

reporls o s vudees
. made in 65—72 by the U.

southernmost
S. Geological

The present PPl

the U. S. Natlonal park Service. Its

Survey 2 and
purpase
1S . e Iai'.t

% ;
ivarlatﬂon in water supply;fb

imals and the reproductlve success of

f aquatlc an
Tlﬂ}

pmflcu(»rl Top aroad S

hat breed in

the production o
the wading birds t Everglg&esiNational Park.
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Water supply is critical to the colonial nesting wading birds

(ofdet Ciconiiformes: herons, ibises, storks) that breed during

wuwdeted  Preas 8% reduced To 150 lated paols awvd  f1sh bersme comcenyonlet

the dry'Season when /i
by falling water levels. The wood stork (Mycteria am ericana) is'the
species most semsitive to variations in food availability because,'
unlike visually hunting species of herons, the stork feeds exclusively
by‘non—visual, tactile methods and its feedlng eff%?iegcy is
>d1rect1y related to fish density (Kahl, 1964). Kahiizlso found that
in southern Florida this species requires the high densities of
aquatic organiéms concentrated by falling water level to
trigger and sustaln,nesting.‘ Historically, when wood storks

9% uccessful%sﬁ-kﬂg so did other species of wading

birdﬁialthough wood storks failed in some years when other wading
au e

birds were successful. Since wading birds Suneeien—es dominant

predators in the ecosystem and are adapted to the naturally

fluctuating water conditions of the Everglades; the woéd stork

is in many respects an indicator of the natural functioning and

general well-being of the Everglades ecosystem. ’““""f hv

fensonw doudmTic biolegy o e tosd Stark Jras heenm T phosized

Thiy paps

f?",

pun ik Eioclagot
i Gal RS L g ikitic LR S teay e e o i h L FTIRTY ik b s hec LA »




STUDY AREA
soufl Termmd o e Everglades

The study are2 was the
drainagé system south of U. S. Highway. 41 (Fig- 2). The}study was
concentrated " ~ ‘
| ‘the Sshark River slough L whidh
what is

originates in the marshes north of U. S. Highway 41 in
amd (Mwés Tg__»_]i_’sgi_ﬂ. “VesT conal (Fig 2 o

P e

now Water Conservation Area 3 o
‘ VSguﬂq J, Ue yl, [’L( slovah Covers 77/ /4)"72 //D»t'v(r ;“L! K'ﬂﬁ

he, ‘east of Everglades

om the rest of the southe

ae ‘ﬂd W(-Wh Slauqh)

™m Everglades

National Park andAcut off fr

by levee L-67 extension(}%&QD.

T Ch .
Vegetation of the EvergladesAgs domlnated by four plant 'associations
(1943), Loveless (1959) and Craighead

described in detail by Davis

(1971
~ (Plant nomenclature’is ﬁhat of

composed of almost pure stands

Long and‘Lakela, 1971). Sawgrass marsh,
of Cladium jamaicensis, is the predominant community'

[y

Q/n" pe ) .
At E};ghtly lower:elevation;than sawgrass marshes,

s consist of pure O aixed stands of

R

mixed marshes or prairie




herbacous plants,wieh Eleocharis cellulqsa' and Rynchospord tracyi

_dominatieg. BN
- 1y above the.

e'raised slight

\\-ﬁuldumb BRI
ood communitieSn

ing marshes avd vegetated by hardvw
i

gwamp hardwpods’

surround
Persea borbonia,

d during high water,

inundate
icaco,

iana, Chrysobalanus
e high watet level

includlng Sallx carolin
P:mamua&

Mzrica cerifera and Ilex ca551n§ v 1Islands abov
ties called hammocks uth,pd,A

‘are cove

red by hardwood communi
Bursera simaruba,

ia axillaris,

QMT ;nl
In the lowerAslough, dendritic streams

. and Lysiloma latisilique.
are

 Rhizophora mangle, Conocarpus

forest .  composed £ |
caroliniana and Chrysobalanus icaco

Celtis laevigata, Ficus aurea, Eugen

lined by river-bank

' M"l .
recta, Annona glabra, Salix
A Farlher jwiane
e \Sawgrass replaces er

erbank forest .

e southern part of the

Shark River Slough is th
(:, a»~

q

Kissimee—Okeechobe

Tirovgh T gmrs T

e-Everglades drainage system.
fml by cawrsl (an‘m?f) waln ereTrol cmsl

draivege A‘qfotm hao ben mod
omd  Wibam am»l ag/uax“wmf fﬁ*wwﬂ»

km% mr-araz&mw7 prackin g
compleTier qa e adery Ty sools i8¢ ¢
the Shark Raver slouah-

l‘nmij“bwwn‘t
Cha/nﬂ&&/ 1y Pﬂftz n Cf Soufh v A flow 7o
The history and some of the consequences of

1
ot WS Tia

w/,"c[,
e

d by Leach et al. (1971).

