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SUMMARY

The Everglades is a seasonally fluctuating wetland, typically
experiencing a 4-6 month dry season in Spring. Ciceniiform wading
birds are characteristic species of the Everglades, and one of
them, the Wood Stork, has decreased over the past three decades
owing to repeated nesting failure. A study in 1974 showed a
positive correlation between the rate the marsh dried and time of
nesting (and therefore nesting success). The White Ibis, too has
been shown to depend on water level fluctuation. Based in these
findings, the current study explored the hypothesis that
hydrological conditions c¢orrelate with the nesting success of four
other wading birds (Great Egret, Snowy Egret, Tricolored Heron and
Little Blue Heron. ' '

Foraging sites changed seasonally and from year to year,
depending on the pattern of water level fluctuation. Only
moderate levels of food were required at these sites to support
feeding outside of nesting. During nesting, the amount of food
available correlated with nesting success, successful nesting
requiring higher concentrations of food biomass. In all cases
herons could feed only in shallow depths. Thus they require
shallow depth, high food density, brought about by falling water
levels in the drying season.

A‘goglqofﬁgg study was to find a method of assessing nesting
success. Residual analysis of growth rates proved to be an
economical, useful, and statistically analyzable, and is
appropriate for use in a monitoring mode. It is based on creation
of a model that accounts for intrinsic growth factors, leaving
environmental variables to account for variation from the model
prediction. A primary set of environmental variables can explain
over 60% of the residual variation and can be used to classify
nesting episodes into success categories with high accuracy.

Very importantly residual growth rates correlated with four
sets of independent environmental variables measuring water depth,
water level recession rates, food availability, and food
consumption. For all heron species, the shallower the water
depths and faster the Everglades dried in the dry season, the
better nesting success. Also critical was the amount of food
available, and additional variables for the various species. This
result is consistent with those for Wood Storks, suggesting that a
management plan could be devised to accommodate all six species of
wading birds. Although the series of analytical steps was
complex, mangement implications are elegantly simple. Barring
heavy spring rainfall, successful wading bird nesting requires
maintenance of a succession of feeding areas of 15 cm depth
through uninterrupted high recession rates from February through
the beginning of the rainy season, about May 24. An example of
this pattern of drying may be seen in 1981 in Conservation Area 3,
where it supported the best nesting episode during the study
pe€riod, Effectivenesswoihmagggggggy action to enhance drying
rates ‘can be predicted of evaluated.by statistically testing

+ residual growth rates. =



INTRODUCTION

Several species of wading birds, including herons, are
thought to have decreased in population in southern Florida over
the several decades since the dedication of Everglades National
Park in 1947 (Robertson and Kushlan 1974). Although definitive
historical data are limited or lacking, all available evidence
suggests that substantial decreases have occurred, at least in the
past two decades following the institution of management of the
surface water flowing into Everlgades National Park. ©Such a
decline has been documented best in the Wood Stork (Mycteria
americana) (Kushlan and Frohring 1986, Ogden et al. 1987). The
collapse of the southern Florida Wood Stork population is clearly
related to the effects of drainage and water management (Kushlan
et al. 1975, Ogden et al. 19878, Kushlan and Frohring 1986, Ogden
et al. 1887).

The changing population status of other wading birds is less
well documéntable, but it seems likely that other species nesting
in the normal spring dry season might also be affected by changes
in the hydrological regime that determines habitat availability
and foraging effectiveness. The focus of the current study was to
determine patterns of habitat use, prey consumption, and nesting
success of four species of herons and to seek relationships

between nesting success and environmental conditions.

Heron species studied were the Great Egret (Casmerodius

alba), Snowy Egret (Egretta thula), Tricolored Heron (Egrettg

tricolor), and the Little Blue Heron (Egretta caerulea). All are

long 1eé§ed aquatic Birds that ﬁest colonially (see Hancock and
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Kushlan 1984 for an account of their general ecology). In %hgﬂ
southern Florida, they often nest together and feed in the ™
interior and coastal wetlands, including the Everglades marsh.
Our study was conducted in southern Florida in 1977-1981. The
study concentrated on birds that nested in the spring drying and
fed in the interior Everglades of Everglades National Park. For
comparisons we also studied colony sites in the Everglades of
Conservation Area 3, the Big Cypress Swamp, and Florida Bay in

some years.



STUDY SITE

The study was conducted in southern Florida, in and near
Everglades National Park. From 1977 to 1981, eight colony sites
were studies, the locations of which are shown in Figure 1. Not
all sites were active or were studied in each year. In most
caées, nesting occurred from March to early May. However some
nesting episodes are distinguished by occurring during and after
the onset of the rainy season, in April or May (Table 1).
Overall, we studied twenty-one nesting episodes, which are
identified by a code that includes a two-letter colony site
abreviation, year, and in some cases a letter, the latter
distinguishing between drying season (A) and post-drying season

(B) nesting. These are shown in Table 1.

Hydrological conditions varied seasonally, from year to year
and among the various feeding sites chosen by the herons. These
differences constituted natural experiments on the impact of
hydrological‘parameters on heron nesting. To evaluate
hydrological conditions during the study, we examined data from
three monitoring stations. P-36 in Shark Slough in Everglades
National Park reflected water conditions affecting habitat use and
food availability near Lane River and Rodgers River colony sites.
OT, in the west coast headwaters in Everglades National Park near
Indian Camp Creek, reflected hydrological conditions in the
feeding areas used by birds from the Rodgers River colony site. G
33, in the northern Everglades in Conservation Area 3, reflected
hydrological conditions in the feeding areas used by birds from
the Andytown colony site.
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The annual patterns of water level fluctuation are shown in
Fiéure 2. In 1978, in the southern Everglades drying began early.
By February water‘depths were relatively low. In the northern
Everglades, water levels remained high throughout the spring
because drying was interrupted in both February and April with
rising water levels. The general drying trend continued, however,
into ggxnay. Water levels rose in June, during a small renesting

attempt.

In 1979, water levels fell smoothlyﬁin the southern

-

Everglades{énd reI;;;;;i;w;épidli}ﬁ On April 24 nesting was

abruptly interrupted by”héévymfé;ns that elevated_water levels.
In:Shark Slough colonies, two nesting episodes were recognized,
before and after the rains. In the Northern Everglades, water

levels decreased after March.

In 1980, water levels were higher in February than in the
previous two years. The recession was intermittently interrupted
by water level rises throughout the usual drying season. Nesting
began in April and as late as May. Watef levels remained
relatively high throughout the spring, and rose even higher in
June. In the northern Everglades, water levels also started high

in February decreasing slowly to April, when they increased again.

In 1981, water levels began high'in February and increased
further in mid month. This event was followed by an uninterrupted
drying, but because the recession began from such high levels,
water was still relatively deep in May. As a result no nesting
took place in the southern Everglades. Water depths in the

: northern'Evergladgsabegan in Febfuary at relatively low levels in
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February and an uninterrupted recession continued through the end

of May. As will be shown beyond, the pattern of hydrological

fluctuations at G33 in 1981 supported the most successful nesting

of the study period, and represent a model seasonal fluctuation.




Table 1. Nesting episodes studied.

Colony Site Year Abbrev. Nesting timing Species

Lane River 1978 LATS8 Spring GE, SE, TH, LB
Rodgers River 1978 RO78A Spring GE, SE, TH, LB
Rodgers River 1978 RO78B > April SE, TH
Frank Key 1878 FR78A Spring GE, SE,

Frank Key 1878 FR78B > May GE, SE

Sandy Key 1978 SAT8 - Spring TH

0il Well 1978 OW78 Spring LB
Lane River 1979 LATOA Spring GE, SE, TH
Lane River 1979 LA79B > 24 April SE, TH
Rodgers River 1979 RO78A Spring GE, SE, TH
Rodgers River 1979 RO79B > 24 April TH
Andytown 1979 ANT9A Spring GE, SE, TH
Andytown 1979 ANT79B > 24 April GE, TH
Frank Key 1979 FR78 Spring SE, TH, LB
Heron Hammock 1879 HH79 Spring TH, LB
Reed Pond 1879 RPT79 Spring TH, LB
Lane River 13980 LA8O Spring GE, SE, TH
Rodgers River 1880 RO80 Spring GE, SE, TH
Andytown 1980 ANS8O Spring TH
Heron Hammock 1980 HH80 Spring TH, LB
Andytown 1981 ANS81 Spring GE, SE TH, LB

1
Abbreviations are: GE = Great Egret, SE = Snowy Egret, TH =
Tricolored Heron, LB = Little Blue Heron.



Figure 1. Locations of colony sites studied. HH = Heron
Hammock; LA = Lane River; RO = Rodgers River; FR = Frank Key;
SA = Sandy Key; OW = 0Oil Well; AN =
Andytown; RP = Reed Pond.
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Figure 2. Water depth fluctuations in February-July in the
four vears of the study, 1978 (=8) - 1981 (=1). Page 1l: P-36
Shark Slough; Page 2: OT = western headwaters; Page 3: G33
Conservation Area 3.
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tidal fluctuations, in addition to seasonal fluctuations.

In January 1981, we undertook a more extensive census over
Everglades National Park, the Big Cypress Swamp, and the
Conservation Areas. Although the coverage was not complete, it
was exhaustive. Data are evaluated only in comparative sense.
Counts of nesting birds were also made on the ground at the major

nesting colonies in the Park (Fig. 1).

FEEDING DISPERSAL FROM NESTING SITES

The feeding sites selected by foraging birds were determined
for herons nesting at the two major colony sites near the southern

Everglades (Shark Slough), the Lane River Site and the Rogers

} W'
River Site (Fig. 1). Flight lines and individual birds flying ;4ﬁd*,j

from the colony were followed using fixed-wing aircraft.
Altitudes of 500 ft were maintained so as not to disturb the
flying birds. When the birds landed the location was noted on

suitable maps.

STANDING CROP SAMPLES OF PREY ORGANISMS

Access to feeding sites was gained by helicopter. Feeding
sites were found by following birds from their colony to feeding
sites and by revisiting sites found on fixed-wing surveys both
during and outside of the nesting season. In each case the most

heavily used site was selected for sampling.
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The availability of food organisms was determined by
enclosure sampling. In marshes and shallow pools sampling was
accomplished using a 1-M 2 throw trap following the protocols of
Kushlan (1981a), the efficacy of which has been demonstrated by
Jacobsen and Kushlan (1987). Sampling in streams and deeper pools
was accomplished by blocknetting. The sample area enclosed by a
block net was poisoned by rotenone, and fish collected over a
period of several hours (Thayer et al. 1987). Water depth was
recorded at each trap site. ' Fish and invertebrates were preserved
in the field. In laboratory the specimens were identified,
measured, and weighed. The mass of specimens not weighed directly
was determined by the meristic equations provided in Kushlan et
al. (1986). Availability was expressed as number, live weight
mass, and mean prey length and evaluated in a comparative rather
than absolute sense. As it is impossible to obtain availablity
samples prior to the bird s choosing a foraging site, in each case
food availability samples were affected to a greater or lesser
degree by previous consumption of prey. As a result they can
provide only an indication of food available at the time of
sampling, not necessarily that available when the birds first
chose the site. For multivariate analyses the average number of
each species of food item per m 2, biomass per m 3 and length data
were log transformed (Gauch 1982). Data on percentage composition
were arcsine transformed. The patterﬁs of prey availability at
sites were determined by cluster analyses uéing Euclidian distance
and the relationships among prey abundance and habitat variables

were determined by factor analyses (SPSS, Inc. 1983).
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FOOD SAMPLES COLLECTED IN COLONIES

When handled by investigators, herdns often regurgitate their
recent meals. These regurgitants were collected as available,
preserved in the field, and the dispensing bird species was
recorded. The propensity to regurgitate differed among species,
colonies, and bird age and condition. As a result the sample are
not consistent across colonies or species and are evaluated with
respect to relative composition of prey items, of each heron
species on one day in a colony. 1In lab, the prey species were
identified, and whole items were weighed and measured. The length
of digested items was estimated and mass determined following
Kushlan et al. (1986). For multivariate analyses, length and
weight data were log transformed. Percentage data were evaluated

as both raw scores and after arcsine transformation.

WEIGHTS AND MEASUREMENTS OF PRE-FLEDGING YOUNG

Nests were marked when found and contents were recorded.
Young were banded and marked with indelible ink. The culmen was
measured in cm using calipers. Birds were weighing with a Pesola
scale. Surviving birds were remeasured and weighed during
subsequent visits, approximately five days apart. Growth was
expressed as change in mass per day (gm/d) over the measurement
interval. Absolute age was available for only a few birds, as it
is not possible to estimate age of a bird accurately without
knowing hatching date. Consequently we evaluated growth of birds
in various colonies and times by constructing a multivariate

regression model of daily weight change vs independent variables



" 13

/
(all log transformed), and distance of feeding sites from colonies

in km;ijrey consumed data included the percent of total weight
for a daily sample and the percent of total daily count (both
arcsine transformed) of the four prey most frequently consumed by
each heron species (see eg., Table 10), mean daily prey length,
and mean daily prey mass (both log transformed). Variables
entered in each discriminant analysis were selected on the basis

of relatively high correlations in bivariate correlations (R 2>

0.40), and were entered stepwise.
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ECOLOGICAL RELATIONSHIPS

The relationships of environmental conditions to growth rates
were determined using multiple regression and discriminate
function analyses (SPSS, Inc. 1983). Independent environmental
variables measured hydrology, food availablilty, and food

consumed. (\ﬂdrological variables evaluated were<§ater depth at

the nearby food availability sampling site and several types of
data from the guaging station nearest the colony site (Lane River
site = P36, Rodgers River Site = OT, Andytown site = G33), which
in each case reflected water conditions in nearby feeding areas.
Because of tidal influence in its feeding areas, the Frank Key
colony was not included in this analysis. Gauging station

variables included watermgapth at the station on the day that
growth data were collected in the colony, mean water depths in
February, March, April (through 24 April when rains began in
18978), and May, the mean recession rate in February through March,
the mean recession rates in March, April, May, and the mean
recession rates over the seven days prior to collection of data at
a colony. ‘Lﬁzgxder;zg obtain a equivalent water depth for
different stations, depth and recession rates were corrected to
account for the difference between above and below ground
recession rates. When water levels were below the ground surface,
they were multiplied by 0.27, the porosity of Everglades soils
(Parker et al. 1855). Water depth data were Z transformed by

- standardizing against the mean water depth in February through

July. Both transformed and untransformed variables were examined.

<:;Food availability data included mean number of prey items per

m 2, mean,biomass per M 3, mean prey length and mean prey mass



indicative of bird size, past conditions, and the competitive
situation in the nest. To do this we followed the methodology of
Ricklefs et al. (1984). Variables evaluated included culmen
length at the time of the first measurement (OCUL), original
culmen length squared (OCULSQ), weight at first measurement (OWT),
and order of hatching.(HTCHSEQ). Values having standardized
residuals of greater than + or - 2.5 were considered outliers.

The distance and direction of the residuals, of the growth rates
of birds from various colonies and times, from the over&ll model
for the species were used as an indication of the relative success

of the nesting episode,

NESTING SUCCESS AND MORTALITY

Nesting success was also evaluated by determing mortality of
individual bifds marked as hatchlings through approximately the
third week of life. Variables evaluated included change in number
of young per nest, final number of young per nest, and mortality
(percent of marked chicks that were observed dead, experienced
negative weight change and then disappeared, or disappeared within
approximately the first five days of life). The success of
various colonies at various times was catagorized into three
groups based on cluster analysis of mortality rates supplemented

by chi-square contingency tests (SPSS, Inc. 1983).
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RESULTS

CENSUS DATA ON HERONS

Censuses of foraging herons were flown over Everglades
National Park and adjacent Big Cypress in 1979 and 1980%’ The
regional monthly census data are provided in Table 2. The
movement of herons along the west coast and Shark Slough during
N%A ;W;;% the course of the drying season can be visualized by the changes
in numbers of Great Egrets and Snowy Egrets observed in 1879 (Fig.
3, 4). Nesting census data we collected for colonies in
Everglades National Park provided in Table 3. Nesting numbers
were below numbers observed in the foraging areas, indicating the
ﬁL/- presence of nonnesting birds, probably both wintering and
nonnesting residents.
* k]:u ¢/ g Jff = b
Dramatic seasonal shifts occur in the numbers and proportions
of birds using various parts of the southern Florida wetlands
/Aduring the course of the year. The 1979 monthly census showed the
% general overall pattern of feeding movements. In 1880, higher
izwater levels caused birds to shift mre to coastal feeding areas,
d& 4jand in 1981 a postponed drying brought birds into Shark Slough,
1&n f}ﬁﬁ{/ though much later in the season, and too late for nesting. In
| i January, Great Egrets occurred along the entire stairsteps feeding

}%f : f in sparce marshes and in open mangrove pools. Cape Sable mudflats
VAN

/
NPJ /}/(;ere also used in large numbers as were the interior marshes.
N
AT
O\P" { Snowy Egrets were more concentrated, being found almost entirely
V.0 o
frf;r;f in aggregations. In January, this species was concentrated in the

mud flats and mangrove ponds on Cape Sable and in similar habitats

near Alligator Bay and Rodgers River Bay. ©Smaller aggregations



fable 2. Husbers of herons in eight regions by month in 1979, 1980,
and 1981,

Region

Headwaters: BRoberts to
Indian Canp Creek

Stairsteps: BRodgers to
Jorth of Tarmer River

Species ! Species
Bonth Year GR LB TH 1] | 6f LB TH SE
Janvary 1979 328 36 9 0 1240 182 174 207
1960 114 82 84 0 963 20 192 %
1981 162 Y 80 86 912 144 106 66T
February 1979 28¢ 352 114 22 1779 264 55 269
1980 206 5 57 ] 69 257 120 U7
1981 302 4§ 100 12 1882 225 156 1070
Narch 1979 205 12 64 1] 01 192 3 W
1980 59 30 k]| 0 191 135 63 114
1981 0 0 ) 0 231 110 M ]
hpril 1979 138 4 U k1) 183 117 82 280
1980 26 15 5 0 162 124 16 230
1981 126 § 87 4 122 0 150 329
Hay 1979 M 0 0 { ] ] 6 99
1980 26 18 3 1 109 57 48 k1)
1981 18 10 1 ] 20 0 5 2
June 1979 32 2 8 ] 20 % 13 0
1980 52 ] 2 i 61 16 0 6
1981 16 ) ) 6 3 0 0 0
Coastal Interior: Lopes  Cape Sable (Snake Bight
to Harney River separated in 1980 &
1981)
January 1978 148 14 68 35 505 8¢ 52 501
1980 526 ¢ 152 339 814 47 171 878
(18) {244)
1981 121 0 60 68 £7 3 168 320
February 1979 43 ] 4 k1] 559 121 482 1087
1980 § 6 103 650 31 17 508
(56) {208) (19) (203)
1981 14 0 35 18 g2 10 129 300
(28) (199) (81) (O)
¥arch 1979 ] 0 0 0  (not surveyed)
1980 26 0 32 20 52
(13) (40) (110) (55)
1881 7 0 15 £ 324 0 263 346
, (24) (142) (59) (15%)
dpril 1979 143 3 3 120 (not surveyed)
1980 166 g 3 480 40 0 19 155
(279) (85) (72) (5%)
1981 9 ) ] 17 137 0 85 416
May 1979 57 0 20 241 (not surveyed)
1980 38 2 % H 142 0 115 43
1981 120 16 5% 215 3 5 12 1t
June 1979 56 ] ] 0 (not surveyed)
1980 78 O 300 5 105 5 '}
(163)  (40) (0) (46)
1981 1] [ 9 5 0 333 21
(52) (158) (0) (83)

17



fable 2 cont. Numbers of heroms in eight regions by month in 1979,
1980 and 1981.

Region
Shark Slough morth of Shark Slough south of
Panther Hound Panther Hound
Species Species

Honth Year €& LB hi ] Sk GE B T 5%

Jmmary 1979 20 48 0 0 4% & 3 0
190 22 0 0 0 % N ¢ 0
191 4 0 0 0 6 0 s 0
February 1979 197 3% 1 0 W 4 4 0
1980 83 0 ¢ 0 12 2 2
9 3 0 0 0 /6 8 0 4
March 1979 151 M4 2 55 M0 s5 w0
90 w0 ¢ ¢ ® 0 00
191 4 0 0 0 % 0 0 @
Mpril 1978 108 ¥ 2 8 3 102 46l
190 0o 0 0 0 o0 0
1981 6 0 110 232 2 102 1
Nay 99 S8 2 8 0 ¥ 0 0 0
19 ¢ 0 ¢ # 7 0 0 0
1981 4176 5T 413 1095 565 63 29 335
June 99 % 10 0 9§ 2w o
198 3 ¢ 0 ¢ 8 ¢ 3
91 15 ¢ 0 8 I R I

Big Cypress South of Loop ME Florida Bay: 0US I to
Road to Park Boundary Seven Paln Lake

January 1979 213 4 ] 0 {not surveyed)
1880 53 0 ] 0 185 100 82 123
1981 1985 30 ] 0 150 5 80 15
February 1979 359 {2 8 0 {not surveyed)
1980 35 0 0 0 24 38 B4 200
1981 116 ] 0 0 3 9 2 ]
Harch 1978 131 8 0 0 (not surveyed)
1980 ] 0 ] ] 5 ¢ il ]
1981 15 0 ] ] 29 &6 13 0
April 1979 0 0 0 0 {not surveyed)
1980 15 ] 0 0 6 0 0 3
1981 o 0 0 0 (not surveyed)
Nay 1979 0 0 ] 0 {not surveyed)
1980 § ¢ ] 0 {not surveyed)
1981 ( ] ] ] (not surveyed)
June 1979 0 ] 0 0 {not surveyed)
1880 M 0 ] 0 g 0 0 0

1
See Table 1 for species abbreviations.
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Size
20 - 30,

> 60, 30 - 60,

Feeding dispersion of Great Egrets in 1979.

Figure 3.
of the dot indicates the numbers counted

20.

10



20

Size
20 - 30,

> 60, 30 - 60,

Feeding dispersion of Snowy Egrets in 1979.

Figure 4.
of the dot indicates the numbers counted

20.

10



Table 3. Censuses of aesting pairs of herons in Everglades National Park.

Lane River Bodgers River
Year ) | H § 18 B G 51 1 LB
1977 150 109 150 0 15 120 4| 0
1978 1 150 125 0 250 550 125 0

1978 B0 450 500 0 750 2500 500 O

1980 100 200 500 1 20 650 265 0
Iast Biver Frank ey

Year 44 Sk i LB ) 58 T LB

1978 1] 0 0 0 175 115 50 0

1979 250 10 0 0 22 300 0 0

1980 0 0 0 0 150 200 0 0
Nadeira Total

Year 4 4 H | b LB GE b | T LB

1978 125 0 0 0 175 1605 300 0

1979 200 125 ] ¢ 1775 M50 1000 0

1980 L1 0 ] 0 595 1050 765 11
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/‘decline reflects the return to the north of wintering birds,

22
occurred in the mangroves in northeastern Florida Bay, the
Lostmans’s headwaters and the northern stairstep. Tricolored
Herons fed both individually and in aggregations, only the latter
birds being counted in our censuses. In January aggregations
including Tricolored Herons were primarily on Cape Sable, north of
Joe Bay, and southwest of Alligator Bay. Smaller clusters of
birds were found in the sparce marshes in the Broad River Basin.
Little Blue Herons were found in only small concentrations north

of Joe Bay, in Taylor Slough, and on Cape Sable.

As the drying season progresses beyond January, it is a
general trend observed in all species that numbers decrease, a

pattern especially noticable along the coasts. The overall
- -‘a—*m“"“\\

A
{

whereas the precipitous coastal decrease also reflects the

movement inland with the drying season in the interior marshes.

By February, Great Egrets appeared to disperse into numerous
aggregations covering a broader area, especially along the western
stairstep boundary of Everglades National Park. Cape Sable
continued to support the largest numbers of this species outside
the interior marshes. Numbers in the interior marshes of the
Everglades increased, responding tec drying conditions there.

Snowy Egrets shifted from the coastal marshes to the mangrove
creeks of the western and southern headwaters. Tricolored Herons
remained in the same areas as the previous month, although numbers
counted decreased. The largest numbers of Little Blue Herons were

in the headwaters marshes from Lostmans to Cabbage Bay.

In March, the numbers of all species had substantially

o e e s Y T PU R o el bt L L
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declined. The remaining Great Egrets were widely scattered along

the mangrove/marsh interface in the stairsteps and in Shark Slough

and the mangrove swamps north of Florida Bay and Cape Sable.

Snowy Egrets were concentrated in the mangrove creeks of the

Lostman’s headwaters, on Cape Sable in the mangrove ponds west of

the Cattail Lakes and at Snake Bight where they fed on sea grass
flats. Tricolored Herons occurred in small concentrations on the
the mangrove swamps north of Joe Bay, on Cape Sable, near Rock
Creek in the stairsteps, on Gopher Key, and at Snake Bight.

Little Blue Herons were found in only a few sites, including Snake
Bight, Cape Sable, and in the mangrove/marsh interface at

Loastman s River.

i By April, the Great Egrets used the interior Everglades

ﬁﬁf’ during drying and then moved coastwise after these dried. Shifts
,.ﬁf from the stairsteps toward mangove pools near Alligator Bay were
%Qg 4 due to the interior marsh drying. Other concentrations included

7 Snake Bight, Taylor RIver, and Cattail Lake. Snowy Egrets and

f ‘ Tricolored Herons were distributed with Great Egrets. Little Blue
fbl Herons were found only in Snake Bight and in the northern

ad .

o stairsteps.

(. .
f j"‘z}/u

By May and June, although Great Egrets continue to be
scattered throughout the interior, most species, such as the Snowy
Egret, choose coastal foraging sites, especially near Alligator
Bay, Gopher Key, Cape Sable, and Snake Bight, all tidal habitats.
This shift demonstrated the importance of coastal habitats when
the interior marshes become extremely dry or flood with the onset

of the rainly season.
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The more extensive census of January 1981, revealed the
larger patterns of late winter dispersion of wading birds (Table
2) through the southern Florida wetlands. White Ibis accounted
for 71% of the total number of wading birds counted, with the
Great Egret being the most counted heron. Overall, 69% of the
birds were in or adjacent to Everglades National Park with 31% in
the three Conservation Areas. Only 5% were found in the Big
Cypress Swamp, which had nearly dried by the time of the census.
An extensive late’May}sﬁ;;eygprovided documentation that
although herons appeared to have moved out of the Park entirely
during the nesting season, quite a few had returned by May. The
survey, on 24 May, found 4641 Great Egrets, 2492 Wood Storks, 1042
@Lji;/ Tricolored Herons, 120 Little Blue Herons, 1430 Snowy Egrets, and
;M”W 6250 White Ibis in the area of north and south Shark Slough. For
all species, over 70% of the numbers were in the northern section.
These data indicate that the regional heron population remains

capable of using the southern Everglades marsh when appropriate

conditions are provided.
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FEEDING DISPERSAL FROM NESTING SITES

The dispersal of birds from the colony site to feeding sites

was studied at the colonies most likely to use the southern

Everglades, Rodgers River and Lane River, in 1977, 1978, 1979, and
1980.

Birds nesting in the Lane River colony site were found to
forage from 1 to 33 km from the colony site, averaging 17.6 knm
(Table 4). In general, foraging is well dispersed in March, but
by the height of the dry season in April, most foraging centered
on Shark Slough (Fig. b5). By May and into the summer, feeding

dispersed, especially toward Cape Sable. This succession of

foraging sites used correspond to the typical drying pattern as /fffé'ﬁ/
shown by Ogden et al. (1978) In 1978 and 1980 water levels yoée ‘ff
H -

in April and May, and the birds moved to Cape Sable. Drier
conditions prevailed in 1977 and 1979, and by March most birds
were feeding in headwaters creeks at the drying interface between
march and mangroves. This pattern continued in April, with birds

moving into the interior Everglades.

Birds nesting in the Rodgers River colony foraged closer to
the colony site, ranging from 5 to 23 km and averaging 10.5 km
(Table 4). Birds from this colony site fed mostly along the edges
of the Everglades and along the coast, rather than in the interior
Everglades. 1In general the pattern of use begins in the northern
ﬁ:%{ . stairsteps. As the marshes dry toward the western mangroves and
{ﬂjﬁ h toward the southeast, birds feed in interior streams. If the
interior floods, birds retreat to the coastal mangroves. They

used the northern‘edges of Shark River Slough only in March of
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1980, April of 1979 and in the summer of 1978 (Fig. 6). 1In the

dry years, water levels dropped along the stairstep by February

permitting feeding there. By April the birds had moved to
mangrove swamps, which provided tidal foraging sites. In the

wetter years such as 1980, birds fed only along the stairsteps or

coast.
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Table 4. Distance from colony sites to feeding sites.

Distance (km)

Colony Site Year Feb Mar Apr May Jun
Lane River 1977 25.9 22.17 15.0
1978 5.7 10.0 25.9
1979 33.2 18.5 8.9 31.1
1980 1.1 21.2 22.7
3.9
Rodgers River 1977 10.5 8.1 17.0
22.7 11.8
1978 6.5 7.8 8.6 8.1
1979 9.1 13.8 16.5 19.4 15.6
1980 7.0 13.5 14.5
4.9
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Figure 5. Locations of foraging birds from Lane River colony
site (large dot). Locations are shown by the year and month, eg
9-3 = March 1979 and 0-3 = March 1980.



MIAMI »

; N,
&/ B BN
2 Big cyeress T
2 i 'P :
%[/ NATIONAL PRESERVE 1 _
af I |
+ OCHOPEE IJ
e / !
1\ ‘_—_'l i
r‘ .l | [
N o Loy /
N L TAMIAM! TRAIL {(us.41)
AN i TN T
N T, b I 6
\\ L, P (' as! /
\\ =i | | | Everglades
\ = | / |
\ b | |/ ~
AN / 96 | P
. > A a
\ EVERGLADES ,° ¢ /| R
wl o
\ NATIONAL”  &74," | < >
\\ 7.3// 8.“8.‘ 97 l »
\ PARK. G / Lo [HOMESTEAD
\ 3 L
|‘ 0'3a.¥
‘ / I
| /]! -
/) 8 03 Taylorl
’I ® S/Iough b e |
/ / \
'\ Cape 9-4 /
&:3) 5.30ble s /
& '
\ S 0 D o )
\ 0-6 7/
N 8R%., 88
Na p
N\ /
\‘ 7
'd
\\\ 'r
~ rd
\\\ ///
\\\ //"
AN ’,"
\\\ ,/




el

/ e
S

Figure 6. Locations of foraging birds from Rodgers River
colony site (large dot). Locations are shown by the year and
month, eg 9-3 = March 1979 and 0-3 = March 1980.
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FOOD SAMPLES COLLECTED IN COLONIES 30

OVERALL FOOD CONSUMPTION.-- The overall food consumption of
four species of herons is shown in Table 5. The data on mass,

length, and number of prey ltems for each collection is presented

Table 6.

The diets of all four species depend upon a few species of
fish and macroinvertebrates. Three herons eat fish primarily, and
the Great Egret can eat larger fishes than can the smaller Snowy
Egret and Tricolored Heron. The diet of the Little Blue Heron is
very different, concentrating on invertebrates and amphibians in
the southern Everglades, but also including small fishes when

available and along the coast.

Fifty percent of the biomass consumed by the Great Egret

consisted of spotted sunfish (Lepomis punctatus), averaging 5.5 cm

long, and sailfin mollies (Poecilia latipinna), averaging 2.9 cm

long. Warmouth sunfish (Lepomis gulosus), dollar sunfish QE.

marginatus), silver perch (Bardiella chrysoura), bullhead catfish

(Ictalurus sp. including I. natalis), and marsh killifish

(Fundulus confluentus) comprised another 25% of the diet by

weight. Nonfish prey figuring in the diet of Great Egrets

included tadpoles (Rana utricularia) and prawns (Palaemontes

paludosus). The most important prey by frequency were sailfin

mollies, mosquitofish (Gambusia affinis), prawns, spotted sunfish,

flagfish (Jordanella floridae), and marsh killifish, which

together comprised 80% of the items consumed.



Table 5. Food consused by berons nesting in the Bverglades, expressed as percent of total weight (), percent of
1

total susber (K), and mean prey length in m (L)

Prey Species Great Rgret Snowy Igret Tricolored Beron Little Blve Beron
Code Nane F 0 L | I | I I L | L
1 Gasbusia affinis 184 1.4 .80 264 89 1879 200 82 195 1756 1.2 16.00
2 Poecilia latipinna N1 1Ny 2832 1.2 29 24 27 2.1 097 08 0.6 2.2
3 Cyprinodon variegatus 26 0.8 25.05 10.8 9.7 2054 104 128 440 0.1 t 1525
{ Fundulus confluentus 46 2.8 3.2 52 6.7 2680 1.7 141 UM 06 04 M
5 Jordanella floridae 5. 14 2468 3.0 33 2083 75 89 2.4 02 01 2567
6 Beterandria formosa 0.4 t 127 5.4 05 1251 5.2 0.3 1413 241 09 1252
7 locania goodei 1.6 0.2 2317 44 15 1968 43 13 2004 56 03 1401
8 Fundulus chrysotus 2.4 1.2 Y563 3.8 59 3009 52 81 200 42 17 4.8
11 Ictalurus natalis 0.5 32 BB - e e e cen e e e e
12 Menidia beryllina 0.1 t M8 - - - 12 05 BB - e e
15 Mdinia xenica 0.4 t 24 03 03 240 03 02 25 - - -
1T lepisosteus platyrhinchus 0.1 0.9 16617 - - - t t 1180 02 0.5 855
19  Leponis sp. 6.1 08 %6 - - - 01 02 2060 -- e @ -
20 - Micropterus salmoides 0.2 14 9.3 t 1.3 9.0 0.2 03 ¥H& - - -
21 Procambarus alleni 0.8 16 1M 03 1.4 B2 01 05 3333 101 B0 B2
22 Palacaonetes paludosus 10.1 35 2179 170 189 1916 1.8 2.5 A.47 178 1.0 18.76
26 Odonata (naiad) 0.2 04 2342 03 1.0 1658 02 0.9 2.2 21 42 1561
29 Posacea paludosus { LA § I T
32 Motropis maculatus meemme eee eew e - 01 01 0D - - ee
33 Erinizon succetta 0.1 1.0 109.00 t 04 5475 0.1 06 5.3 - - -
34 Fupdulus seainolis 0.2 0.7 8170 - - - e e e e e e
35  Bucirostoms gula 0.1 04 875 - - @ - t 01 M5 - - -
38 leponis gulosus 1.1 1.9 19T o1 09 413 0.1 04 HH - - -
39 Lepomis macrochirus 0.1 1.2 811 - e e e e e e e
40 leponis microlophus 0.1 0.5 57.00 t 01 800 - - e e e e
41 [Lepomis punctatus 10.4 3.7 5528 0.7 35 406 04 06 3672 1.7 0§ 4.8
42 leponis marginatus 3.0 25 %A 02 11 %68 0.8 2.7 N4 0.2 02 UM
46 Rlassoma evergladei e t t 1850 07 0.1 4.0
47 Ranecanthus gloriosus T | N A Y T t t 1800 02 0.1 2013
48 Ictalurus nebulosus R I T T T S
52 Ciclasoma bimaculatum 0.1 0.9 8.0 t 0.1 2150 t 06 5850 - - @ -
54 - Anguilla rostrata t £ 15950 - - e e e e e e -
58 [Lncania parva t t  2.00 t t M5 05 LT AU - - -
59 Floridichythys carpio t t 315 02 05 333 o064 28 WS - - -
68 Mugil spp. R t 04 51Ty - e e e e e
15  Fundulus grandis t 0.1 6400 03 04 3243 10 AL BB - - -
16 Bagre marinus A |8 B 1 B T
19 Rivulus marmoratus - e - 01 &1 33dI17T 01 01 U - - -
82  Opsanus beta .. mmm e t L6 e - - e e e e
83 Strongylura notata e t t 500 - - -
100  Bana grylio (tadpole) t t 3500 t 0.1 5450 0.1 0.3 4000 0.2 0.2 41.20
101  Rana utricularia (tadpole) 3.5 3.6 5606 0.5 2.1 5363 - - --- 8.0 126 49.76
102  unid frog/tadpole remains --- - - t 01 8.0 - - - 0.2 0.3 52.00
105 Belostoma fluminea 0.1 t 1025 02 61 1675 03 01 165 0.6 0.1 15.64
107 Diptera larva - = =01 t 2% 01 t 26.67 0.2 t 267
108  Mugil curesa 0.1 0.5 9075 - - mee e eee e e e e
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Table 5 cont. Food consumed by berons mesting in the lveululles, expressed as percent of total weight (N), percent of
total nusber (N), and mean prey leagth in mm (L)

Prey Species Great Kgret Soowy Igret Tricolored Beron Little Blue Beron
Code Nane N i ] ¥ l I ] ] L
108  Rlops saurus 0.2 1.1 880 - - e e een e e eee e
110 Isopoda t t 9850 0.1 t 11T 0l t MM - e e
111 Anchoa hepsetus 0.1 0.1 50.67 - em= eem eee eee een e e e
112 Bardiella chrysoura 0.5 6.2 4881 - e e ee e e e e e
113 Orthoptera e wmm e eee e e t t 8.0 1 t  26.00
114 Rapa utricularia (adult) 0.1 0.3 .75 t 03 B - - 21 t 5.
115 Bylidae smeeem mme eemeeseee e e e 01 01 16.00
116 Dormatator maculatus R N R | t 3.5
117 Synodus foetens T 78 B | B | 1 B
118 Odonota (adult) 0.4 t 3.1 t t 2050 08 04 2153 0.1 t 31.00
119 Aranese LTI N | t 1008 0.2 t 4 03 t M
120 Hydrophilidae - e- e 01 0l M 02 01 8 - - -
121 Pelocoris sp. e t t 1Y 0l t 6.2 0.2 t LI
122 Gobidae e T B t  30.00
123 Apidae 14 t 250 - e e e e e ke e e
124 Aeris gryllus t t B0 - - e e e 0 0 2200
125  Ictalurus sp. 0.2 20 M - ce- e eem e e e e e
126 Coleoptera (larva) RS | | t 1N t t 16.00 0.1 t 28.50
127 Bphemeroptera (adult) I t t M0 - - - e e e
128  Dytiscidae (adult) - e - 0D 0] 1n% 0.1 t MO0 - - -
128  Bufo quercicus I ' t 9.8
130  Bana grylio (adult) 01 06 6300 -~ - e e e - 06 93 5.0
131 Benacus sp. s eememememeem e e e e 0 0.2 330
132 Liodytes alleni 0.1 L L TR L I
133 Coleoptera (adult) sesmem e eem eem e t t 120 0.1 t 17.2
135 Diptera (adult) R R SER B | t 0% - - -
146 wnid tadpole e mem e e e e e e 05 08 52,00
170 Aeshnidae (adult) - == --- - e - -—— - - 0.1 t 1.u
172 Dytiscus spp. (adult) T o R S B t 1050
37 wid cyprinodontid 01 01 Bt ot 1850 - - - 01 ot 1850
T0T4L 2807  674.88g 4768 223.88¢ 2065 163.24¢ 117 219.76¢

1
t = trace, less than 0.1%.
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The diet of the Snowy Egret is very restricted, being 33

dominated by two species, sailfin mollies and prawns, which

together constitute 47% of the diet by weight. These plus

sheepshead minnow (Cyprinodon variegatus), mosquitofish, marsh

killifish, and golden topminnows (Fundulus chrysotus) incompased

78 % of the diet. The two most important species averaged only
2.7 cm and 1.9 cm respectively. By frequency of occurrence,
mosquitofish, sailfin mollies, prawns, and sheepshead minnows

accounted for 63% of the items consumed.