1AM Gyctew have been reviewe

v

o #e c/ 724 ,lnpar'fﬁh‘f

Comsenvi Flar &V 2

theer developments 4w

4]

%%

) . . . .
P ; s Y viﬂﬁﬂq‘c" h‘f’ﬁ\! Km, :? ;}:}k
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. | - METHODS

. Water level was recorded contlnuously at U. S. Geological Survey

: Siaties

| - - i i awgrass marsh in
ggg;ng station P-33 (Fig. 2) _AP 33 is locaged in sawg |
A lawd elevation

] central Shark River Slough at £ 1.6 m (5.2 ft) above

msl {mean see level). Data from P-33, available from 1953 through

1972,-Vere‘used to characterize the hydrology of ﬂ:AouThmn {Dhqnww

and serve as a general jndicator of water conditions in southern .
Florida.- .. ] ‘
T i High water
h ‘ T ' o . : . cxcerdod
years o - those in which water level at P-33 rese
Je :

2 0 m (6 7 ft ) above gSL durlng Shmmry

s The rate of water-level decline was quantified by -
s L swhith pows fram Jume I ﬁmM"/”‘/
y T e . .
calculating an early and late drying rate for Nestivg Ve Ar The early
e
drying rate is the net rate of change from the hlghest 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 1evel in January to the hlghest level in March. Note'
that these rates were applied to the calendar year in which the drypnMJﬁM‘M”ﬁ“
r A
season»occugpd even though calculations were baded in part on water

level in the previous calendar year.

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 dlscharge segments as shown




_{in Fig. 2.

a water‘flow i{ndex was established,

T determining the

these flows,.
calender YEu?
which is the catio ofadischarse

between

. ivi he eastern
Slough d1v1ded by discharge through t
iake Shark Rive'r & © which vy aoT aw?roﬂn‘t yem ol - jow J'sclwqu %Y}
{o Cypress Swa i o
part of the Big Cyp mpfe oy i S
qaws  heross Tt shrek Riw¢ ‘

These whith Plow ﬂnovqk ﬂufwa

szox 10l (;ua,ow Bere~
Density of aquatic or

with Higer pull-up traps.

mesh nylon netting on a l. 5 % 3.

and is pulled up by two oper

device'has been d
and Kushlan (1974) .

'field and later identified

?
being blotted dry. Computer
density of organisms

meter of surface area for ea

In 1965 ten traps were

River Slough,

‘marsh (Flg. 2)'7

(,Nu —"

“~—Samples were genera

month;

e

each trap was samp

possible.

communities was within the range of varia

data from all trap sites

_ were averaged to find the mean dens

31) “ y"pl‘ The

" The traps cons

escribed and discussed by Hi

.Specimens wer

5 in sawgrass marsh and

11y collecte

led on two consecutlve night

Because variation between samples

Sec

7‘3"' - mpy ﬂwl\!dlﬂ C\lba'

v womber Per vl Aree

ganismsAwas determined by samples obtained

isted of a sheet of 3~mm
0 m frame which rests on
ators standlnga - 15 m away. This

ger and Kolipinski (1967)
e fixed in 10 percent formalin in the
counted, and weighed to 0.001 gn after
prcgrams were used to calculate the avetage
- ' per square

ch sacple period.
installed in the ¢

entral part of Shark

5 in Eleocharls-RzEchosEora

d during a one-week period each

s whenever
from the two

tion w1thin each communlty,
Lt
e

er e g A 0

ity of all flSh for the perlod.

the bottom ¢ Tk marsh




.Populationl: _ movementé, and feeding areas of wood storks
o 1972 were determined by regular, generally monthly,
lades

from 1965 t
' he southern Everg

agerial surveys. The total population within t
used during the winter—-spring breeding season.. Nesting

was cens
seryation and

and success were determined by aerial ob

, numbers,
nesting success

photography. information on colony formation and

953 to 1965 was obtained from-7

from 1
_ w. B. Robertson,

7 Jf o (‘Nﬂ’lﬂﬂﬁl‘“

ﬁ"ksﬂwg)pﬁsﬂwmwj . g'breeding season was considered successful
if the huﬁbe; of young produced was great enough to sviTAw a |

—wfww~-fw~A~; stable total population through the next breeding
seasonﬁ'i'Allen's estimates of annual mortality (in Palmer, 1962)
were used in calculating population trends.




variation in rainfall,

. the water ¢

in the quan
| yearly pattern of water-level fluctuation is as follows: water 1eve;§lwy~nn@eﬂ
) ( ter lfvels dechr’c 5Iowl pred iprequinrly 4t fuest) bal
magorgune Ton perk oetober. Theeof choey slold gy A4H0 54T
N accolernit 1w T SPrI™ Levels

cg;tinue to dec{ t untﬂ.theAralny season st:arts..:«7

! ,-,»w‘“‘/

e e v“"““""“ﬂww ‘«HWW -

///'“,

~—

, variation in the distribution

progresses,

water level throughout the sou

surface flow decreases and finally ceases,'
marsh bottod becomeg*expose

and west, and drying prog:esse

lonﬂf\ué wa ! y

s g 0

onservation'areas

tity of water in th

This temporal pattern o]

evapotranspiration

RESULTS

eVapotranspiration

wab
and overland,flovw from

results in seasonal changes

e southernvaergladesl The general

£ waterrlevel fluctuation causes 2 spatial

of surface water. As the dry season

causes a decline of

thern Everglades}

twcreasialy

d along the higher land to the east

s inward from the lateral edge amel
frem Loth  fle north anct e SeoR ¢ )
: //////,

dlscharge from Water Conservatlon Area 3 SusTaivs

~—

Dry season

i 0 e lian s e A e F Y 20




o v : . , - - longer T
smwowdnFion sovthwesT 4 L7 -

" .than would otherwise occur.

i

[ e A S ezt

(I‘ After completion of The levee or The SeoTh Side % ConsorvaTior Auc 3 20 1962

water-level fluctuations in Shark River Slough were

Chused by - variation in rainfall and variation in controlled surface-~

Tarooqh Taleves e e e
water discharge/into the slough. 6rephs sorfoace flows Through

Jhe enszerm
Big Cypress Swamp omd  §lows w70 7 eaoler amd Contrak PM,?;af Ty shak
Biwer slovah for 194%0-72 ae ghown e FI? ¢, UnTil 1462 72_1 Bre (y;e/:;a

amd  Sho K Biver P lows were com pareil -

Thereafter, surface flow into the upper slough

‘was eliminated ,bvT low ~ ’dischargescontinued by underseepags
: [F»g)) V ] . )
alowy ~ the levees, Flow was also reduced in the central slough
o wh>
v tow rain fall yeard 4, 1962 to 1965 but,increased in later years.
To determine the significance of these ~ changes in surface

.flovp’ prifzros ) R CompAmsom was  Binsie

belweem reces? confrolled Foerqigedes fisws Doz

Varcompeatled Thows . 1V e By Cypeess Swnm p . This can be done because

of the high correlaticn of annual flow g_hrough the eastern Big Cypress

TR - i b bR st ol
{eddts T I T T L SERLNORIE R ik R Silicilti it




i it a8 e Rk SRR

Swamp with flow into the sﬁuthern Everglades (r=0.93, p{0.01) For The /umv}t
1940 to 192%%21;:(0)45tio of Everglades to Big Cypress ﬁlow was
| 0.58 (SD=0.17)‘ vfor the central slough and 1.07 (SD=0.88)
for the easire/ éiough. .
ﬁe surface-v;ater flow into the c;entral siough expfessed
‘ in t;ms ‘of’ this r:t;hitx" - ﬁihough flow was reduced in 1962-65, these'were
( dry years, and t';he index of surface flow into the Evgrglades relative

to the Big Cypress Swamp Was similer 12 7alues

before 1962. With tl;xe resumption of discharge in 1966, however, surface

"flow into the central slough’ wes -greater than what  Jie
woold hest beew e . . __m”_%v‘-? - -
natural flowj\& fave years, 1966, 68,”69,”7(} t-test, p¢0.05). e '
‘ ‘ o —~—~ o
The increased ’ : surface flows inf?jj’ﬁaars after 1962 were-
e\\-«rf";

due primarily to water control. Water that under natural conditions wod/d haw

flowed into the entire slough was directed into the central

slough while discharge into the upper slough consisted only of seepage.
Awerted Taere for

The increased flowj\ into the central slough can maintain high 1evels/1‘ .

prolonged  prriads.