Tricolored Herons alsco consumed sailfin mollies, which alone
accounted for 27% of the diet by weight. Other important prey
items were marsh killifish, sheepshead minnows, golden topminnows,
and mosquitofish, the five top prey accounting for 79% of the
biomass consumed. On a frequency basis, these same species

represented 73% of the items taken.

Little Blue Herons, concentrated on invertebrates and

tadpoles. By weight crayfish (Procambarus alleni) accounted for

38% of the diet, and tadpoles and frogs accounted for 23%. An
additional 4% was composed of prawns. The most frequently taken

prey items were least killifish (Heterandria formosa),

mosquitofish, prawns, and crayfish. The first three items
relatively small, averaging 1.3 cm, 1.6 cm, and 1.8 cm long,

respectively.

These results indicate that only a few species accounted for
a large proportion of the diet of each heron species. On average,
only six species constituted 5 % of either numbers and weight of

prey consumed during a nesting episode. Table 6 shows the
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34
fable 6. Prey consused by herons at various colony sites and time periods, expressed as percent of total weight (H), perceat of

total auaber (W), and mean prey lemgth (L). Prey accounting for greater than 5% of diet.

1

Great Rgret

Saowy Rgret

Tricolored Heron

Little Blue Reroa

Besting ] ] L ] ] b ] ] L Prey ] ] L
Ipisodes Code
LATS8 22.6 1.1 26.U4 1 2.0 105 19.01 4.6 4.0 16.30 1 534 845 3389
3.8 2.0 28.38 2 16 162 23.50 .6 2.1 255 2 8.0 1.9 2a.u4
8.1 2.7 21.%0 3 4.0 4.5 1830 10.1 1.0 2.1 11 2.7 My 4113
2.6 2.8 31.88 2 1.4 151 20.96 20,2 2.6 30.08 114 3¢ 1.8 M.13
1.6 161 48.00 0.8 5.3 4550 130 2.3 19.2 65.50
3.2 217 63.50 0 173 415
T0TAL 62.0 1.34¢ 515.0 19.9%g 8.0 15.47g 88.0  25.54¢g
20782 32.5 2.8 2.2 1 4.8 141 18.89 I 3.8 t0.8 19.27 21 19.2 3.7 4410
6.7 1.6 30.81 2 .4 481 28.85 2 2% 212 26,31 101 68.5  46.5  54.67
0.9 105 83.50 3100 8.4 21.67 3247 5.4 28,93 1M 6 121 4.5
15.6 17.1 56.06 1 2.3 8.2 55.67 { 108 115 29.8
0.8 5.2 88.80
2.1 3.0 48.81
T0TAL 633.0 140.80¢ 923.0 48.84¢ 93.0 5.38¢ 130.0  42.38¢
FR78A 5.8 1.2 17.67 1 4.9 239 18.23
11.3 1.6 22.76 2 2.1 33 20.29
9.2 30.6 19.59 3 5.4 3.8 16.21
0.6 10.0 49.50 4§ 165 17.0 20.20
26.9 3.4 21.15 | 1.1 5.8 31.25
2.9 6.7 Q.U
T0TAL 308.0  15.73g 352.0 B.62¢
ANT9B 15.4 0.2 2.1 18.3 8.4 2.7 1 120 3.8 24.20
2.1 2.0 BN 17.8  25.5 32.35 { 8.6 19.2 4.7
1.1 0.3 32.50 $.6 3.2 23.13 5 42.4 3.5 26.55
1.1 0.3 33.50 1.8 5.2 .13 6 1.2 0.6 15.39
7.7 20.8 112.00 5.3 25.1 45.00 8§ 11.2 124 3207
1.1 8.9 981.80 5.3 0.0 11.33 {2 {0 6.8 37.32
30.8 665 82.62 52 0.3 8.1 §5.00
T07AL 13,0 24.80g 51.0 4.10¢ 125.0  11.06g
LAT9A 1 104 0.6 19.58 26.9 3.8 19.11 | I I 4.5 21.20
2 6.8 145 28.96 16.6 27.6 21.34 2 3.1 308 21.171
4 6.4 2.6 3.42 7.1 23.9 40.08 § 174 2.9 31.50
5 5.3 1.2 23.% 4.9 8.7 2.4 5 8.7 4.7 23.25
8 5.9 2.8 35.50 19.4 1.9 12,38 ] £3 145 50.50
38 0.8 6.1 38.83 15.5 15.6 17.67 2 8.7 18.6 31.25
41 10.2 56.8 68.20
10TAL 393.0 100.66¢ 535.0  21.91¢ 23.0 1.98¢



Table 6, continned.
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!

Great Rgret

Snowy Egret

Tricolored Beroa

Little Blue Heros

Resting Prey ] ] b Prey ] ] L Prey ] | L Prey ] i L
Ipisodes  Code Code Code Code
BO784 1 8.0 0.9 21.58 1 108 2.1 11.%8 1 .1 107 18.08
2 3.3 158 28.08 2 16.6 20.3 25.84 2 8.6 6.3 2.3
H 5.1 2.5 2.17 4 3.2 5.3 .88 4 .4 120 3.9
5 12.6 38 4 6 6.2 0.5 11.73 ] 3.9 5.1 23.82
22 10 8.0 23.3% 1 6.6 2.3 19.46
{1 9.0 39.7 56.03 ] 6.9 1.2 26.28
125 0.7 11.6 #87.30 2 .2 4.9 1.8
41 1.5 118 €215
T0TAL 565.0 106.89 870.0  39.3% 362.0 16.12¢
ANT9A 1 11.2 1.2 21.73 1 2.1 1.5 19.03
2 194 6.2 30.17 2 &1 1l 2025
5 9.7 1.4 22.56 ¢ 2.1 13.8 41.00
i1 1.6 21.8 119.17 5 .y 2.2 2.5
38 2.2 1.1 710,88 6 20.3 2.8 1450
41 8.1 25,3 51.32 8 135 3.8 3.4
2 29.6 23.% 36.48
10TAL 186.0  54.36¢ 74.0 3.51¢
LABO 2 1.0 106 3.7 I 11.2 2.1 18.39 1 3.4 1.4 20.85
19 12,5 19.1 7400 2 189 2.4 31.66 2 28.2 #40.0 27.10
3 125 70.3 113.50 3 N1 A2 2.4 { 9.9 2.5 5.5
4§ 117 166 3435 8 5.0 9.1  32.M
5  10.2 5.5 21.05
2 19 9.2 19.87
T0TAL 8.0 1.75¢ 196.0 14.14¢ 3.0 13.5¢
2080 1 2.8 2.3 19.81 1 2.5 8.2 18.46 1 56.2 16.6 19.41
2 w2 1.2 28.02 2 167 4.2 126.82 2 6.7 9.0 28.43
4 6.4 57 3.5 3 6.5 6.4 21.41 3.0 2.0 2476
5 6.2 3.0 26.37 4 16.8 1.4 11.39 22 6.2 6.3 20.58
21 2.3 8.2 43.89 20 0.3 8.8 99.00
22 223 109 21.87 22 5.7 29.8 19.00
4] 2.3 2.2 68.12
52 0.¢ 6.7 82.00
T0TAL 565.0  89.72g 756.0  33.86¢ 200 12.36¢
AN81 1 142 0.6 19.83 1 3.9 148 19.33 1 405 18.4 19.86 1 233 7.4 16.00
1 6.0 0.3 20.02 2 5.6 8.7 25.12. 2 §.2 2.5 20.66 6 32.8 5.4 12.51
22 148 1.8 19.61 6 10.2 1.3 13.09 b 13.1 2.3 14,02 ) 1.6 1.8 14.01
38 2.4 10.9 69.80 T 116 1.9 20.05 T 11.2 7.2 18.3 8 4.8 6.9 23.17
4 476 96.5 49.68 8§ 138 M.t 32.03 8 137 28.2 30.68 22 2.6 381 BY
22 14 25.4 2145 22 3.0 1.3 22.18 26 2.8 2.8 5.8
{1 2.3 5.3 41.83
10TAL 3320 126.98g 131.0  27.69¢ 571.0  19.90g 1304.0  35.62¢



Table &, continued.
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Great Rgret Snowy Igret Tricolored Neror Little Blue Beron
1
Nesting Prey 1 i L Prey | | b Prey | X b Prey ) | b
Episodes  Code Code Code Code
FR78B A TN | 5.9 19.26 1 1.2 1.6 18.10
81 6.1 9.8 54.00 2 £ 114 2179
82 T 4.2 1N 21 0.7 5.6 22.50
136 6.8 3.7 49.56 2 0.7 1.4 1415
107 3.5 1.4 16.2
110 6.8 6.2 15.92
19 1.2 1.2 1N
126 29.4 0.8 16.95
136 0.4 417 53.00
T0TAL 218.0  79.64¢ 279.0 3.23¢
FR79 2 6.6 5.4 19.94 1 3.6 7.6 19.25 1 1.8 0.2 12.28
3 539 3.2 1814 2 5.3 6.9 16.50 2 6.3 0.9 18.38
21 0.4 8.0 50.00 3105 6.0 22.15 Yy 25.8 310
22 1.5 5.1 24.12 58 15.8 3.5 19.50 21 2.5 1.8 49.65
58 3.1 108 1110 58 3.8 50.9 29.29 58 32.6 21.0 11.18
5 12,9 150 2313 59 5.0 L4 NN
101 1.5 8.3 515 101 6.5 139 8.9
13 .0 13.0 12.14 136 40 3.2 48.31
T0TAL 211.0  10.08g 19.0-  1.35¢ 39.0  59.2%
R078B 1 25.9 Lo 11 i 6.6 1.4 20.50
2 M8 %1 Ny 2 4.1 23.2 29.07
3 N3 11de I 2 28.4 26.57
¢ 160 20,4 3473 i 253 36.0 37.52
5 123 7.8 2.3 5 8.8 5.8 24.56
68 2.5 121 5115
T0TAL 3.0 6.45¢ 9.0 1.51¢
LA79B 3 96.5 8.1 18.4 1 146 2.3 20.43
15 1.2 9.1 45.00 2 25.0 8.8 22.1%
3 8.3 7.1 26.87
4 125 180 3817
22 6.3 6.6 24.00
58 8.3 1.4 20.13
59 20.8  40.9 36.00
T0TAL 85.0 2.70¢ 48.0 §.65¢



Table §, continued.

Great Igret
|

Tricolored Heron

Little Blue Heron

Nesting Prey | X Prey | | | b | L
Episodes  Code Code
RP79 1167 3.1 10,2 1.y 1 3.0
2 2.2 0.8 .14 8.3 8 2.2
5 1.3 3.1 26.15 8.4 236 50.11
1 8.3 2.2 .15 5.2 U4 8.1
3 8.3 140 TS
T0TAL 24.0 2.05¢ 86.0  52.01¢
RH80 1 6.6 1.7 2.2 12.0 0.6 16.08
2 253 2.6 1.9 14.0 10,9 3379
¢ 2.0 2.5 36.90 12.0 5.5 32.92
5 209 15.1 26.61 2.0 13.8 M2
8 1.7 10.8 38.50 2.0 1.1 41.00
i 3 51 .7 14.0 6.2 22.14
2 6.6 14.6 40.83 L0 5.5 40.25
0 15.0 48.50
6.0 33.6 45.50
T0TAL 91.0  10.57¢ 50.0  8.64¢
20798 1 1.5 1.6 21.36
2 3.6 38.0 30.51
3 18,3 21,2 30.18
¢ 151 136 332
5 118 8.1 25.91
T0TAL 93.0 8.84¢g
ANSO 1 16.3 .0 19.43
2 133 2.0 32.4
] 7.2 154 3007
5 .1 3.2 26,13
6§ 12.0 1.3 14.05
8 6.0 5.5 28.60
T0TAL 166.0  10.63¢
SATS 1 2.8 1.0 17.4
2 10,3 134 26.18
3 3.3 4.2 2.4
5 4.2 5.4 2050
12 5.9 2.3 2.8
58 1.3 6.4 21.86
59 3.9 6.8 271.33
15 i1 6.7 27.50
T0TAL 542.0  23.86g



Table 6, continued.

Great Igret
}

Snowy Kgret

Tricolored Heron

Little Blue Beron

Nesting Prey ] | L Prey ] i Prey ] | Prey ] | i
Episodes  Code Code Code Code
RHT9 2 4 04 4
2 14 .1 .00
101 1.4 2.4 52.50
114 206 46.7 34.89
T0TAL 21.0  15.44¢

i
See Table 1 for nesting episode listings.



frequency that specific prey organisms made up more than & % of 39

the diet among nesting episodes. These data can be used to
examine variability and consistancy of prey consumption within and

among heron species and nesting episodes.

VARIABILITY WITHIN NESTING EPISODES AMONG SPECIES.-- Diet
differed among species within a single nesting episode. Spring
nesting in the main Park colonies shows clearly the typical
differences among heron species noted above. For example, during
LA78, the dominant prey species are those of the core diet, with
Great Egrets concentrating on relatively large fish, Snowy Egrets
and Tricolored Herons consuming smaller fishes, especially
mosquitofish, sailfin, sheepshead minnow, and marsh killifish.
Such a diet indicates feeding in both freshwater maréhes and in
the estuary. Snowy Egrets also ate prawns, whereas Tricolored
Herons also ate sunfish. The Little Blue Heron, on the other
hand, specialized in crayfish, prawns, and amphibians. Thus the
diets differed markedly among the herons species. These are the
typical diets for spring nesting in the major southern Everglades
colonies, and were similar at these colony sites during other

spring nesting episodes.

~ At Andytown colony site, eg AN81, sunfish dominated the Great
Egret diet, whereas Snowy Egrets and Tricolored Herons pursisted
in their small fish and prawn diet. Little Blue Herons, however,
ate fish including sunfish in addition to prawns and insect

larvae.

Comparisons at a coastal colony sites, such as Frank Key
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(FR78B, FR79), show marine and coastal influences on diet. The 0

three smaller herons concentrated on marine and estuarine species.
However, the Great Egrets continued their predominently fresh
water diet during spring nesting (eg FK78A), demonstrating that
they were able to fly inland to forage, a pattern we confirmed by

following birds from the colonysite.

VARIABILITY WITHIN SPECIES AMONG NESTING EPISODES.-- For the
Great Egret, mosquitofish, sailfin mollies, sheepshead minnows,
marsh killifish, flagfish, éolden topminnow, crayfish, prawns,
warmouth, and spotted sunfish consitituted over 5% of the diet in
more than half the nesting episodes (Table 7). The several
species of sunfish (Lepomis spp) taken together were also
regularly consumed in high proportions. Similarly, mosquitofish,
sailfin, sheepshead minnows, marsh killifish, flagfish, least
killifish, prawns, and crayfish were important in over half the
eposodes for Snowy Egrets; mosquitofish, sailfins, marsh
killifish, and flagfish were important over half the times for
Tricolored Herons. In the Little Blue Heron, a different array
consitituted the dietary core: prawns, crayfish, and tadpoles.
In each case these arrays of species could be considered the core

of the diets.

Differences in the dominant prey items in the diet among
nesting episodes were alse evident. For the Great Egret, the diet
of herons during the spring nesting episodes at Rodgers River and
Lane River and both spring and summer nesting at Andytown colony
sites were dominated by the core array of fish?s noted above.

Great Egrets nesting in spring at Frank Key also took the the



Table 7. Frequency of occurence of species in the top 5% of the
diet during nesting episodes.
g€iven are those present in over 50% of the nesting

Species with percentages

episodes.
Species GE SE TH LB
1 82 85 100 P
2 82 92 94 P
3 55 62 P P
4 55 46 71 o)
5 55 31 59
6 62 P p
7 p p p p
8 36 P o P
10
11 o)
12 P
19 P
20
21 23 86
22 45 64 P 57
26 P
38 P
39 P
40 P
41 63 o) P o)
42 o p p p
52 p p
58 P p p
59 P o P
61 P
68 P
72 P
75 p P
81 p p
82 P
101 ol p 71
107 P
109 P
112 P
113 P
114 P
119 P
1256 P
126 P
130 jo)
136 p p p
Number of episodes 11 13 17

41
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typical fresh-water species indicating inland feeding sites were

used. However, the diet for summer nesting at Frank Key (FR78B)

was dominated by sheepshead minnows, toadfish (Opsanus beta) and

pinfish (Lagodon rhomboides) and pink shrimp (Penaeus duorum)

indicating that those birds fed in Florida Bay and nearby Cape

Sable.

For the Snowy Egret, the typical core diet was taken in most
nesting episodes. Birds nesting in summer at Frank Key also ate

marine fishes.