) ' . Wood Stork Pogulation

tork population, referred to

The southern Everglades wood s
-
1 (1964) as the ' Everglades—mangrove popula

tion", consists

by Kah
eeding in colonies at the margin of the southern

"~ of those birds br
erglades

Everglades. Informatlon on this population pefore EV
National Park was formed in 1947 is scattered and incomplete)
But Holt (1933) reported ;50,000

By 10, The popolaTion sTecd ot (200 and F

orks in a single colony in 1933.

vrthn decline

occurred dormy T 4608, BY 1965 the

southernrﬁverglades ; poPulatlon had decllned to 5, 200 and by

1972 to 1,800.

s did not breed successfully in all years even prior to

‘ - Stork

v.‘..
extensive habitat changes, being unsuccessful injyears

bred successfully in (¢ 9
. years from 1962 to 1173 (Table

N storks . years from 1953

of

to 1961, but did so in only 2
‘ Iowitoeing
(1965-72), there was only

1). During the period of fish

l

 guccessful year (1967) ..

Wood storks disperse ‘northward

plain in summer. Theb return

throughout the southeastern coastal
to south Florida in fall generally N0¢Mmhh (Palmer, 1962, Kahl,

1964). On returnlng)they feed in a predlctable sequence of




utilize drying ponds and marshes within the

locations. They first
e through December. Feeding

coastal mangrove zone, remaining ther

move toO the drying 1
storks‘feed along the

ower part of Shark River Sloughe.

- gtorks then
drying la;eral edges

Later, in early spring,
al slough pool porth of the

a residual centr

lough,
The #evTh s1de a} 'Water

of the centralvs

in recent years,. odemy

ridge, and,
_ Conservation Area %A'
he southern Everglades ta

1

Nesting in t kes place in the winter

Before 1962, colonie
lony formation became incre

March (Fig. 6).

s formed in November and Decembery bo?

and spring.
asingly irregular

After 1962, the time of co

ranging from December to as late as

no year in which colonies

formed as late as January has been

ﬂnouqh l‘! 73,
* guccessful. Years when colonies formed in December were successful

- about half of the time (Fig..6),




Wood Storks and Water Cond:Tisly

Since the nesting success of wood storks is apparently predicated

Tl)n,., ]amupaz;‘

.p .
on colonles forming 1-& November or—Derember (Fig. 6), it is 1mportant

whetie. weirelonge Re 71rmitin o
to determine the-envxronmenﬁa—l parameters affectmgﬂcolony formation.

@\tile B;;Cypress Swamp;/wood storks begin nestlnél when the water

leveLp fallsto a specific point (Kahl, 1964). Wood storks nesting in

the Everglades show no such correlation. As demonstrated in Fig. 7,
jo By tewteal shough ‘
water level at the reference statlog{ varied 0.7 m (2.29 m to 1.59 m)

. during the times of colony formatlon. ;7

.

N . reaaomndle 7o suspict
<1t is pessibde that the timing of colony formation may be

related to the rate of water-level decline' during the dry season.
<uch
Atthough Exere is nojcorrelation befene 1462 Simee Colowics 1C0r'm¢ 1 Moven L mAD““"*‘“

srrespective  of deyimy pete . PETer 146 2,
early drying rate was 81gn1f1cant1y higher in years when colonles formed

in December than. in years when colonies formed later (r=0.64, P{0.05) :\,

(Fig.3®).

. - e Tt oL s o R

oo

L OLE thes roncinhm between the rate of drying and,\cc‘flony

formation is meaningful, it ey be related to changes in

Surdece{ 1, : :
the,system after 1962.




s by nesting wood storks is apparently also

Desertion of colonie

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

"Desertiop o
n water 1evel: grester—

information is adequate)correlated with rises 1
However ’

Zem ov M 4
(Table 2). aPesertion in response to such water

RAfter 2 morhi,

1 rises occured only within the first 2 months of nesting.
7o el For e lawg &g Ty Cow Jocode focd Sovraa:

apphresTly Corslinve
olonies due to relatively small rises

jon of nesting ¢
' that
why'coloniestormed after December have failed.

leve
Nestivg STeeKS

———The desert

in water jevel suggests
Wood storks raquire approximately Y monthsAto fledge young and
insufficient time for developﬁent prior to

ies formed late have
r levels and inevitably

colon
o
the onset of the rainy season which rises wate

causes desertion. It seems possible that colonies formed as late as
late January could succeed prior to the rainy

- : 3
geason, but antil 1972




after 1962, colony formation are

In that colony desertion and,

1e that Mood Btork
1w Ap souflsn Svmglod
water conditiong(. In an

gic pa;'ameters, it seems probab

)

correlated with hydrolo

nesting success is also related to-

attempt to discern such a relation,we used 3 parameters to describe the

temporal variation in water jevel: 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, thu relation was straightforward: stork st faik d 1r low water years

yoars : o
buT gewecally wAS suecess $ol mphigh winter water levels and high dischargCege The

lntter relation

WHd f"i.rs*;.pI oted by Robertson (1964). After 1962, however, this
VY both high water

relation broke down: stofks fajled in the three years

level and high discharge ond they successfully nested in two years of

1ow water conditions. This strongly suggests That the hydro-

biological system - ksupport“‘“i‘-verglades wood storks —umdiwer? ¢ hange ﬁa%"”‘ .

Analysis of the third parameter describing water level fluctuations

is more complex. fe overatt reliken I3 Thet §uccessful years

generally had higher drying rates than did unsuccessful years (means

different, t test, P<0.01, Table 3). A more detailed analysis is shown in

a :
Fig. ¥ where the late drying rate is plotted against the early drying

rate for each year of record. Plots of successful and unsuccessful years

{
Sam shown as shaded polygons, which

pefore 1962 #rem 2 distinct clusters,
ng rater (t test, P<0.05). (The single exception V
3

differ in mean late dryi
ter because of water level ()ﬁq

to the pattern, 1959, is out of its proper clus

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

o



soh of later years to base line data from pefore 1962 shows

Compari

that the drying rates of most unsuccessful years continued to fali within

r for unsuccessful years before i962. However

or close to the cluste

The unsuccessful year of 196§:v% considerably

four years are anomalous.
ates for 196é and 1971 were similar to

o
devifnt from other years. Drying T

put in both these years wood storks failed.

pre-1962 successful years,
' 11967 were gifferent from all other
v

Drying rates in -
produce&successfulﬂﬁfW?ta”W w 1163

nssoscigted wITh  pucck vl
pefore 1962 wveh rates

b

(t test, P<0.05),
pre-19é2 avecess{el years
be noted from Table 1,

guccessful years }
e Qrywg raly Stmile; To Those ef
nesting. However, as can

in high water years whereas 1963 was a low water year.

were produced
that successful and unsuccessful

These results show,first of all,

962cm«bc -haracterized by how fast water levels dropped in

To alerlevel a/hcltllstlﬂﬁ”?’(‘

years before 1
non-conforming results of later years

. 1o add Ttow
the nesting seasonp However the

PR ¥

further supports the idea that the hydrologic system has undergone profound

changes in the interim.




Fish Populatlon

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

(Fig. iZ). As water levels ffll, density of fish at the trap sites{v‘
| " increased to a peak in January and then declined as
water 1eve1 chuwd fyefn  The occurrence of peak fish den51t1es
during.moderately low water levels is apparently caused by the
movement of small £ish to deeper areas well in advance of the drylng
© edge of the marsh. Such peak densities occuééd when water depth

in the marshes reached about 0.3 m (Table 4). This wave of densely
. concentrated fish apparently moves across the scuthern part of the
Everglades until £ish finally become concentrated-ln localized
depressions. Such movement of flsh during periods of drying was shown

b &MH&V\ (Hi«)

previouslyhfor a pond in the Big Cypress Swamp . ' but

g A
:hﬁee movements were more limited.

To analyze how water level correlates to changes in fish density
» it is necessary to first examine the water

o | '
jevel fluctuations, QX'srnn,u p-23 ( Fig. 1@} 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 hlgh

Both -
surface water discharge discussed . earller (Flg. 4). A The prolonged

wet perlod amd xhe drought affected flSh populations during the

-

study. Fluctuation of fish density 1s’also shown in Fig. 1{ which

demonstrates how density increases when water levels drop.

r«s,m s 45-«: S g “w;v‘,-k."‘.f}.;‘- vy




'Since fish den31ty varied with both water level and time ,

i
of year, density at different times can be compared directly only if %
the dataiare from the same time of year, at approximately the same %
water level, and at a time when water Jevels are changing at similar .

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

several years

(Fig. 18). Fish densitiegﬁduring the summer of 1966 and 1968{’both

T _.,M,/

following droughts were“relative1~_hi\h, 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) summe? (Table 5).
' Additional evidence of the decline in;fish mpﬂnhnhe;iended 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. 1!). This may be contrasted with the high densities in
1972 whicn/following the 1971 drought/reflected the return of typical
conditions}1 These.data indicate that the abuvdany - Of » “‘fish decline
during continuous high-water periods and increase égbq' iroughti
These results do not support previous hypothes}s whlch predlcted an

{ncrease in the density of fish during continuously elevated water level

(e.g-» Kolipinski and Higer 1969).