For Tricolored Herons, mosquitofish and sailfin dominated the
diet in nearly all nesting episodes, with marsh killifish and
flagfish being less consistently dominent in the diet. Nesting at
Lane River (LA79B) after the water levels had risen in the

interior featured rainwater killifish (Lucania parva) and the

goldspotted killifish (Floridichtys carpio), which are taken from

estuarine mangrove swamps, reflecting a switch of feeding sites
after the rains began. Birds nesting at Sandy Key had a similar

diet, which also included Gulf killifish (Fundulus grandis),

indicative of feeding in the mangroves on Cape Sable or in tidal
grass flats. Tidal feeding also occurred during spring nesting
episodes at Lane River, as indicated by goldspotted killifish

Floridichthys as a dominant in the diet.

Little Blue Herons showed considerable variability in the
dominant prey items taken during different nesting episodes.
During spring nesting at Lane and Rodgers River colony sites, they
depended on crustaceans and amphibians. However in more interior

colonies, such as Heron Hammock and Andytown, they added several
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species of fish, although the crustaceans continued to dominate
the diet in biomass. Birds nesting at Frank Key apparently did
not have access to these fresh water forms, and brackish-water

fish predominated in their diet.

CONSUMPTION OF MAJOR PREY ITEMS.-- As indicated by Table 7,
only 11 species are frequently consumed in over trace amounts.
The bulk of the diets of Everglades herons can be understood
through the following prey: mosquitofish, sailfin molly, spotted
sunfish, prawns, sheepshead minnow, marsh killifish, flagfish,
least killifish, golden topminnow, and crayfish, and for Little
Blue Herons, frogs and tadpoles. Of these the first four species
make up the bulk of the diet. The consumption of these prey
species is shown in Table 8 broken down by date and nesting

episode.
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Table 8. Consunption of four most conmonly eaten prey items for each heron species during various neating episodes.

Prey Species

Ganbusia affinis Poscilla latipinna Leponis punctatus Palacmoneles paludosus
Species HNesting Bontk Day ] | L ] i 1 ] | L | A L
Episode
Great  LA7S 5 8 26.08 9.27 21.29 %2.81 2.13 28.47 - -e- e- R
Egret
5 13 1250 1.28 19.25  31.50 2077 28.17 --- - --- 6.25 51.58 49.00

0111 Y SR

S 10 213 0.10 18.00 27.66 1583 .12 --- - - e
$ 14 25.00 2.87 22.30 11.67 6.50 28.6¢  --- --- - sem wme eee

5 21 .29 856 2134 42.56 4136 .41 --- - e 113 2.13 24.60
R078B 6 30246 308 2074 46.60 2550 4T --- - - 0.52 0.19 22.00
1 8 - - --- --- - - --- -—- e —.- e e
s 5 I s.41 6.4 2162 --- -- e S
5 9 34T 102 1940 764 702 445 - -~ --—- 52,08 78.89 21.4%
] 16 16.25 2.2T 17.00 20.00 9.12 22.16 --- ---  --- 1000 7.4 18.31

11 R T B

S SR R I L E
T W e e e 1000 L7200 - - e- 200 0.09 17.00

LATSA } 15  8.57 0.86 23.83 3571 10.36 28.54  8.57 63.45 77800  2.86 0.63 20.50
3 2 46.55 11.73 17.48 18.97 26.66 26.23  1.72 0.85 4410 12.07 11.69. 18.14
4 2 330 0.20 2717 42.86 16.20 31.92 12.09 64.63 £9.01 7.69 1.14 18.28
L 9 1.89 0.28 2400 7219 2815 28.28  6.62 40.80 €3.95 1.32 0.62 23.00
4 2 870 021 2.2 --- - e== 5217 66.74 68.12 m—- e e



45
Tabls 8. cont. Consuaption of four most commonly eaten prey itess for sach heron species during various aeating episodes.

Prey Species

Gambusia affinis Poecilla latipinna Leponis punctatus Palacaoneles paludosus

Species Nesting Month Day ] | 1 1 X L ] | 1 1 ] L

Episode

LAT9B 5 ¢ --- ee- -e- 2,00 1580 36.81 16.00 67.15 63.76  2.00 0.81 26.00

§0784 3 5 141 o008 20,00 1.4 058 ¥ - - - 9.80 5.90 27.00
3 13 5582 1.4 19.90 66.85 7492 2000 - @ --- - 8.2 9.57 2.8
3 21 7.6 042 2200 7.69 1.T0 30.00 30.77 60.57 8375 @ --- - ee-
] I OM4T 159 20.98  40.13 17.28 28.4% 9.21 37.56 5818 1.4 N 2.4
4 10 .14 065 2344 23.21  8.99 30.96 23.21 55.48 52.25 24.11 10.5) 24.37
¢ 17 15,79 148 27.00 31.58 426 25.82 21,05 483.86 7T.00 0 --- - -
{ U - e - 35200 973 36T 17.65 7879 6850 - - ---

794 4 6 - e e ——- = e 2000 428 4000 - - -

4 11 17,04 2,56 22,78 19.26 13.14 31.36  8.89 32.16 45.21  2.96 1.67 22.75
4 e - --- - 10.00 0.24 20.00 20.00 43.97 .00 - - -
4 26 2500 0.61 19.06 25.00 3.24 27.83 5.5 15.12 71000 - - ---
ANT9B 5 32500 2.02 23.00 37.50 22,33 35.33 12.50 e69.02 7.0 0--- - -
LA%O { 8 -~ ---  --- 10000 100.00 .75 - - - —~eemm | ee-
B080 4 - - - 22 1B BB - - - ——— e -
4 4 21,37 .00 183 49.62 3347 2632 0.76  1.21 B0 1527 8.4 19.72
{ 2 1.07 0.1 20,21  9.60 5.84 32.03 1.52 1522 7.67 43.43 20.48 2197
§ 6 3548 5.23 18.59  30.65 2117 27.29  4.84 24.28 42.83  6.45 16.20 30.75
5 16 20,69 449 19.17 62.07 76.99 2817 ---  --- - 1024 18.52 20.20
5 18 56.00 8,386 21.06 3.00 483 32.83 2.00 32.26 7T.75 10.00 4.85 20.30
$ 3 - - --- 15,00 71.78 3100  --- - e .- e e
5 2% 1.1 0.4 1883 - ---  -—- 21,27 66.62 95.50  9.08 0.31 20.00
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Table 8. cont. Consumption of four most commonly eaten prey items for each heron species during various meating episodes.

Prey Species

Ganbusia affinis Poecilla latipinma Leponis punctatus Palacaoneles paludosus
Species Besting Nonth Day ] | L | | i | i L ] | b
Ipisode
[11)] { T 115 006 25.50 115 0.26 36.00 85.06 87.39 48.98 - - -
[ 13 e e e - e ee- 8333 86100 TLB0 0 --- e -
4 1T 1176 0.56 19,38 35.20 7.38 26.38 35.29 89.25 56.00  8.82 1.7) 20.20
{ A e e e --- === === 6250 TLE9 4690 --- - -
b === == - 8187 7053 8710 --- e e
5 e === == 8150 73.07 56.98 417 0.21 20.00
5 11 26.25 625 19.74 1.2 1.98 29.50 18.75 28.33 37.88  28.13 21.15 19.58
Snowy  LATS 5 § 51.45 25,57 16.52 19.15 26.62 21.00  4.26 16.74 22.50 17.02 27.62 20.69
forets 5 13 45.29 22.92 19.40 2422 26.22 22.41 16.14 40.15 20.88 10.31 4.21 15.17
5 18 26.32 847 22,20 23.68 37.35 3247 --- - .- 2105 12,61 22.M4
d 19 0.48  0.05 14.00 L& 172 1467 --- --- --- 83.09 79.14 19.685

RATSA S M 5136 1548 20.32  35.14 56.25 29.94  0.90 1.62 24.00  4.50 4.31 24.20
5 21 48.76 15,99 19.26  28.01 48.54 28.29 313 T.49 7421 14.00 12.77 21.63
0788 6 3418 817 16.00 35.29 4855 2057 -~ - .- 0.8 0.27 17.00
FR788 5 4 12.50 1.61 16.00 37.50 31.60 2450 @ --- - - - e e
5 T == === -~ 100.00 100.00 30.20 - --- = --- e
5 § 30.00 1541 17.83 30.00 26.79 1817 -  ---  ---  30.00 38.96 20.50
5 16 46.81 26.76 18.25 24.62 31.23 18.57  0.30 4.29 .50 486 3.29 15.41
FR78B 6 I - - - m.. e - - e 0.41 0.20 1400
1 28 5406 30.25 18.10 3243 45,58 22.%0 0 --- - - e



47
Table 8. cont. Consumption of four most commonly eaten prey items for sach hero» species during various neating episodes.

Prey Species

Ganbusia affinis Poecilla latipinna Leponis punctatas Palacmoneles paludosus

Species Mesting HMonth Day ] | L ] | L ] | L | | 1
Episode

LA78A { 2 3.00 10.23 20.26 27.38 .47 21.28 10.23 8.52 36.00 1.8 1.94 21.92
{ § - e e 6.67 5.52 22.00 13.33 16.74 18.00 46.87 21.77 18.78
4 23 2028 940 16.49  2.30 8.67 20.30 23.04 41.28 120 0 --- - -

LAT9B 5 T - - - 2% 2.7 BB - - - 8647 8808 15.44

20784 3 21 26,71 509 17.83 2857 1454 2151 27.86 1480 1610 - - -
4 323 b2z 1050 6.98 6.67 18.50 2,33 10.64 2400 --- - -
L 10 846 1.87 16.5¢  9.92 12.80 25.44 53.01 6355 1878 - - -
{ 17 16.67 3.10 2100 33.33 47T MO0 - - - mmemem e
4 24 6.06 2.67 25.00 57.56 6.8 30.3¢ 152 3.2 800 --- - -

R079B 5 2 3.2 6.66 16.82 4.84 425 2400 --- - - 1120 1635 25.28
5 b 5.26 2,02 .50 4737 S1LMT 416 - --- - 3684 11T 28.78
AN79A & B - - - 5263 4102 32.35 526 8.4 3050 0 0--- - -

4 % 417 LM W - - - e - e e
ANT9B 5 3 100.00 100.00 2112 @ --- @ --- --- - e --- m.- o eem e
d % 3.3 B4 WD - - - e m- s e
RS 6 2% 2.4 032 15.25 488 2.66 2050 1.22 0.4 1000 1.22 0.60 19.50
1 M 582 245 19.09 T4l 715 1978 1.5 9.16 28.83  76.72 48.76 18.13
LA80 4 2 - - --- 100.00 100.00 29.68  ---  --- --- s e e
4 28 - - - T 9.09 13.61 20.00 16.18 32.47 2475
d 5 519 150 2238 27.21 3486 32.02  5.18 421 21.00 42.86 35.96 24.15
5 13 1.32 127 2017 2.4 32.70 73.50 .32 5.8 22,00 6341 22.43 20.19
5 17 25,00 415 20.17 25.00 27.63 33.17 1667 1.7 1800 - - -
3 23 2553 6.09 16.17 851 T.19 22,12 27.66 39.42 1905 - eee e
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Table 8. cont. Consumption of four most commonly eaten prey items for each heron species durimg various neating episodes.

Prey Species

Ganbusia affinis Poecilla latipinna beponis punctatus Palacaoneles paludosus
Species MNesting Month Day } | L ] X L ] | b A | L
Bpisode
2080 5 6 28.60 9.64 17.72 1401 22.31 25.85 36.47 52.28 18.88  0.77 1.44 24.50
5 13 6.92 146 1439 2462 42.74 2672 0.17  1.31 2100 23.08 13.84 17.92
5 18 60.29 26.69 22.00 27.84 50.30 20.45 441 1400 27.33 - e ---
5 2 I smeemm e --- == - 8522 69.85 2157
5 2 1111 346 20,00 1.1t T4 2200 0 0--- --- -e- ——- mes e
11| 4 22 23.48  9.05 20.34 25.76 3312 25.29 12.12 22.88 A M4 - ee- e
¢ 21 35,39 2.8 20.27 2.3 5.60 21.78 539  1.90 18.12 ——— me- ---
5 1 1282 18 1300 - --- - BB} TS ORS00 - - -
5 6 5648 2617 1831 - - - 1204 2302 1985 - - -
§ 11 B 687 18.21 - -- - 1832 4458 2517 - e -
5 20 40.00 19.48 192 --- --- --- 6.67 23.87 25.00 - e ---
Tri- LA78 5 8 2474 271 13.21 22.68 11.54 20.16 8.25 8.9 22.2% mes e -
colored
Bgrets 5 13 103 1.80 20.83 37.93 37.78 31.23 2414 8.4 2100 345 2.08 25.50

d 16 5111 8.91 16.11  8.89 18.82 31.50 4.4 7.12 2120 4.4 6.0 26.00
5 19 16.67 5.86 22.50 24,07 21.08 25.73 12.96 8.56 23.00  3.70 3.83 26.50
6 2 870 145 2025 47.83 36.84 28.50  4.35 403 2800 - - -
20784 5 21 3918 1080 2424 21.51 21.20 26.38 2473 49.39 8.9 - - -
R078B 6 3 482 091 19.25 2048 16.22 27.35 32.53 3142 26.57  9.64 6.48 24.56
1 8 25.00 6.02 23.00 50.00 88.20 36.38  --- -—- e LI
FR78A 5 16 61.11 19.79 16.44 1.1 123 22.715 21.67 26.88 2.7 @ --- o= -



49
Table 8. cont. Consumption of four most commonly eaten prey iteas for each heron species during various aeating episodes.

Prey Species

Ganbusia affinis Poecilla latipinna Leponis punctatus Palacmonetes paludosas

Spocies Nesting Honth Day | | L 1 | L | | L 1 ] 1
Episode

FR78B 6 11887 412 17.18 2414 20.64 26,64  6.90 414 19.00 15.52 18.01 24.22
6 2 315 13.81 2100 3659 4484 2613 0 --- - --- 21,95 30.70 25.00
SAT8 5 1T 2.0 2.5t 22.62 11.19 26.11 26.44 53.85 42.67 17.86 @ --- - -
5 29 5.00 1.69 2450  7.50 5.01 25.83 6417 69.60 27.66  4.1T 2.48 24.00
LAT9A 4 § 21.21 5.0 20,00 4545 4611 28.00 -  --- - 1818 11.85 2).25
4 16 16.67 3.88 23.00 33.33 2073 221,12 -~ - - s- e e
S 41250 2.3 0.8 3150 M 2 - - - - e e
5 T 187 2.4 18,8 - - - 2500 17.98 26.88 --- ---  ---
0792 4 38679 45.57 15.82  1.85 5350 3212 - - --- - e e
{ 10 12,90 7.0 25.16 64.98 68.75 26.83  0.92 0.45 20.75 6.4 6.62 23.82
4 17 6173 19.80 16.02 29.63 72.10 2142 @ --- -~ --- - e e
4 4 21.21 10.89 2133 e3.64 G5.46 2611 @ --- - - mms e e
R079B 5 2 1000 1.86 19.20 28.00 33.23 20.54 12.00 12.64 25.50 16.00 15.15 26.50
5 8 465 1.4 2675 48.84 41.43 3117 2558 3T.68 32.713  6.98 3.05 24.3

79 4 B - - e - e e --- === == 8571 84,88 22.687
L 26 3016 10.75 19.03 952 20.25 2.5 @ --- .- - 17.46 19.00 22.54
5 I o i 2 - - - ~-- == --- §0.98 63.62 25.56
5 16 12.50 401 2483 417 135 a0 - .- - 38.89 36.05 21.43

5 % 833 3.3 .00 2500 21.45 M8 0 --- -—-- - m.- e e
FR79 6 28 3158 7.3 19.25  5.26 0.87 16.50 10.53  6.03 22.78 @ --- -~ -
P79 6 1 === === == 80.00 7159 34.62 --- e --- e
6 11 25.00 9.58 18.20 18.75 33.63 28.83 -=- --- - 3125 31.83 22.10
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Table 8. cont. Consumption of four most commonly eaten prey items for each heron species during various neating episodes.
|
|
|
|
|

Prey Species

Ganbusia affinis

Poecilla latipinna

Leponis punctatus

Palacaonetes paludosas

Species Besting Month Day | X L ) | L i | L 1 i b
Ipisode
EAS0 8 4615 13.90 18.42 19.23 1551 22.00  3.85  4.03 23.00 11.54 12.30 22.50
5 36.96 12.61 1921 2.17 446 3050 -~ - --- 1957 052 22.33
6 2222 1088 1800 - - - == e=- === 1L 20,98 22.50
13 30.83 1210 22.18 .30 S6.4 21.02 - --- -e- 1.5 113 22.17
17 6122 21.88 20.85 18.37 29.84 20.67 .08 10.86 3175  2.04 4.8 31.50
22 50.85 16.17 19.33 15,25 2407 2872 @ --- - - I
2080 2% 1111 1.3 1650 5.5 107 17.60 72.22 81.78 25.15 5.5 5.29 26.00
6 8409 59.29 23.99 13.64 3591 330 - e - —.e e -
18 8444 5349 17.14  6.67 2235 .15 - - - e
23 6.82 0.98 2250 2.27 1.03 28.50 70.45 3060 2460 --—- ---  ---
4 e R —m—eme e
ANS0 T 48,28 12.91 1654 690 5.4 2200 --- - - 6.90 4.88 18.75
4 1L11 5,03 2310 1778 8.2 3569 0 --- - --- .22 4.91 3.5
19 18.18 4.6 22,19 22,73 .66 3220 - - - 45,40 §LOT 28.22
N 17 653 3015 -~ --- - §6.67 51.56 24.36
BES80 21 103 1.83 23.00 348 23.18 2.7 -~ -~ ---  20.69 22.70 30.92
23 - - - 2353 1946 3. --- - --- 17.6) 6.93 23.50
27T 400 251 3500 28.00 26.09 3364 --- -~ - 16,00 12.98 20.12
2 1000 2.36 20.75 10.00 18.98 3400 - -~ - 30.00 17.51 22.17
4 2383 13.92 a2 - - e smm e e == e e
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Table 8. cont. Consumption of four most commonly eaten prey items for each heron species during various neating episodes.