“
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Wood Storks and Fish Availability

Of the several feeding areas used by wood storks,

15 Availakle
information on the fish populations, only inf the Shark River Slough.

<This is: howejeg, the most critical area because storks feed there when

\q\/‘

securing food for young in the nest, the period of highest energy demand.

yood storks feed durlng periods of falling water

: |
levels when fish densities are increasing (Fig. 18). 2torks usually
. Z

feed at a water depth of abeut 0.3 m, the depth where fish are maximally
concentrated (Table ﬁ4). Storks feed on this dense wave of fish while

the sleough dries and continue to do so as remmant fish stocks become

concentrated within topographic depressions.“>

o

e

,(&he result of thisvpattern of fish cpncentration is tﬁat highly
concentrated food supplies are generally available tc storks feeding in
the slough througheut the mid-nesting period. |

The prolonged wet period from 1968 to 1970 resulted in a 47 percent
decrease in the standing cfop of fish in central Shark River Slough
(Table 5). Since the anelysis of drying rates (Fig. gB) suggested. that
19?1 probably should have produceq successful wood stork nesting, the
feilure may have been caused in part by lack of food. If so, it wae
probably due to the combined effects of high\water from 1968 to 1971
and the reduced inflow of fish into Shark River Sleugh from the eorthern

-1

Everglades and previous tributary areas to the east.




. DISCUSSION

Requiremenfs for Successful Nesting

. Wood stork colonies in Everglades National Park are fully protected

. . | Vel
.and : thus disturbance As)a cause of

nestiﬁg failure. Nor éoes the species,movementé or residepce during the
nonbreeding season appear to be a Sovro of huh mataliry because the population
rrefurﬁs tp south« Florida each year in numbers which ¢orrespond

to the previous seasons' reproductive output , I&_is poésible,h“ng

that the nutritional condition of returning storks may bethan :7

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,yb,wmuu;

¥;]

Pecr Seewep . pers. comg(). We suggest that nesting success and failure in

?

most cases ou related to the abundance and availability of food in the
supportingrsystem, a view consistent with the proven sensitivity of
wood storks to variation in food supplies (Kahl, 1964).

The Qell documented dependence df southern Florida wood‘é;orks
on concentrated food supplies (Kahl, 1964) means that feeding success
is determined by the interaction of two - {acfors v Q: 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 feeding areas during

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

winter when water in the Everglades igftop deep for feeding.  Later

L]
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movements to the Everglades and within the Everglades_alsovfollow the

pattern of drying.
_ . ,
Storks move into the Everglades during and immediately after
, N
colony formation and continue to feed there as the area‘progressively

.

.

dries. In the Everglades marshes,
maximué density is reaehed near o
the depth at which storks feed. Véto;ks feed on
these dense fish concentrations and move w1th the wave of migrating
. organisms as the £v£f°\\”mdr1es.
-— This patterm of food utilizatioﬁ suggests why drying rates minh t
w'ﬂm?mJ To NesTiiy SvEEsav: \
be importan/ﬁ Flsh in high densities must be available in Shark River .
£§J%§Z;i ﬁlough over several months, it necessitates continual concentration
along the drying edge and ultimate concentration in residua1 pools.
This iequires a drying rate sufficient to maintain a weve of concentrated
fish over a relatively long period of time. Water-level rises, whether
due to sh;;tt;rm rainfall (Table 2), beginning of the rainy season, OT
increased o;srerland flow due to surface w.ater discharge,'\dispersgni M
concentrated fish.and-shus—&eereeee-iish;daasisy and as a consequence aﬁuﬁ
ifeeding efficiency of storks.
The drying rate in the Everglades and k probably through—
out south Florida wasf'"“"P'J in years‘when wood storks bred successfully
‘than in years when breeding was unsuccessful (Table 3). Before 1962,

-l
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successful wood stork nesting was characterized by high drying rates k

late in the nesting season (Fig. é;) 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 years (.

»

M,L meé«! s low Wedea ;Jmucra,&lel)t

Changes’ in the manner and extent of surface water flow into the ' ' !

southern Everglades after 1961 (Fig. 4, 3), discussed in the next.

section, have affected wood stork nesting success. In the

2
,l—year period after 1961, wood storks bred successfully in only

1963 and 1967 . IT‘W-?. |

Of.the successful years,ronly 1963 had drying rates similar to

successful years before 1962. fs rates in 1967 were very different

from other successful years. However, 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 ‘q¢2

e This 1mp11es that the entire system was changed

Thes
after 1962, ,can also be seen

in the relationship between drying rates and month of nesting (Fig. 9).

T e &fter 1962, higher early drying rates were correlated

with earlq» nesting. Before 1962‘ this relationship did not

hold. A ) . .

Whereas water conditions which produced successful wood stork

ot




nesting before 1962 were relatively straight—forwaro/(kigh water

hgh t‘whma&
levelq,and high late drying ratj) conditions producing successful

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

" w  low water years: "~ one of
ybhh had highly atypical drying rates.
It is apparent fmm Fiy ¢ ; that nesting failﬁre after

w poaT
1962 was|associated with late colony formation which did not allow
ond the'refure that
sufficient time prior to the onset of the rainy season\qQA major

requirement for successful wood stork.nesting is early
Thet o
colony formation. Historically no nestingi 5m3wﬂ after

December has succeeded although, based on the length of the nesting
, period, colonies formgd as late as the end‘of January could

theoretically succeed. The factors affecting early nesting are not
‘certain)ﬂﬁﬁhe correiation between high early drying rates in Shark.
River Slough and early nesting (Fig.¢#) is compelling.  However, this

10 So5on

relation is meanlngful only #p—me=fsx as the data from the slough
reflects conditions throughout south;;n Florida}since storks are not
utilizing the sloughﬁgﬁzsgszost 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 undoubtedly due to failure to

attain a suitable nutritional state because food serves as the

proximate stimulus in initiating nestipg (Kahl 1964). If colonies




’

are to form aé'early as November, storks ﬁust begin nesting soon

after they arrive in southern Florida. »Either a suboptimalvnutritional
state on arrival; failure to obtain enough food in November—Januéry)
. or both,are the proximate causes of délayed nesting. More informatidn

/

on the food ecology of wood storks on their summeridg grounds and

jmmediately after arrival in southern Florida is clearly indieeteds™
: ' ' a . !




flow was low due to reauction of discharge. This occurred during dry

_years and con;lequently annual flows did not differ Irom similar drought

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

Relakon g' weod  STorke b wols dupplics

‘Water conditions and wood stork nesting success in the Everglades

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

SovThsid e o/ Comserdntiorr Aread .
years prior to #e closvre ¢ ﬂ‘/\ In fact wood storks bred successfully

prc clesore years of successful breeding (Fig. ]#) What was un-

usual is that these condltions occurred in a low water year.
. River Sfovak Jecraind

Discharge 7¢ M. shark o, after 1965. Howeve 71, legw.buhw 4

e

Llow differed { rom PAsT Yerrs becawse — >

\

‘. surface water wua dives1d’

into the cewrrot Shark River Slough (Fig u)s —

Py
i

emi

™~ and 173
In 1966, 1968, 1969,9!!(1 19701this .

flow ¢x ceedld 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 He-
expected ywdea  mew courrolled Com diTrows (Fig. 5).
Water levels and drying rates are determined by che amount

of surface water discharge and its timing. Decreesed drying rates




can be caused by the continuation of‘excess flow into the dry season
when watér levels would ofherwise - be dropping. The correlatién of
high drying rates to wqodAstogk production suggests the importance l
of the timing of disCh;rge as well as the amount. : §
That thg rate of water level recession and'nqt’absblu;e water ?
level is important in the Everglades 1is soméwhat unexpected iﬁ light

_of the findings of Kahl (1964) and Kushlan (1972) 4=& that, in the Big

Cyp:ess'Swamp, wood stork nesting and feeding of wading birds on

concentrated ﬁish stocks both occur at specific water levels when fish
become access%gle. The difference between the Everglades and Big
Cypréss Swamp is probably due to the nature of fish concentration in
the two areas. In- the Big Cypress Swamp fish become concentréted in
- highly locélized‘and relétively small depressions where feediﬁg is
‘dependent upon the water becoming 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 dver a range of falling water levels. |

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

marshes, levees adm The north edue b He vppn slassh and nlowg He rast buewdry
? 7 ¢ ¥ T

. by Colliog 248 fuh mavomen .
of te parnk (Fyg2) may havenffeded wrimg buds 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 svpply is its effect on
the fish populationé which are the important intermediate links
w the Everglades food chain. The extended high water period

’ 1
from 1968 through 1970 (Fig. 1%)

led to a #7 percent decline in :Fih Abswdang 2 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.