Prey Species

Ganbusia affinis Poecilla latipinna Leponis punctatus PalacaoneTes paludosus
Species Mesting Month Day ] | b ] | b ] ] L ] i 1
Episode
1)1 4 22 41.01 20.04 19.86 1067 2469 21.95 @ --- - -ee R
4 1 .32 359 1988 811 1M 5250 0 --- - ee- .- e e
§ 1 713.06 6170 2104 7.83 1877 2512 ---  eee eee T SO
5 6 28.83 19.48 1811 180 LTO0 1926 - e e R
5 11 30.95 8,33 17.89 1429 30.45 30.83 - - ee- e e e
5 20 14t 2.1 1n --- --- --- --- .- --- m—— e e
Little LAT8 5 - e e --e== -=- 80,00 98.72 45.75
Blue
Reron § 19 - - e -— 158 1150 1 .- --- 25,93 311 R.M
§ 2 -e- - ee— —— 181 .00 1667 -~ - 16.67 46.49 53.00
R078A 5 4 B - e e ---ee= === 12,50 27.81 6427
R078B 1 R ---eeme=- 20T 4978 43.00
LA79B 5 R —— e e --- eee ee- 80019 93,59 3197
ERTY 3 1 . mem e .- e e .- e e
6§ 2% - - - 5600 --- - - 3.8 119 - - -
R | T Y X { TR TS I/ SN X 1 BRSSP
1 o - e e -~ 0.61 3250 052 - - 5.24 20.35 49.65
1879 6 11 6.67 0.14 16.00 -  5.24 27.00 1333 -~ - 33,33 53.96 41.00
S SRR T (O VW A TR
RP79 5 4 N - e e --- -e= - G182 33.93 35,20
6 | R --- === - 73.68 97.11 36.82
6 § e emm mem e e e eeneee e 5556 5.1 43.40
§ Ul e e e e eem e e e eem 4515 5242 42.50
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Table 8. cont. Consumption of four most commoaly eaten prey items for each heron species duriag various meating episodes.

Prey Species

Ganbusia affinis Poscilla latipinna Leponis punctatus Palacmonetes paludosus
Species  Nesting Nonth Day ] | L ] ¥ b ] | 1 [} ] L
Rpisode
LASO 5 13 --- -e- --- --- .28 2125 M. --- o s mee ---
IN80 5 21 - --- - 12.00 €6.17 40.25 1400 0.56 16.08 200 1.15 41.00
AN81 5 6 305 0.2T  12.88  11.02 64.02 19.79 56.69 1.57 15.18 ——- ee- ---
5 11 23.90 3.90 12.08 38.38 37.78 18.58  20.61 13.84 16.49 —.- eee ---

.45 6.22 12.88 17.29 3308 17.67 25.70 422 M6 - - -
53.24 13.88 12.43 13,99 16.00 17.53 6.48 8.97 16.41 - e e
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STANDING CROP SAMPLES OF PREY ORGANISMS

HERON FEEDING SITES.-- Food availability was determined at 53
feeding sites used by herons in the coastal and inland habitats of
southern Florida (Figures 7 and 8). These sites were those most
heavily used by birds during the sampling period. Herons take a
wide variety of prey, perhaps on oécasion everything that is
available in the Everglades, thus food available consists of all
edible items, including fish, amphibians, and invertebrates. It
is also useful to evaluate availability in terms of those prey

frequently taken. Both approaches will be used.

As noted above, much of the diet of herons can be understood
thorugh the several prey items that comprise most of their diet.
Table 9 shows 12 of the most commonly taken prey items. Nearly
60% of the food items available are composed of three species and
nearly 61 of the biomass available is composed of 6 species
Eiéﬂgwgfwgg;Se 12 species account for thé‘;;ur most important
species in the diets of the four species of herons. The
availability of these species at each feeding site is shown in
Table 10. An important point to note is that the standing crop

samples were completely dominated by the mosquitofish, which made

it difficult to discern patterns.

Aspects of food availability we studied included biomass per
m 3, number of food items per m 2, and the mean length of food
items (Tables 11, 12). We explored the relationship among these
variables using factor analyses. Two factors accounted for 74% of
the variability among feeding sites (Table 13). Factor 1

accounted for 46% of the variability, and was comprised pricipally
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of biomass, with high co-correlated loadings by both numbers and

length, and a negative correlation with water depth (see also
beyond). The second factor accounted for an additional 28%. Thus
it appears that biomass is a primary predictor of food
availability, and is probably the most critical aspect of food and
feeding site use. Food available differed among locations,
ranging from 2.9 to 2600, g/m 3 (Table 12). The relationships
among food availability, hydrology, and heron nesting success are

explored in subsequent sections.



Figure 7.
food availabilit

Feeding sites in the southern Everglades where
Y samples were collected.

55




I~
-——l
|
i
- uw
A2
| w
_ (V]
P o
w
| ©w o
~r ”_ -
I a <
> 2
v 0
— "]
O g =
-— Q
o 2 I
m ¢
—— c— ‘ .
lllll ~~o |
N
—

3
<
3
(=)
L
=
/- b
- k> z
g NS
2 LT avOX 31vis *
N @
N3
5 o
w W./ [}
- IR !
m - (llll'l-/'llul-"--
3 N\
< AN
3 %6, \
———— %%\
lllllll N &
“ N\ N
| @ \ %
I g0 \
| $BeT \g
LI
1S =\
) 29 9
e
- < “
BT
]
- :
R o )
-
\\
\\
\\
. V4
Vd
P d
V4
P4
”
\\\
V4
P4




i
F~-==1 : ® \\\
,’ i, 1 \
! 3 e
I Ly 2, 83) 10 62
! Lo, | 5 '
: T ! :
I BIG CYPRESS 1-: | 4 1
| NATIONAL PRESERVE | _j '
( . j
! " p
% 1
£ ! 55 !
~ L Lo ! 58
N ", ( J Miami
N "1 FY—e —— e
\ Lo, oA &
\\ * !
\ 4 L ((
\\ 11 1 /
L
)
\ EVERGLADES, 7/ &' d
\ NATIONAL 7~ &
7/
\P PARK_-~ &
\ &
\ 2N
\ /
\
) /
[)
Il Slgugh
Ve
\ o )
\\\ O
\\
b
\\
\\\
\\\\ // /
NN
Figure 8. Feeding sites in the northern Everglades where

food availability samples were collected.
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table 9. List of prey species available among standing crop sites expressed as percent (at
least 1% of total number (N), percent total weight (M) and mean prey lemgth in

ms (L). Importance (+) marks those species which are in the group of four highest
percent total number for each heron.

Code Prey Species ] X L Gk Sk T8 LB
1 Ganbusia affinis 29.00 8.0t 16.78 + + + t
22 Palaemonetes paludosus 17.00 2.21 18.18 + + +
b Beterandria formosa 13.00 1.57 12.70 +
3 Cyprinodon variegatus  §.00 6.22 16.35 + t
5 Jordanella floridae 9.00 8.92 20.98 4
2 Poecilia latipinna 6.00 9.07 24.93 + + +
{ Fundulus confluentus 6.00 12.85 32.36
1 Lucania goodei 4.00 1.47 18.80
8 Fundulus chrysotus 3.00 3.4 24.82
2 Procambarus alleni 1.00 8.32 33.61 t
{1 Leponis punctatus 1.00 - 12.73 43.69 +
4 Ennecanthus gloriosus  1.00 2.58 31.21

T0TAL 24998

8407. 447¢.
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Tables 10. Relative percent number () and mass (¥) of the total array pre
y species re
cosaonly eaten prey iteas for each location. pecles represeatiaf all of Hhe herons four most

Prey Species

{ Location 1 2 2 2 a
. r 1 f 1 1 1§ 1 ¥ 0% 0171
I 1500 1000 0.00 0.00 0.00 .00 240 €17 5640 15.95 20.00 60.39 1.60 051 4.8 6.5
2 .00 MAB 444 1757 333 3934 444 1705 0.0 0.00 000 0.00 155 10.87 0.00 0.00
3 4L46 170 488 000 0.00 000 T2 1504 996 272 8.7 T .07 Ta1 0.0 0.00
C BLEE 34T 000 0.00 170 3264 950 1355 411 0.80 0.0 0.00 411 257 0.0 0.00
S 4T.00 3608 860 3132 0.00 0.00 695 14.34 345 8.07 000 0.00 0.5 0.41 0.00 0.00
6 15.05 .97 1413 1852 2007 3059 1963 13.27 0.5 0.6 275 5.08 000 0.00 0.00 0.00
D ALI8 S5 T2 533 0T 4T3 122 9.08 18T 031 043 0.2 007 0.81 0.00 0.00
8 000 0.00 000 0.00 $9.62 99.87 0.00 0.00 9.0 0.00 000 0.00 0.00 0.00 0.00 .00
o 4n21 L35 ST 480 0.00 000 T.69 2635 2.2 629 0.00 0.00 035 0.24 009 0.06
0 56 195 .47 0.00. 000 0.00 1846 2014 8.3 072 1389 ST.46 B33 361 0.0 0.0
0 si42 655 060 0.05 1497 1654 B.06 0.6 0.0 0.00 476 1552 476 163 0.00 0.00
0 a8 613 1233 5.1 1.0 6.9 109 1283 685 06 2T T8 411 120 0.00 0.0
3 19 438 000 0.0 0.00 0.00 202 180 8.9 133 13.23 55.30 50.26 2202 0.00 0.0
(I3 39 IL86 355 056 236 800 1744 1695 257 226 873 4284 1197 0.00 0.0
5 W .84 641 1089 125 6.6 1037 3124 875 074 10.00 2056 375 191 0.00 0.00
6 148 470 2.3 0.0 225 257 S8 LI 1A 156 393 151 207 391 0.00 0.0
0 m38 200 000 0.0 0.0 6.00 6087 5335 0.0 0.00 0.00 0.00 0.0 0.00 0.00 0.0
B 2643 955 1007 241 220 854 S13 1122 94T 209 062 LT 272 320 007 0.9
9 M6t 600 15T SO0 043 051 81 1502 LIS 182 0.0 0.00 B 32 AT M
0 a0 09 535 Bl 000 G0 05 2T 1.0 281 006 L1 B3 L1 06 4%
o a76 W20 54T 26 000 000 223 1L 43 125 028 801 385 1L 0 LA
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Tables 10. cont. Relative perceat nuaber (F) and mass (N) of the total array prey species representing all of the heroas four
post commonly eaten prey items for sach location.

Prey Species

Locationl 1 2 3 5 2 2 {1
) | 1 | | | I ¥ i ] 1 ] i ] ¥ ]
2 1.80 010 180 171 0.00 0.00 8.98 2.77 23.95 0.83 1.20 2.27 0.00 0.00 0.00 0.90
2 26.56 8.9 12,50 18.05 0.00 0.00 24.22 9.21 7.81 2.54 5.47 .01 .81 .62 0.00 0.0
U 1257 637 2,99 449 0.00 0.00 2.99 6.35 1437 2.70 3.59 56.99 47.31 10.11 0.00 0.0
P4 0.1 0.08 1.21 1.06 '98.24 98.65 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 9.00
% 35.66 9.10 1434 7.2T 000 000 1.64 3.13 16.80 7.87  0.41 33.67 21.31 1503 0.00 0.00
a 49.81 20,73 6.95 6.29 0.00 0.00 6.18 15.07 10.42 4.88 1.16 35.81 16.60 8.09 0.39 3.43
28 13.58 0.44 18,52 8.03 0.00 0.00 6.17 1.66 494 0.13 30.86 84.81 1.23 0.08 0.00 0.00
29 16.09 0.53 8.05 277 0.00 0.00 14.9¢ 463 3.45 0.07 34.48 89.66 0.00 0.00 0.00 0.00
30 3462 2.53 0.00 0.00 0.00 0.00 1538 3.06 0.00 0.00 32.69 91.23 577 0.63 0.00 0.00
i 29.41 2.52 0.00 0.00 o0.00 0.00 588 0.77 8.82 0.20 32.35 87.83 0.00 0.00 2.94 0.42
3 4.8 6.79 222 0.50 o.00 000 2.22 0.65 6.67 0.35 22.22 76.35 0.00 0.00 0.00 0.0
3 67.74 40.17 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 29.03 15.10 0.00 0.0
35 21.47 6.87 11,93 13.13 42.54 4270 694 0.86 1.10 0.10 0.00 0.00 0.31 0.04 0.00 0.0
36 35.19 7.79  0.83 0.54 20.37 34.97 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 9.00
n 48.96 23.09 1.96 2.23 1.64 175 327 524 13.52 2.04  0.22 2,53 19.52 403 414 18.51
38 17.27 6.84 2,22 1.70 16.01 18.77 2.38 2.81 5.55 0.73 0.00 6.00 31.22 10.50 0.00 .00
38 29.55 6.00 6.44 465 0.00 0.00 14.39 21.64 17.42 3.49 5.30 50.90 24.24 10.25 0.00 0.00
40 2212 4,96 1.92 179 6.73 8.83 16.35 13.33 0.96 0.04 0.00 0.00 1.2 0.27 0.00 0.0
4 54,65 30.98 2.47 8.02 1.91 480 7.40 15.98 15.12 5.50 0.00 0.00 9.31 2.06 0.00 0.8
2 1092 3.04 2.87 217 51.15 18.81 16.67 34.57 1.72 0.38 0.00 0.00 0.57 0.03 0.00 0.0
4 7.96 213 L7T 2.29 118 2,29 2448 21.40 18.17 409 0.00 0.00 0.00 0.00 0.00 0.00
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Tables 10. coat. Relative perceat number (N) and mass (¥) of the total array prey species representing all of the herons four
nost commonly eaten prey iteas for each location.

Prey Species

Locationl 1 2 $ 6 a1 1) )
! | i i ¥ ] 1 ] I i ] | 1 | I ]
£$ 15,00 12.21 2.50 6.%0 0.00 0.00 20.00 41.93 375 .80 0.00 0.00 55.00 25.92 0.00 0.00
46 10.85 2,07 1.55 0.63 10.85 20.19 34.88 27.80 3.88 0.38 0.00 .00 10.08 1.51 0.78 4.3
a 2.03 0.55 058 3.2t 2.81 .65 47.67 41.40 12,21 2.21 0.00 0.00 0.5 0.06 0.00 0.00
4 6.11 2.06 4.63 498 1.87 0.79 51.43 51.75 .57 1.35 0.00 0.00 0.49 0.06 0.00 0.00
4 0.00 0.00 000 0.00 98.59 61.81 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.0
50 0.00 0.00 1.14 7.65 97.73 75.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
51 12,59 1.03 000 0.00 0.00 0.00 o000 0.00 0.68 0.001 0.60 0.00 1.02 0.01 26.19 42.60
52 26.57 6.35 0.00 0.00 0.00 0.00 0.00 000 19.05 6.47 0.00 0.00 6.00 0.00 0.00 0.0
53 13.6¢ 0.03 0.00 0.00 0.00 000 0.00 000 1.52 0.01 0.00 0.00 1.52 0.01 6.06 45.41
54 37.25 1.94 0.22 015 0.00 0.00 0.00 0000 8.20 0.24 0.22 0.41 4457 1.53 133 1581
55 50.43 36.12 5.3¢ 18.59 0.00 0.00 0.00 0.00 7.26 2.2 0.00 0.00 20.84 427 0.00 0.00
56 40.33 3.9 0.00 0.00 0.00 0.00 0.00 0.00 1473 0.6¢ 0.00 6.00 1527 0.62 2.97T 41.70
57 17.85 23.46  0.00 0.00 0.00 0.00 0.00 0.00 32.65 21.98 0.00 0.00 40.80 25.85 0.00 0.0
58 17.66 26.21  0.00 0.00 0.00 ©0.00 0.00 0.00 12.26 10.88 0.00 .00 58.35 23.01 0.00 0.00
18 1579 1.99 2.63 7.48  0.00 0.00 2.63 6.28 30.26 2.8 19.74 53.07 1447 408 132 1.0
19 1940 478  4.48 13.69 1.49 2.16 17.91 1.86 17.91 1.86 8.96 38.57 23.88 10.78 0.00 0.00
80 9.80 8.92 6.92 39.22 1.15 7.87 2.02 9.39 6.92 2.99 0.00 0.00 6542 14.22 0.00 0.00

1

See Figure 8 for locations.




Table 11. Nean mass (H) and mean length (L) of each
day sample over total number (K) of prey
ftens collected by herons.

Heron Besting Month Day K 1 |
Bpecies  Ipisode

Great LAT8A 5 8 12 .84 46

Egret 5 13 .13 3.9 16

R078A 5 2 01 0% 8

5 w2 4.1% u

5 M2 4185 60

5 21 .10 28.80 289

L)) 5 § 04 2192 8

5 9 .05 19.89 14

5 16 .07 23.99 @80

FR78B 6 1 .83 5497 16

6 13 .03  19.60 188

) 14 .70 58.55 50

) 20 1.20 65.44 23

LATSA 3 15 .26 3403 10

{ 2 .29 .55 91

4 § .19 33.52 151

{ 23 113 61 23

LAT9B 5 T .31 3.51 50

ROT9A { 3 .18 30.99 152

4 10 .21 3.86 112

¢ 17 40 39.61 19

{ 2 4T Ne 1

ANT92 § 11 15 .87 13

{ 18 .88 50.26 10

§ 26 .54 M4 3

ANT8B 5 3 .28 3.6 8

LA80 4 2 14 B 6

2080 { 24 .09 26.15 13t

¢ 29 .17 28.38 198

5 6 .09 32.98 62

5 18 .12 2401 100

5 23 .09  65.92 12

AN81 4 13 175 11.92 6

4 17 .29 By |

4 21 .36 42.69 8

5 1 .98 89.47 12

5 6 1.06 59.19 2

5 1 .07 2415 160

Snory LATS 5 8 .02 1852 47

Bgret 5 13 .03 19.86 223

5 18 .07 2534 3

5 19 .05 21,03 207

FR78A 5 4L 06 271.88 &

5 7 .08 30.20 5

5 9 02 18,50 10

5 16 .02 18.85 329

FR78B 8 1 .01 16.48 242

1 28 .02 1883 ¥

60




Table 11 cont. Nean mass (M) and mean length (L) of each
day sanple over total ausber {N) of prey
ftens collected by herons.

Heron Nesting HMonth Day N L |
Species  Rpisode

Snowy LATS4
Egret

2 .06 24.33 303
§ M 2231 15
28 .02 16.52 217
T .03 19.89 8
2106 2148 140
I 02 1u u
10 .04 1079 615
1m .09 358 6
a .08 28.57 66
2 04 2.5 62
8§ .20 3818 19
18 13 .81 18
26 .05 B4 U
Iz a1 8
2 .04 2408 6
% .05 18.70 82
.03 18.94 189
22 .08 2989 8
28 .04 2023 11
5 .08 ez M
13 .10 2446 4
1Im .10 30.54 12
3 0 208 4

4
4
{
§
R078A 3
4

4

4

{

5

S

L

{

5

5

6

1

4

L}

5

5

5

5

R080 5 6 .03 18.%0 b2t

§

5

§

5

4

4

5

5

]

3

5

5

5

5

6

5

6

1

5

6

6

S

5

R078B
AN794
ANT9B
FR79
180

13 .04 18.97 130
18 .05 24.54 68
a 18 2.3 8
% .05 211 9
2 .04 23.09 132
21 .03 2178 2w
102 M6 3
6 .03 20.35 108
106 2.0 13t
2 03 2288 N
§ 0 .88 W
13 .10 20.28 28
1 .05 22712 &
19 .07 2671 M
2 19 8.8
a 06 224 W
I 08 2.6 8
12 .09 30.5%6 8
16 .03 19.72 180
105 22.71¢ 88
2 M w8 U
17 .03 20.83 143
23 .09 26.75 120

ANl

Tricolored LAT8A
Heron

R078A
R078B

FR78B

SAT8




Table 11 cont. Nean mass (H) and mean length (L) of each
day sanple over total ausber (M) of prey
{tens collected by herons.

Heron Nesting Bonth Day ¥ I ]
Species  Episode

Tricolored LATSA ] 9 07 2.6 1
Heron { 6 .10 .58 12
LA79B 5 ¢ 09 2.1 3

5 T 11 2488 16

20794 § 3 0 1676 8

{ 10 .06 26.T1 217

{ 17 .03 19.64 81

{ a4 .07 2100 11

R079B 5 2 01 2.4 50

5 § 12 AU O

ANTHA { 18 .05 2300 7

{ 6 .04 2221 63

AN79B 5 3 07 .10 41

5 16 .09 28.60 72

5 2% .06 40.63 12

FR79 ] 2 .07 2.2 19

RP78 6 ) IS | A 1 | I

6 11 .04 23.09 16

LASD 4 2 .4 2135 26

5 5 .04 22,99 46

5 6§ 02 1994 9§

5 13 .05 25.89 1M

5 17 .05 24.86 49

5 2 05 uu M

2080 4 29 .07 2517 18

5 6 .04 2550 H

5 18 .02 18.56 90

5 29 .09 21,96 14

ANSO 5 7 .4 21,38 29

5 14 .05 21,96 45

5 19 .08 28.56 M

5 24 .08 20,10 48

RE8O 5 2 13 a2

5 23 13 %¥ 1

5 21 13 3.6 25

6 2 .08 2191 20

AN81 ¢ 17 .02 18.58 17

§ 22 .03 20.55 178

4 2 10 2100 W

5 1 .02 21.28 115

5 6 .02 20.15 111

5 11 .05 22.68 84

5 20 08 2111 U

Little LAT8A 5 8 .61 4260 5
Blue 5 19 .16 36.89 27
Heron 8 2 .3 9.0 8
5 2 41 1T 48

1 8 .28 T4 B2




Table 11 cont.
e e sauple et tols! wasber I} of pres®

itens collected by herons.

Heron Besting Honth Day X L ]
Specles  [Episode

Little 20784
Blue Heron FR7S

{2 e u
a 0 B n
2 01 13.86 50
28 10 amn s
o2 e 1

a9 14 2.9 1
18 1.26 4.3 ¢
26 b2 8. 8
RPTS 2 .61 40,02
6 J1 4050 9
11 A 8. 13
LAB0 S A5 .60 o4
13 69 4406 8
HE80 21 AT 3058 N0
ANl b 052011 127

11 02 17.08 456
1% A3 15,42 428

3
6
6
6
1
6
6
6
5
6 1 21 0418
6
6
3
3
5
S
5
$
O 02 16.13 283




Table 12, Nean depth, mass/m 3, number of prey/n 2 for each location sampled
during nesting at Lane River, Rodgers River and Andytown colonies.

Local Year Nonth  Depth Prey Prey
nass count
Rodgers River 3 18 10 29.25 134720 <B40.50
Lane River ? 18 3 18.57 2.88 3.2
[} 18 4 19.00 6.13 6.08
] 18 5 9.67 56.03 21.67
20 19 £ 15,00 182.95 144. 465
1] 4] 5 26.80 16.66 16.70
26 19 6 36.50 8.69 30.50
3 80 3 1.00 211.92 2.10
37 80 3 10.00 219.14 §7.41
4] 80 {  12.00 104.54 78.56
2 80 5 15,00 32.%2 10.88
49 81 3 12.00 15.08 5.32
50 81 3 10.00 8.76 29.33
Rodgers River 3 18 2.1 5.81 5.13
] 18 ¢ B 201.50 45.42
1 178 5 .38 1347.20 187.00
1 18 6 17.81 21.10 13.36
11 19 2 1450 30.49 11.50
21 19 §  16.17 108.35 119.33
23 19 5 18.00 21.89 12.80
25 19 6 .00 2.3 90.80
35 80 3 8.00 243.78 39.81
3 80 3 8.00 192.02 9.4
40 80 ] 8.00 n.n 3.2
43 80 5 3.00 295.26 21.18
5 81 2 .0 10.58 2.00
46 81 2 16.00 97.99 3.22
4 81 2 12.00 185.20 8.60
8 )] 2 12.00 502.21 25.38
Andytown 1 78 3 21.65 .14 1.35
5 18 4 16.00 322.95 154.17
9 78 5 11.00 279.66 190.83
10 18 6 31.30 3.07 3.60
22 19 5 15.25 184.45 20.88
21 19 6 17.90 19.86 25.90
39 80 { an 19.07 inn
51 81 { 11.80 1011.99 58.80
52 81 { 11.00 16.92 14.67
53 81 § 13.50 576.97 1.17
5 81 5 13.50 2613.42 225.50
5% 81 5 0.00 0.00 234.00
56 81 5 17.00 1664.72 303.33
51 81 5 11.50 114.35 540.50
58 81 5 11.20 35.68 104.20
18 18 10 39.00 18.71 19.00
19 78 1 29.2 13.59 16.75
15 19 1 17.88 32.46 20.00
16 19 I 15.88 35.54 22.25
Lane and Rodgers 18 19 3 9.38 406.49 180.75
Rivers
19 19 3 13.50 328.74 153.40
3 80 I 23.% 8.87 8.2
kI 80 3 5.33 0.00 1.00

64
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Table 13. Factor analysis of parameters of food availablilty

Loadings
Variable Factor 1 Factor 2
mean mass/ m 3 0.921
mean prey length 0.700 0.618
mean number of prey 0.593 -0.530
mean water depth -0.374 0.668

cum % explained 45.7 74.0




DEPTH LIMITS.--Wading birds, such as herons, 66
characteristically feed by wading through shallow water (Kushlan
1978), and foraging opportunities for various species can be
limited and determined by water depth (Kushlan 1976a, 1981b,
Kushlan et al. 1985). Herons can to some extent compensate for
deep water behaviorally, by using feeding behaviors such as diving
or plunging, or by perching on top of floating vegetation, such as
water lilies or floating bladderwort. Aerial foraging is
inefficient, and is used only under particular conditions of high
availability of food on top of the water. Lilies are not
sufficiently abundant to be used often by large number of birds,
although bladderwort is abundant and can to some extent support
the weight of the smaller herons. When a heron stands on
bladderwort and its attached periphyton, the mass sinks but not
necessarily to the bottom, allowing foraging in some water depths
that would not otherwise be available. Such foraging is not
particularly effective, as most of the prey remain below the
periphyton mat and are unavailable to and unseen by the heron.
Therefore in most instances it is reasonable to expect depth

limits to prevail during the normal wading-foraging of herons.

Some aspects of the limits to foraging depth can be
appreciated by evaluating the leg-lengths of the species. The
unfeathered portion of the legs of herons from southern Florida
are 23 cm long in the Great Egret (23.3, sd=2.07, n=13), 15 cm
long in the Snowy Egret (15.3, sd=2.19, n=7),and 16 long in the
Tricolored Heron and for the Little Blue Heron (15.9, sd=2.32,
n=8, and 15.6, sd=1.02, n=9). Herons can forage deeper if willing
to get their feathers wet. Although the actual morphological

limits are difficult to determine, because of the difficulty of



measuring the belly height of standing birds, maximum wading 67
depths would be about 1/3 again deeper than the length of the
unfeathered legs, or about 30 cm for the Great Egret and about 20
cm for the smaller herons. There is no anatomical restriction on
minimum foraging depth as each species can feed on dry land, if

food were available (Kushlan 1978a).

Water depths at sites chosen by aggregations of herons
outside of the nesting season averaged about 23 cm deep (22.9,
sd=4.28, n=13), about the same as the unfeathered leg length of
Great Egrets. Maximum depths used can be greater. The average
depth of sites used by individual herons feeding in the flooded
Everglades marsh, also outside the nesting season, was 4-6 cnm
deeper. Great Egrets fed at depths of nearly 30 cm (29.5,
sd=7.63, n=74), whereas Tricolored and Little Blue herons fed in
about 27 cm (27.5, sd=18.97, n=46, and 26.9, sd=7.46, n=34).
These foraging depths necessarily exceeded the unfeathered leg
length. Such foraging is not uncommon for Tricolored and Little
Blue herons. The deepest sites were used by taking advantage of

the support offered by the bladderwort-periphyton mat.

From these data we can infer that the preferred and maximum
foraging depths used by Great Egrets are about 23 cm and 30 cm,
whereas the preferred and maximum depths used by the smaller
species are 16 cm and 27 cem. For purposes of generalization, we
can set the acceptible foraging depth for all species at below 30
cm, given that deeper depths can be used, albeit inefficiently,
through behavioral choices Sr by perching on floating vegetation.
This can be modeled as in Figure 9 A, the shaded area indicating

the zone available for heron foraging.



Figure 9. Water depth preferences of foraging herons.
Top-A. Herons can feed by wading only at water depths less than
30 cm. Bottom-B. Heron foragingwdgpth is also limited by prey

...availability below 5 cm water depth'and at less than 20 g/m 3 of

prey availabile.” Maintenance levels of prey availability (20-50
g) are shown.
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An important aspect of heron use of the Everglades is the
seasonality of its use. Information on water depth limits
suggests one reason why this is so. The water depths in the
Everglades marsh during the wet (nonbreeding, October-February)
season exceed that preferred by herons. Data are available from
three sites, on each in the lower (Rookery Branch), middle
(Panther Mound) and upper (Cottonmouth) parts of the Shark Slough.
At the site near the mangroves (where herons do feed in the dry
season) nonbreeding season water depths averaged 35 cm (34.8,
8d4=9.10, n=24, 1877-1982); 1in the site near the midpoint of the
slough, also used by herons in the dry season, the average
nonseason water depth was 43 cm (43.3, sd=9.41, n=24, 1977-1982);
in the upper slough water depths far exceeded potential foraging
depth being nearly 50 cm deep (49.0, sd=83, n=24, 1977-1982).
Birds were seldom observed feeding at this site in any numbers
throughout the study period. These higher depths, which were in
part caused by the input of discharge of surface water into the
upper slough immediately to the north. Thus it is clear that,
irrespective of food abundance, wet season water levels in the
Everélades marsh exceeded those preferred and used by most heron
aggregations, and the existence of such water depths precludes the
use of the core Everglades marsh as foraging habitat outside the

dry season.
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FOOD LIMITS.~-- It is reasonable to expect that food abundance

- could also limit foraging site selection. The best estimate of

the levels of food required to support extensive feeding is that
found at sites where mixed species aggregations occurred outside
the nesting season. We found that the prey density at such sites

(October through February) was about 35 g/m 3 (35.3, sd=23.88,

” o

range 18.7 - 107.1,fn=13), The choice of such sites indicates the
level of food sufficient to support nonnesting maintenance of the
herons. Only one of these sites exceeded 100 g /m 3, the next
highest being 50 g/m 3. The use of such a site reflects the fact
that herons do not overlook relatively higher densities, should
they come available in the nonnesting season. In general, prey
abundances on the order of 20 - 50 g/m 3 are used during the
nonnesting maintenance period of the year.

We also found that prey availabilities at potential feeding
sites in the Everglades marsh itself are below maintenance levels
during high water periods (9.8 g/m 3, sd=9.65, n=24§for the mid
slough, and 10.4 g/m 3ﬂ£br the upper slough).lWSucﬁ/patterns of
food abundance suggest further why herons do not feed in the
Everglades in large numbers in the wet season. Interestingly prey
densities in the lower slough are not as far below maintenance
levels (17.0 g/m 3, sd =12.02, n=24), suggesting water depth is
the principal inhibitor of foraging in this area in the wet
season. In fact herons do feed along the edges of the Everglade§
in otherwise high water periods, especially along the Stairsteps.

on the Gulf Coast and in similar locations along the south and

southeastern coasts.

Thus the interaction of water depth and food availability
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appears to determine foraging sites used by herons. This can be

seen by examining, overall, the sites actually chosen by herons

outeide of and during nesting (Table 14). Outside the nesting

season, sites used by herons along the coast were shallower and
had higher levels of food available than in the inland marshes
that were available (these near the Stairstep area). Herons
appear to be able to forage sufficiently to maintain themselves at
prey densities of 20 - 50 g/m 3 at water depths of less than 30

cm, and preferably near 15 cm deep.
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Table 14. Food availability at feeding sites used by herons
outside of and during the nesting season.
Time and location g/ m 3 water depth (cm) N
Outside nesting season
Inland 35.3 23.5 13
Coastal 199.0 16.0 4
a
During nesting season f
Inland . 35b.2 11.3 27
Coastal 3,199.1; 16.93 16
1) . e
j é O 5 5
o R4
-+ 0
vp )
LG
Vi
()(/} 15
WA/'7VK
s N i
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FOOD AVAILABILITY IN THE NESTING SEASON.-- As can been noted

in Table 14, food availability at foraging sites used prior to the
nesting season along the coast and during nesting 1n1and appear to
exceed the levels required for maintenance, suggesting that higher

food levels are used and probably required for successful nesting.
So xﬁw\ W %L‘a <) X,é‘ yyijic{ NH{LJ g

Patterns of prey available at foraging sites chosen during
various nesting episodes are shown in Table 15 and Figure 10.
Food available ranged on average from about 10 to about 860 g/m 3,
clearly indicating that differences occurred among nesting
episodes. These differences are demonstrated in the cluster
analysis of Figure 10. Food available during five nesting
episodes did not exceed that required for maintenance alone, and
two did not even approach maintenance levels. A second cluster of
availabilities exceed 220 g/ m 3, whereas a third cluster is
intermediate, having food avgilabilities of 100-200 g/ m 3. It is
hypothesized that these divergent food availablilities might be
related to differing nesting success, as is discussed below in the

section on Mortality.



Table 15. Food available at foraging sites used by herons
during several nesting episodes, and the mortality class

for each species of herons.

1

Episode Food density Mortality

(g/ m 3) GE SE TH LB

X sd
,{\,

LA79B 11.7 7.05 )2' - 3 3 -
LA81 11.9 4.48 2 - - - -
RO78B 22.1 - h - 2 1 1
RO79B 32.1 14.44 |2 - - 1 -
LA78 21.7 - 29.79 [3 3 2 1 2
ANBO 79.1 . —79.07 51 - - 3 -
LA8BO 157.0 108.57 | 4 3 3 3 -
AN78 153.7 171.37 1 4 - - - -
RO80 129.8 129.57 | 6 2 3 3 -
ANT9B 107.2 123.45 |2 3 1 2 -
LA7T9A 192.9 - 11 1 1 2 -
RO79A 281.5 1564.81 3 1 1 2 -
RO78A 518.2 724.60 | 3 1 1 1 2
AN8B1 862.0 980.76 7 1 1 1 1

1
See Mortality section for explanation, - = no nesting attempted.
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Figure 10. Cluster analysis of the nesting episodes on the
basis of food availability.
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FOOD AVAILABILITY AND HYDROLOGY.-- Table 14 suggests that the

differences in food availablility shown in Figure 10 may be
related to differences in hydrology, particularly water depths.
/5;;1ng the nonnesting period, there seems to be no statistical

relationship between prey availability and water depth (R=-0.17, p

= 0.28). Thus prey densities appropriate for maintenance appear

~ to occur at various water depths. The situation becomes very

different as feeding sites begin to dry and food become
concentrated. Figure 2 shows how water levels fluctuated during
the nesting season at representative stations in the Southern
Everglades in four years of the study. The general pattern is for
a decline in water levels to occur during the Spring,
February-May, during which time nesting occurs. During such
drying periods, food availability is inversely related to water
depth. Higher food densities occur at lower water depths, and
lower food densities occur at higher water depths. These general

patterns are shown by the trend lines in Figure 11. Moreover,

this figure shows that the higher densities within a trend tend to

occur in the water depths that are preferred by herons, 10-20 cm.

This general pattern is proven by considering the
relationship between water depth and food availablity. Overall,
there is a significant negative correlation between food
availability (g/m 3) and water depth (R = -0.229, P= 0.04, N=59.

“fhis result suggests a causal realtionship: as water depths

decrease, food density increases,

Despite the significant linear relationship, it appears that
the actual model is more complicated, as can be seen in the

scatter plot of all trappings taken at heron feeding sites (Figure
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12). The inverse relationship between water depth and food is

clearly shown in that all trappings having very high food density
occur at depths of less than 20 cm. Although traps having low
fish densities occur at all water levels, clearly more high
density trappings occur at low water depths. The relationship of
very high food densities to drying conditions can also be seen in
this figure, which shows that the highest densities occur in the
spring, rising from March, through April, to May, following the
normal drying trend. Figure 12 also suggests that a decrease in
food abundance may occur at very shallow depths, eg <5 cm, which
may be due to mortality that occurs when oxygen becomes depleted

(Kushlan 1979, Kushlan and Hunt 1970).

The interaction of water depth and prey availability suggest
further restriction on suitable foraging sites. This is shown in
Figure 9B, where foraging range is limited not only by high but

also by low water depths. This figure also shows the restrictions

:of foraging placed by prey density, showing below maintenance,

maintenance, and above maintenance levels of food availability.

We can model the pattern of rise and fall of maximum food
density as a skewed bell-shapped curve (Fig. 13) This model,
supported by the underlying data, suggests that food densities are
low at low water depths and rise to a maximum at about 15 cm and
decrease, especially after 25 cm. Because of vagaries of
production, dry season concentration, and mortality, any prey
denisities can occur within the curve of maximums so described.
Thus it would be predicted that low availablities would occur at
various water depths, but very high densities can occur only at a

specific range of water depths. Comparing Figure 13 and Figure
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9B, we can see that the zone of high availablity conincides with

heron foraging range. Thus it is within this narrow range of
water depths that foraging herons can feed, choose to feed, and
encounter food densities above maintenance levels. Water depths
in the interior achieve these levels only during seasonal drying

conditions, when water levels fall from their wet season heights.

- e
v

The shallow water depths where food concentrates are made
available by the falling of water levels. Thus a second
hydrological variable that could affect food availability is
recession rate. Water depth at feeding sites and the recession
rate over the previous 14 days are not significantly correlated
(R= 0.133, P=0.28, N=20). However, the realtionship between prey
availability and recession appears to follow the same pattern as
does prey availability and water depth (Figure 14). Maximum food
availability occurs at rates of -1.2 to -0.7 cm/d, being lower at

//both higher and lower drying rates. This result suggests a

—

/ statistically independent role of recession rate in providing food

availability and further suggests the optimality of intermediate

recession rates.



Depth

Figure 11. The relationship between water depth and food
availability (g/m 2) during three years. Lane River = 1, Rodgers
River = 2, Andytown = 3.