T
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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 nesting

V%' success and, as a result, a marked‘ ACCAuMu in  Numbers

% reachuwy an especially critical point bg e enrly 19704
: The PopPvlatiom pMymbised : @’V"‘

i Aﬁnly l ,800 birds down from tens of thousands its height.

A ‘ : .

g ]Pninecess1uy 70 undefstand the factors involved in successful

; reproduction of wood storks not only bewmw: 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 parpow  water level and food relations is greater

only by degree than that of several other once-abundant species of
- which

ciconiiforms (snowy egret, common egret, white lbls)A comprise an
important segment of the dominant carnivore trophic leyel 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 populatlon

R

decline coincided w1th.(z§:e:za»7az
. G S,

pe r»afhzrg.d

e,
Vibar ¢xShivsior (nto
- /-»“"’.""““"‘"“‘ asta "

- Shans r

_wetld Ads : wt mmvm,wm-m =
L WA S
: - /There is little doubt that drainage and loss

of habltat c01nc1ded w1th and impelled the decllne of all southern

¥
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Florida wading bird pbpulations after the 1930is 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 east coast (Fig. l)‘decreased
feeding areas utilizable when water levelé in the Everglades are too
high for efféctiﬁe feeding and also décrease&?tributary area of regions
such as Shark River Slough. If.our hyp&thesis that fish move long
diséances.during periods of lowering water level is correct, loss of
tributary areas decreases the food available ering the dry season in
Shark River Slough.

The extremely sensitive food-water level-breeding relation of the

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

However, its recent history suggests that /under present conditions)the
A

may be -
species -ill-adapted for surviva

. Certainly loss of habitat has
irrevocably alterea the patural system to which it was édapted.
Management, especially water management, in an attempt to supply
habitat conditions for the most sensitive of the wading birds is .
ecologicaliy 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 de—czpabiToi— i

- supportsss a stable population. The resolution of this question must

await more detailed study of whether supplying proper water conditions

is sufficient to bring about zucceésful,hesting.

-—
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' Table 1.

unsuccessful nesting season

Water conditioms and nesting success of wood storks
in the southern Everglades 1953—73. )
General Water “Conditiowi

Year of Nesting' . Water L,e'{f,':, Dischacye - -
Nesting Success® \ :

1953 + High Hith

1954 + High High

1955 + High High

1956 - ’ Low-* low

1957 - Low Low

1958 - - High Hgh

1959 + High =~ Hub

1960 + High H,:g%

1961 + High Mg

1962 - Low Lew

1963 o+ Low low

1964 - Low Tlow

1965 - Low Low .

1966 - Low Low

1967 + el Low  HHh

- 1968 - Low Low
1969 - - High = Hm

1970 - High b

1971 - Low High

1972 - Low High

1973 - High High
+ = success ful nesting seasom, (-

-t




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 Co occurring in the:
short—-term nesting . :
rise storks First Second Third “Fourth
month  month month month
of of of of
nesting nesting nesting nesting

desertion 0 0 0

Less than
3 cm

no desertion

desertion
Greater than
or equal to

3 cm

" no desertion




Drying rate

s in years of successful and unsuccessfqu/
A3

wood stork nesting

High water successful

Low water successful
Low water unsuccessful -

High water unsuccessful

(Nov-Jan) + (Jan-Mar)

* calculated by.

x* gignificantly different (t t

. Average early
drying rate
Nov=-Jan
(cm/day)

.23
14

.15

est, P¢ 0.01)

Average late
‘drying rate

Overall Average*
drying rate

Nov-Mar
(cm/day) .
022 )
) L 22%%
.20 )
A4 ) o
’ ) .12
l08 )

4
i
3
i
H
i



Table 4. Water depth at peak fish density in

oovThery Everglades M arshes

Date o ‘ ‘ Depth ét
© Trap site
(m)

11 Jan 1967 0.24

7 Dec 1967 ' 0.28

6 Feb 1969 0.31 ’
24 Feb 197i 0.27

22 Feb 1972 0.28

meaw : | 0 2¥
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Table 3.

Density of fish in 00vThe i {oerglady

Summer

Aug 1966
Aug 1968
Aug 1969

Aug 1970

Water Depth
at traps (m)

0.68
0.78
0.73

0.63

1 during summers -

Density
(fish/mz)

8.9
7.6
5.9

4.0

similar water depth.
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