6L



Gm/m3

2000 4
4
4
5
4
5 s s
35 3 3
3 3
[ N J o 3 . °
oo o e ® o °
I .;2.:5::..; ° L4 o o
° ® °
0o 0 00 00 80 00 823 88 02 00 00 e !L; 0o 0000 000 0@
5 10 15 20 25 30 35 40
Depth(Cml

Figure 12. Scatter plot of food availability (g/m 3) at
various water depths. Data are for individual samples; large

dots = multiple observations. TLarger observations for March (3),
April (4), and May (5) are shown.
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Figure 13. Model of the relationships of food maximum
availability and water depth superimposed on a scatter plot of
observational data (see Figure 12).



2000

1500

Gm/m9

1000

Figure 14.

Relation of food availability to recession rate.

-1.5

-1.0

-05

Rate (cm/day]

00



WEIGHTS AND MEASUREMENT OF PRE-FLEDGING YOUNG 83

Mass and linear measurements of hatching herons increase with
age unless low food availability stunts growth. Generally the
increase in mass and body parts follow an increasing trajectory
leading to an asymptote reflecting fledging size and can be
modeled using several appropriate asymptotic curves (Ricklefs
1967, see Kahl 1962 and Kushlan 1877 a, b for an analyses of the
growth of the White Ibis and Wood Stork in southern Florida).
Such analyses presume knowledge of bird age, and curve fitting
disguises significant variation. Although we were able to obtain
growth data on an exceptional number of birds for such a study,
standard growth analyses are too crude to provide comparisons

among nesting episodes.

The masé and culmen growth curves for the four herons are
shown in Figures 15 - 22. they demonstrate one important result.
In each case the scatter of points is tighter for culmen than for
mass, which suggests first that culmen is a better indication of
approximate stage ofdevelopment and second that the variability in
mass growth is likely a reflection of differing environmental

conditions in the various nesting episodes.

There is in fact significant relationships between culmen and
mass for all species. The slopes of all were significantly
different from zero (P<0.05 - GE: T= -5.802, n= 1123; ©SE: T=

-.274, n= 1045; TH: T= -16.203, n= 1224; LB: T= -9.587, n=

354.) An inspection also indicates that substantial deviations of
individual points from any model would occur. These deviations
were investigated to see if they reflected differential growth and

nesting success among nesting episodes.
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Figure 15. Scatterplot of biomass growth of Great Egrets
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Figure 19. Scatterplot of culmen growth of Great Egrets.
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NESTING SUCCESS

f(MORTALITY.-F Nesting mortality is the death of young birds in
the nest. In that mortality is seldom actually witnessed, we used
several criteria to estimate it. A marked nestling was considered
to have died if it was found dead,Vigfit experienced a loss of
“yeight;(which was invariably followed by its disappearance), éf
disappeared from the nest during the first five days of life, that
is before it was capable of leaving the nest on its own. Measured
in these ways, mortality is a highly conservative measure of
nesting success. It does not include the loss of eggs, which if
added would increase over all mortality for a nesting episode.
The fate of eggs was not considered because in nearly all cases it
is impossible to know how many eggs were layed originally and
because such loss can be caused by factors other than
environmental conditions on the foraging grounds. Secondly, it
does not include as dead those chicks that disappeared after being
able to leave the nest. Most mortality data are for chicks under
three weeks of age, when in fact most mortality occurs (Pratt
1970, Gladstone 1979). Thirdly, it does not include chicks who
died in the first days before they could be marked. Thus the
overall loss of young is greater than was documentable as
mortality. Furthermore the mortality data are biased by the
frequency of colony visits, which was limited for some remote out
of season sites such as Reed Pond and 0il Well sites. The data

from some of these sites is somewhat tenuous.

The mortality rates for the several species in various
nesting episodes are given in Table 16. Mortality rates differed

among species in the same nesting episodes. Mortality rates also

l//" Yo, s

>y




table. 16. Nortality rates (percent loss of chicks) for each
aesting episode.

Resting episode 41 H § T8 LB
1 2 ] 1
LATS 4“1 15.2 3.8 3.6
3 3 2 3
20784 11.5 6.2 13.8 1.8
2 2
IR78A 1.6 8.8
i 3 2
AF798 50.0 9.8 12.1
3 3 2
LAT8A 9.1 8.3 1.3
3 3 2
20794 6.6 5.1 12.3
2 2
ANT9A 24.8 $5
| 1 1
LASO 80.8 8.4 2.1
2 1 1
R080 26.2 5.0 28.6
3 3 3 3
AN81 8.3 2.1 1.1 6.9
2 1
I8 26.0 61.9
3 ¢ 3
ER79 6.1 5.8 6.1
2 3
2078B 20.8 6.0
1 1
LAT9B 63.3 60.4
i 1
P79 0.0 3.3
A 1
KH80 14.6 459
3
R079B 3.8
1
ANBO 7.8
2
SAT8 6.9
3 3
HH79 0.0 8.3
3
ON78 3.8

1
See Table 1 for colony sites and time of mesting episodes.
Bpisodes sharing superscripts belong to similar clusters in
Figure 26.
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differed significantly within species among nesting episodes

(Tables 17 - 20).

Among-species, fairly high mortality occurred at Lane 1878
for Great Egrets and Little Blue Herons but not for Snowy Egrets
and Tricolored Herons. Similarly in the poor nesting episode at
Lane 1980, Great Egrets suffered twice as much documented
mortality as did Snowy Egrets and Tricolored Herons. In sum,
these results reflect the differing responses of the heron species

to the same environmental conditions.

For all species in general, the nesting episodes associated
with least mortality were those occurring under drying conditions,
such as those at Lane River, Rodgers River, and Frank Key sites in
1979, prior to the rainy season (LA79A, RO78A, FR79), and at
Andytown (AN81). The best available standard for relatively
successful nesting in southern Florida during our study was at the
Andytown colony site (AN8l), where water levels were iﬁihow and

recession rates high (see Figure 2).

Herons suffered more nesting mortality éfter the beginning of
the rainy season. Great Egrets had heavy mortality after the
rainy season in 1979 at Andytown (AN79B) and did not even continue
nesting after the beginning of the rainy season in other episodes
(eg., RO78B, LAT9B, or RO79B). Snowy Egrets nesting after the
rains in interior colonies did poorly in 1979 (LA79B) and suffered
intermediate mortality in 1978 (LA78B). The correlation of
relatively low mortality with drying conditions is proven
conclusively by the mortality patterns in the high water year of

1980, when nesting mortality was uniformly high at Lane and



Table 17. Chi-square values for comparisons of mortality among mesting for Great Rgrets.

i

t = pot significant (P/}b.BS). See Table 1 for full mames and times of mesting episodes.

q .

LATS  ROTSA  ANG1  ANTSA  LATOA  ROTOA R030  ERT8A
LAT8 -~ _50.84 8173 .06 6374 11273 .52 8.30 1263
20780 .70 ¢ --- 1.0 987 0248 3.26¢ 24119 867 5.0
(1131 513  0.955 -  17.54  0.26%  0.53% 32496 15,85 11.M
AT9h 1425 2088 5579 ---  39.84 8369 215.46 0.0 1.1
LATOA  49.48  0.25%  0.34x 1555  --- 1.92¢ 321.26 13.88  8.67
R07SA  83.16  3.45  0.61% 30.60  1.83% --- 49497 21.97 2.2
LABD  27.37 245.16 358.81 446 292.79 47185  ---  80.08  98.63
- 080 9.05 13.71 20,22  0.05% 19.25 4131 12512  --- 0.3
FR78A 3378 2218 4872 1.82% 3.4 .04 3T8.T3  L.0ir ---
1

95



Table 18. Chi-square values for comparisons of mortality among mesting episodes for Smowy Rgrets.

96

LA78  BO78A ANl  ANTB  LATSA  ROTSA  LAGO  ROSC  FRTBA  BRT9  ROT8R  LA79B RIS
L7 ------ 9.09 38.95 213 40T 10.97 20.21 1143 052 944 1.28x 65.86 61.16
RO78A 16.21 ------ 1204 378 145 0.12¢ 183.96  84.05 26,20  o0.01x 33.38 362.07 339.38
AM8t 8.9 1.56% ------ 22 305  L4s 6187 3393 1235 1.49% 1471 116.97 109.96
AN79B  1.89%  1.78%¢ 1554 ------ 0.23  2.51% 49.03 22.96 424 1.91% 6,07 10020 94.54
LATOA 3.6 0.85¢ 13.05  0.26% ------ 1.30% 69.42  33.76 7.2 0.94r 10,20 140.46 131.40
ROTSA 077 0068 4.8 2648 1.2 -eeee- 102.14 52,78 15.35  0.04% 19.34 199.84 187.40
La80  81.3¢ 281.20 755.91 160.30% 200.92 322.57 ------ 1.52  55.80 297.06 4400  9.05 7.32
ROB0  48.66 228.20 635.40 114.95 149.86 255.55 11.50 ------ .42 2330 19.58  55.16  49.09
PR78A  0.7Tx 22,75 82.81 .54 12,00  26.64 30.57 10.16 ------ 3.4 0.25r 73.95  68.35
RR79  5.21  0.01r 360 1.27¢  0.52  0.02¢ 58.76 30.11 84T ----e- 10.76  115.50 108.27
R078B  1.77x  26.51 90.12  9.91 14,86 30.68 2191  6.35  0.24x 21,29 ------ 55.89  51.48
LATOB §3.92 168.39 419.82 1 97.26 118.38 185.39  2.68¢ 10.57  39.65 171.56 32.95 ------ 0.03
IR78B  35.54 112.05 280.19 64.50 79.28 123.42  1.53r 6.68  26.01 11417 2154  0.02% ------
1

t - pot significant (P<0.05, df=1). See Table 1 for full mames and times of mesting episodes.



97

1
Table 19. Chi-square values for comparisons of mortality among nesting episodes for Tricolored Nerons.

LAT8  ROT8A ARSI AMT9A  LATSA  ROTOA  LASO  ROBO  FRYS  RO78B 518 LATOB  ROTSB
e 1 - 10.83 9.01 8 2,28 861 80.21 .01 0918 182.62 1.805 17383 6.018
ROT8A 2 .89 --- 17019 248 1.2 0.24% 39.62 12,45 13.57 217718 8.58 105.35  91.89
MRSl 16 1.74x 12,02 --- 126 5.02  10.31 62.88 32.90  3.56% 9.3 482 13014 114
LLIET Y 5.65 0.97x 4100  --- 0.46%  0.45s 28.34 11.23  1.60%  560.05  0.67% 68.18  5.65
LATSA 9 1.81% 1.87r 1926 0.32%  --- 1.29¢ 28.21 12.26  0.22¢  283.25  0.01% 64.80  1.81%
ROTSA 10 2574 0.24% 15010  1.19% 482 - 49.08 16.90 10.08  1839.30  5.92 126.711  25.14
LABO 12 338.13 57.51 1303.33 106.02 151.M1  70.17  --- .96 204.17 14883.99 163.4¢ 10.76 334.13
BOSO 3 164.50 17.98  679.8)  41.46  65.53  24.05 8.00% --- 9301 7852.04 V1.6 4151 164.50
me 1 0.7+ 3Tx 1399 L10s 0.2+ 271 M1 11T - 224.18  0.13s 86.01  0.76
20788 17 0.32¢ 1.285  0.08¢ 0.84% 0.63% 1.12¢ 5.96 3.208 0.49s --- 0.5 12.20  0.31s
SAT8 3 LT1 401 3156 0.78%  0.02%  2.70% 52.81 23.22  0.28% 47L.72 -~ 1207y 2.1
LATSB 4 420.89 87.69 1552.41 14474 20013 103.02 6.16 23.79 262.07 17480.35 214.00  ---  420.89
R079B 5  0.00s 2.17%  1.80% 0.97% O.46¢ 1.72%¢ 16.04 7.80  0.18%  36.52 0.3+ V7 ---
BETT 8 0.71x  2.88%  0.20¢  1.88%  1.42%  2.52¢r 1.1 1.2 1.11% 0.02%  1.33 2145 0.M
ANTOB 6 18.75  0.24x  110.5¢  0.78x  3.40x  0.01x 3183 1317 .24 1432.08 420 96.47 18.75
ANBO 14 14155 14.78  588.78 ~ 34.97  55.77 2000 8.19  0.03r 79.57  5961.43  61.07  40.04 141.55
BESO 15 15.27  0.03r  80.21 Lads 3765 0.23s 1581 462  6.78  1007.88 441 4213 15.27
RPTS 18 0.51x 20088 0.15%  1.37x  1.02%  1.82% 9.68 5.21  0.80% 0.015  0.96¢ 18.83  0.51%

1

% = pot significant (P <0.05, df=1). See Table 1 for full names and timing of nesting episodes.



Table 19 cont. Chi-square values for comparisons of mortality among mestng episodes for Tricolored Herons.

§ET ANISB  ANB) MO RPTS
WIS 1 10262 8.33 U6 12.06 18262
ROTSA 2 2718 031 ILM 00T 21019
16 9.33 10.08 M55 1296 9.3
ANTSL 11 S60.05  0.3% 10.48  1.30¢  560.05
TSR 9 28325 1218 1155 2.31r 232
ROTEA 10 1839.30  0.01% 15.55  0.55% 1939.30
[AB) 12 1488389 T2.01 405 5187 1488399
ROBO 13 71952.04 25.00  0.03¢ 15.34  7852.04
W9 T 2018 2.58 16.64 4.2 224.18
OB 17T 0.0 1A% 3088 1318 0008
S8 3 LT 250 281 AT 41T
9B 4 1748036 105.36 25.44 80.81 17480.35
1B 5 %S LEM L4 24 WS
B8 (i;izt 2480 693 L0r  0.0n
WIS 6 10208 - 1203 0.45% 1432.08
INBD 14 690143 20.80 - 1254 §901.43
B0 15 10089 0.2 418 - 10008
BPTS 18 0.01x 178 5.04 2.2 ///6j5it /
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1

% = pot significant (P ¢ 0.05, df = 1). See Table 1 for full mames and timing of nesting episodes.



Table 20. Chi-square values for comparisons of mortality among nesting episodes '

i
for Little Blue Herons.

LAT8  ROT8A  ANBI FR79  NESO  RPTO  ONTE  HATS

LAT8 ---  M6.T9 62.18  73.82  2.57%  g.2Tx 13508 4.

ROT8A  26.65  --- .28 1.02r 352 2.8 42,95 .
8T 2434 1078 --- 0.09r 43.58 19.82  1.85  0.17¢
me .12 1036  0.09x --- 61,86 28.83  1.45x  0.6i%
EE80 1.91x 381.85 62,08 95.89  --- J.40r 168.20  64.37
P79 0.16x 157.01 20.54 35.34  2.69+ ---  65.96  22.15
OR76 1087  0.62%  0.38x 0.23x 18.35 810  --- 0.68¢

HETS 11.00  8.69 p.12¢  0.31x 20.26 8.8l 2.02 ---

1

8 = pot significant. See Table 1 for full mames and timing of mesting episodes.
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intermediate at Rodgers for all species. Thus it appears that

nesting success of all three species is enhanced by drying
conditions. Such conditions appear to be essential for Great

Egrets and Snowy Egrets to nest with relatively low mortality.

Great Egrets and Snowy Egrets nesting along the coast on
Frank and Sandy Keys were of intermediate success. After the
rains in 1978, Great Egrets were able to maintain a moderate

nesting success, whereas Snowy Egrets were not.

Tricolored Herons differed substantially from the other
species. They were also most successful in the drying seasons of
interior colonies, and did poorly in several post rainy season
nesting episodes and during the 1980 high water year (LA80, RO80,
LA79B). This species can feed effectively in tidal mangrove
sites, and so was able to continue nesting at the Rodgers River
site after rains began. Mortality rates at some other sites are
ambiguous, and probably anomalous, representing few individuals or
few visits. For purposes of analyses, all data will be included,

but with some caution.

Little Blue Herons, having such a different diet from the
other herons, afe not so dependent on drying conditions inland.
They therefore nest both in the drying season and the rainy season
in various interior colony sites. Nesting mortality was overall
lowest at Frank Key and at two small colony sites in the southern
Everglades (HH78). It nonetheless was poor at similar locations
in other episodes (RP79, HH80), and in the Lane colony site in

1978.
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MORTALITY AND NESTING SUCCESS.-- The significantly differing

pattern of mortality among species and its dependence in part on
water conditions for at least three of the heron species suggest
that this parameter might be used to discriminate among the
overall success of a nesting episode. To investigate this
posssibility we performed cluster analyses (Fig. 23). Three
distinct clustering of nesting success as determined by mortality,
occurred with Great Egrets, and Snowy Egrets. These may be
considered to discriminate among low mortality (0-20%),
intermediate mortality (20-30%), and high mortality (>30%) nesting
episodes. For Little Blue Herons, only the high and low
catagories were found (see also Table 16.) The clustering for

the Tricolored Heron also breaks into three groups, but differs
from the other species in that groups 2 and 3_both represent low
documented mortality, and within the mortality range of group 3 of
the other species. These clustering patterns also reflected
significant differences among nesting episodes as determined by

the Chi-square analyses (at P < 0.05) (Tables 17-20).

Recognition of distinctive clusters of mortality within
species provides the opportunity to search for correlative factors
associated with, and possibly causing the patterns observed.
Patterns of food availability reflect closely with the mortality
classes for three of the species (Table 21). All species with one
exception suffered lower mortality in episodes having higher food
density. The single exception, for Snowy Egrets, appears to be an
anomoiy of data collection at only two feeding sites. Also of
interest are the levels associated with high mortality,
approximately 80 - 120 g/m 3. These are levels associated with or

slightly greater than maintenance, and indicate the food
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GE

SE

TH

LB

Figure 23.

Cluster analysis of nesting episodes by mortality.



Table 21. Mean food availability at feeding sites used by herons
during nesting, compared among nesting episodes having
differing mortalities.

Species Mortality

Low Intermediate High
g/m 3 sd n g/m 3 sd n g/m 3 sd n
GE 370.3 450.69- 7 129.8 129.57 6 79.6 100.27 9
SE 552.5 T44.09 16 23.0 24.48 4 119.2 116.33 12
TH 476.2 818.09 13 311.8 409.52 4 116.1 111.9 13
LB 7567.6 954.80 8 21.7 29.79 3
N Shoo ) foc / .
- ".F«"ﬁ‘ / L i
% r7
Y 7 q/J(6[
N ! . o
N \  ‘ f/ [V
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availability in these nesting episodes was insufficient for

successful nesting. Among-species comparisons are also
noteworthy. Thus the Great Egret appears to require lower food
density than do the smaller herons. The Tricolored Heron requires
relatively high food abundance, both low and intermediate

categories, but these both actually represent low mortality.

Mortality expressed as a percentage of loss does not suggest
in itself the level of production attained during a nesting

episode. This, however, can be seen in the number of chicks

~
e

/-f?v

produced per nest (Table 22). These values are ﬁﬁ&eféstimates as
they include survival to about the third week of life, and
additional mortality is likely between that age and fledging.
First year mortality has been reported to be at least 70% for all

species.

/\ " 21
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Table 22. HNean, standard deviation (s.d.) and sample sise (M) of final brood sise
(number of chicks) by mesting episode.

Heron Species

Nesting 6t 5E T LB
Episode

Nean s.d. 1 Hean s.d. K Nean s.d. B Hear s.d. ¥

LAT8 1.1 0.9 18 2.4 078 18 2.5 0.63 42 1.5 1.38 6
R078A 2.2 0.85 26 .1 0.8 63 2.4 070 10 2.1 0.84 18
FR78A 1.6 0.67 38 2.2 0.7 25

AN798 1.8 0.67 3 2.2 a2 2.3 0.5 28

LATA 2.4 0.60 33 2.9 064 22 2.6 0.65 13

R0794 25 0T M 1 082 3 2.8 0.75 2

ANT9A 2.1 0.65 30 29 0.3 9

LASO 0.6 0.65 13 1.6 0.78 29 1T 0.61 25

R080 Ly em 1.8 0.91 46 1.9 079 31

ANg! 2.5 087 28 3 0 2 3.0 0.64 28 .2 01 a
IR78B 1.5 0.62 18 1.5 0.5 ¢4

n 23 065 30 1.9 0.7 3 2.1 0.80 29
R078B 1.8 118 12 1.8 0.90 25
LAT9B 1.1 0.67 12 1.2 0.8 20
P79 2.2 0.4 b 1.9 0719 12
B8O 1.9 0.92 15 1.2 0.2 10
R079B 2.2 0.88 17
AR80 2.1 0.2 28
5478 2.1 0.60 28
HE79 2.1 0.64 8 &6 051 12

0NT78 2.1 050 9
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scatterdiagrams of daily growth rate against ‘culmen length (Fig.

GROWTH RATES AND NESTING SUCCESS.--As noted above the

24 - 27) demonstrate a significant linear relationship, suggest
that a curvilinear model may be more appropriate, and expose
substantial variation in growth among individuals that should be
analyzable in terms of environmental causality. Such
curvilinearity is reasonable in that one should not expect growth
rates to be consistent over the entire developmental period, a
implication of the usual sigmoid modeling of mass increése by age.
An appropriate model would require a quadratic term in addition to
culmen length. Ricklefs et al. (1984) used original culmen
(OCUL), original culmen-squared (OCULSQ), and original weight
(OWT), each as taken at the beginning of the growth interval being
calculated. OWT was included to account for an historical
component to current growth. They found no significant effect of
clutch size. For Everglades herons, we evaluated multivariable
regression models based on OCUL, OCULSQ, OWT, current brood size
(CLUTCH), and hatching order (ie, first, second or third hatched -
TCHSEQ). The latter two variables provide information on the
current competitive situation in the nest. The array of variables
was chosen to attempt to account for variability not associated

with extrinsic environmental conditions.

Table 23 shows the results of stepwise regression models for

each species. Q@ily growth increases were best modeled using

culmen variable (an indication of developmental state) for all
species. In addition variables loading included hatching order
for the smaller herons, and also original weight for Tricolored
and Little Blue Herons. These results suggest that only

developmental stage and current conditions, not previous
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Scatterplot showing relationship between culmen
h rate (DWTINCl, g/d X 10)

Figure 24.
length (OCUL, cm X 10) and daily growt

for Great Egrets.
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ionship between culmen

Scatterplot showing relat
NCl, g/d X 10)

Figure 25.
10) and daily growth rate (DWTI

length (OCUL, cm X
for Snowy Egrets.
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Figure 26. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and daily growth rate (DWTINC1, g/d X 10)

for Tricolored Herons.



DowX: DWTIKC ACROSS:  OCUL

35.00

3.8

28.06

.8

17.12

11.65

6.18

J1

-4.76

-10.23

-1.70

21 181 8BS BY M) N1 61 HNE B 61D

Y 4 'y 4 Iy ry Y ry Iy 'y Y vy + + Py Fy——t 4 4 + 4
v ) | v L 4 A 4 ¥ A v v v v A v ) { v v L J v v

+ s

I

]

I

1 ' '

+

I ]

I : s
I

I : 1

t T '

I t 1r N t 3

I 2 s o LI |

| 1 t 2 st rt %

I 12ty { 0

¢ Y3512 N2 3 v 42 % %
IF ot 28 @AR3AMIN2IN Y 2

t
I sm2 2528432% 233342822 LR SR S A
[2 28 & 3220253 s24%2%22%42 23 3 LI
I 238244 28823333485322433 ¢ v 232
+222022 432 2TMe5444B2442 B ¥ v B
I #33% 2 2 s43eaesd22343%22323 H% 3 1312 3
I 330 xeae222282822435024%22200% 2 33 8
I* $32 2 2 syvxaey 43 ¥ OS4%5% J4Q% ¥t %
1821 $2 R a4 O588432222 4w2 ¥ 13
# 3 st 22 % £ 2234203332380 23322 3 0t 3
I 3582 £33 £ %2 383 2% x2% 23284232 ¢ ¢ rry3 %

—Pv—'wﬂb—dr—t‘-u—cv—‘n—cn—th—qr—‘h—th—t*t—qmi—dM#n—qh—lt—'-ﬂ-bv—db-ﬂ.-!‘—d‘-v—ll—l'—lh—t-bh—lv—n.—ti—c-o-'

[ 222 % 3 t 230 2258242 ¥y N2 2% % 2

I sx3 Rer  Hrrr ¢ 233 BIeIsM 22% oty t

[ & tt 2 % st % &% ¥ ¥3322 2t 233 3 '
$3xm % 31 2 ® 2 20 WAL 23 22%282r r %
182 2 saseer i teRE243282 B 4 ¥ xr) 13

I ® 3t tEr ot 2133t 112 2 2

I+ 248 % ¢t 3 2 r 123 o+ 2% :

I t T 20t % 132343t 1 t 3
+ ¥ 21  tim % xt 2t

I % 7 0t % 11 t % %

I t v 2 3y

I t e t te o

I t t ot

¢ % t t 1

I X I S
I LI % 8
I t ' r % I
I I
¢ % % +
I 3 L I
I I
I I
I ] I
¢ ' ¢

& ¢ ¢ ¥y $. 'y 4 4.
N U SR S S ST U s s S S S S S SRR A S




110

Figure 27. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and daily growth rate (DWTINC1, g/d X 10)

for Little Blue Heronmns.
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fable 23. Results of stepuise regression model of heron growth

Heron i
Species nodel b 5K 4 P
Great Intercept -6.838 2.223 -3.076 0.002
Egret oCL 1.931 0.1190 16.221 <0.0001
0CULSQ -0.026 9.0015 -17.501 ¢0.0001
2
Nodel ¥ = 169.17, P<0.0001, B = .24
Snowy Intercept 12.172 1.5666 60.362 <0.0001
Egret 0COLSQ -0.018 $.0023 62.930 <0.0001
0COL .633 0.1198 21.908 <0.0001
HTCESEQ -0.842 6.2321 13.145 0.0003
?
Nodel ¥ = 75.09, P<0.0001, B = .18
Tricolored Intercept 11.452 1.3992 66.990  <0.0001
Beron 0C0LSQ -0.010 0.0011 85.075  «<0.0001
0ClL 0.585 0.0956 38.802 0.0010
HICESEQ -0.797 0.2406 10.973 0.0027
ONT -0.023 0.0017 9.044  <0.0001
2
Nodel I = 94,78, P<0.0001, R = .25
Little Blue Intercept 4,361 4.0330 1.169 0.2803
Heron 0CULSQ -0.023 0.0044 28.253  <0.0001
0CoL 1.269 0.2633 20.057  <0.0001
ont -0.043 0.0140 8.550 0.0022
BTCHSEQ -0.808 1.3979 §.123 0.1430
2
¥odel ¥ = 35,52, P<0.0001, B = .28

1

Nodel predicts daily growth imcrease (gms) using the following variables:

0COL = culmen length (ca) at first seasurement; 0CULSQ = (OCUL) ;

ONT = weight at first measurement (gw), BICHSEQ - order of hatching (1,2,3).

2
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conditions or the competitive environment, affects the growth of

Great Egrets. Position in the clutch has an effect on the smaller
species, although in no case did the current competitive situation
with respect to siblings have an effect. Previous growth

conditions did affect the current growth of Tricolored and Little

Blue Herons.

Multivariable equations, using these variables, model the

inherent growth pattern of the species during our study period.

Residual variation around the model may reflect differing
environmental conditons. Standardization of the residuals for
individual birds, linearizes the scatter plot (Figs. 28 - 31)
allowing comparisons among individuals and therefore nesting
episodes irrespective of the developmental stage of the birds when
they were studied. Figure 32 shows the success of standardization

in normalizing the residuals; in each case the residuals are not

normally distributed.

We tested the hypothesis that residual variation was related
to environmental conditions by evaluating the variation among
nesting episodes within species. In confirmation of this
hypothesis, we found that the standardized residuals differed

significantly among nesting episodes (Table 24).

It is likely therefore that residuals can be used to reflect
differences in the success of nesting episodes. These mean
episodic residuals are shown in Table 25. The results of Duncan
range tests are also displayed and based on those results nesting
episodes were assigned to categories representing high,

intermediate, and low growth rates as indicated in Table 26. 1In
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Figure 28. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and z-transformed residuals of daily growth
(ZRDWT) for the Great Egret. ZRDWT are residuals from the
multivariate model of biomass growth against culmen and culmen
squared (see Table 23).
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Figure 29. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and z-transformed residuals of daily growth
(2RDWT) for the Snowy Egret. ZRDWT are residuals from the
‘multivariate model of biomass growth against culmen, culmen
squared and hatching order (see Table 23).
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Figure 30. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and z-transformed residuals of daily growth
(ZRDWT) for the Tricolored Heron. ZRDWT are residuals from the
multivariate model of biomass growth against culmen, culmen
squared, hatching order, and original weight (see Table 23).
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Figure 31. Scatterplot showing relationship between culmen
length (OCUL, cm X 10) and z-transformed residuals of daily growth
(ZRDWT) for the Little Blue Heron. ZRDWT are residuals from the
multivariate model of biomass growth against culmen, culmen
squared, hatching order, and original weight (see Table 23).
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Figure 32. Plots demonstrating the normalization of growth
residuals by z-transformation. Observed residulas are plotted
against residuals expected from a normal distribution. Normality

is shown the linearity of the plot.
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, B), sean and standard duration {s.d.) of
Table 24 stg:gggdoieggzgil(o} daily weight increase among herons 118

and nesting episodes. Vertical bars comnect means which
are not significant at X=0.05 using Duncan procedure.

Standardized Residuals

Heron Species Besting mean s.d. N
Episode
Great Beret wss 6 e —— 129 et b
AN81 361 860 128 oy
20794 343 7135 129 ¢

‘ 0780 294 8162 120
11792 090 9305 160
LA78 - M4 7162 40

BR78B - .355 .9260 b1

R080 - .392 1.0619 &4

ER78A - .562 .7780 112

l AN79B - .618 .9982 50

. LA%0 - .045 .9722 160
Snowy Egret | 4881 .891 .7180 135

‘ LAT9A .20 (6661 50

nn 118300 80
0782 AT .6979 220
LAT8 .029 1.0004 75
ANT9B - 015 9671 5
BT - 017 1797 8
LAs0 - .356 .8934 62
R081 - .396 .8786 148
IR78A - 443 .8160 64
FR78B - .527 .6546 9

LAT9B - .742 1.2631 17

IR076B - 1.362 .7228 17
Tricolored Heron [AN81 J4 1292 126
R079A .356 .6643 99
179 351 .8093 84
LAT9A .24 6686 35
P79 092 .59 13
20784 084 6432 17
2080 041 7940 104
AETOL - 044 4830 27
AN - 048 .7891 154
LaTé - .076 .8903 131
LAg0 - .085 .9370 64
LAT8 - 092 .5243 48
ER80 - 183 .9835 68
l B079B - .265 1.0460 17

BETS - .336 .6642 21
AB79B - 585 .8395 58
ROT8B - .778 .8579 45
LATSB - .838 1.1954 24
Little Blue Heron Aus1 S04 6418 o
l BET 240 8470 27

1 JA8T L7280 86
2078 00 7736 42
BP19 - 210 L9185 41
EE80 - .504 .9686 34
ON78 - .556 .5509 17
LAT8A - .633 .§652 16
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Table 25. Within species comparisons of the mean standardized
residuals for different nesting episodes using
one-way analyses of variance.
MS MS
Species Groups df Error daf F P Level
GE 16.5260 10 .7573 1034 21.8232 < 0.001
SE 14.2321 12 .7037 999 20.2241 < 0.001
TH 9.6856 17 .6459 1117 14.9950 < 0.001
LB 7.1149 7 .5899 349 11.8605 < 0.001




fable 26. Groupings of mesting episodes.

Species  Success Resting Bpisode
feron pe Bortality Growth
6k Bigher LAT9A LATSA
A81 AN81
RO78A R079
B0O78A R078A
AR78A
Intermediate AN79 R080
FR78B IR78B
IR78A LAT8
2080
Lower LATS FR78A
AN79B ANT9B
LASO LA8O
SE Bigher 81 1151
LAT8A LAT9A
IR79 [§1R]
20782 RO78A
AN79B
20794
Internediate LA78 LAT8
20768 ANT9B
FR78B 2079
Lower LA8 L8O
2080 R081
FRT8B 78k
LAT9B IR78B
R078b
LAT9B
8 Higher AN81 ANS1
879 R079A
RO79B IR79
RP79 LATSA
R078B kP79
LA78 R078A
Internediate RO78A R080
AN79B ANT9A
LAT9A AN80
ROT9A LATS
ANT9A LA8O
79 SA78
B8O B8O
SATS R078B
Lower LA80 BA79
2080 AN79B
AN80 R078B
LAT9B LAT9B
LB Higher AN81 AN81
HH79 BA79
IR79 79
078
RO78A
on78
R0784
Lower RP78 RP79
B8O R8O
LATS LATS

120
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all cases nesting episodes in the higher categories exhibited

positive residuals (ie, greater than the average represented by
the regression model. The lower category represented negative
residuals. The intermediate category also represented negative
residuals, with the exception of LA78 for Snowy Egrets. These
results suggest that analyses of residual growth rates may be used

to evaluate the success of nesting.

The growth rate categories show a remarkable general
agreement with similar categories erected based on mortality data
(Table 26). For Great Egrets, Snowy Egrets, and Little Blue
Herons, the few nesting episodes not classified in the same way
were shifted between the adjacent category, and the growth rates
associated with them were not significantly different from those
in both adjacent categories. Given the tenuousness of the
mortality data and the small sample size from some nesting
episodes the agreement is encouraging. Unfortunately this is not
the case for Tricolored Herons, which show considerable divergence
between classifications schemes. Small sample size, the inclusion
of & ﬁupbé;é\small nesting episodes, 1até nesting, and the
substantial overlap of groups of growth rates that are not
significantly different from each other all may have lead to the
difficulty in distinguishing among categories. Also the
intermediate categories for Tricolored Herons were characterized
by both low growth rates (negative residuals - Table 26) and
relatively low measured mortality.
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!
O zg4
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ECOLOGICAL RELATIONSHIPS

The results obtained from analyses of mortality and growth of
Everglades herons suggest that considerable variability existed
among nesting episodes. The results obtained from consideration
of hydrology, food availability, and food consumption suggest that
environmental conditions appear to impact growth and nesting

success.

We investigated these potential inter-relationship by
examining the correlations between daily growth rates and 23
variables representing several aspects of the environment
affecting heron nesting success in the Everglades. Growth rates
were described by the mean standardized residuals, as discussed
above. Four groups of variables represented both hydrology (water
depth and recession rates) and food (availability and

consumption). The overall correlation matrix is given in Table

27.

Water depth variables included current water depth at the
guaging station (on the same date as growth data were collected,
STADEP) and the water depth at the food availability station
(YDEPTH). Other stage variables were the average monthly station
water depth in Februéry, March, April, and May (YFEB, YMAR, YAPR,
YMAY). We also looked at average water depth in May and at the
food station after z-transformation to the mean water depth
February-July (ZMAY, ZSTADEP). This was done in an attempt to
make the stage fluctuations at various stations more equivalent.

Although correlations were high, interpretation is difficult



Table 27.

Correlation satrix of environmental variables versus mean
standardized residual growth rate.

Inviron-
pental
Paraneter

Water
Depth

Becession
Rates

Food
bvail-
ability

Food
Raten

Variable

TFEB
THAR
YAPR
THAY
1HAY
15TADEP
YDEPTH
STADEP
RECT
TRECFN
YRECHAR
TRECAPR
TRECHAY
DISTANCE
LOGFISH
LOGMASS
YLGLN
MEANLLN
NEABLAT
ASP 1
ASP 2
ASP 3
ASP &
ASP 6
ASP 21
ASP 22
ASP 41

Correlation Coefficient

Gk 4 i | LB
-8.211 0.088  -0.114 0.210
-0.408  -0.024  -0.226  -0.20)
-0.53  -0.157  -6.213  -0.426
-0.468  -0.360  -0.561 -0.521

0.505 0.434 0.468 0.487

0.681 0.560 0.372 0.436
-0.048  -0.074  -0.086  -0.024
-0.630  -0.399  -0.455  -0.502
-0.347  -0.384  -0.288  -0.360
-0.3%  -0.035  -0.163  -0.43}
-0.562  -0.26¢  -0.386  -0.604
-0.560  -0.456  -0.438  -0.504
-.015  -0.259  -0.380  -0.427
-6.085  -0.001 -0.080  -0.263

§.597 0.318 0.468 0.558

0.483 0.59% 0.531 0.4831
-0.020 0.528 0.288 0.087

0.383  -0.154  -0.387  -0.4%2

0.363  -0.31  -0.407  -0.462
-8.224 0.221  -0.3M 0.210
-0.406 -0.031 0.121 ---

--- -0.505  -0.18% ---

--- --- -0.331 ---

--- --- --- 0.428

--- --- --- -0.413
-0.224 0.262 --- 0.467

0.283 --- --- ---

123



T

124
because standardization rendered absolute depth changes

incomparable among stations (ie, a 1 cm fall at one station no

longer represented 1 cm fall at another),

In general, station water depth variables were negatively
correlated with growth rates. This indicates that the shallower
the water depth in the Everglades during nesting the better the
nesting success. Current station depth was highly correlated with
growth, indicating an important real time component to the
beneficial impact of shallow water levels (low stages). That is

shallow depths create concurrent high growth rates. February

water depth was not highly correlated, because it was prior to
nesting and also because relatively high water prevailed prior to
nesting during most years of the study. Only the water depths
associated with teh AN81 nesting episode were relatively low, and

correlated with the best nesting episode recorded.

The growth of Great Egrets was highly correlated with low
water depths in April whereas Tricolored and Little Blue heron
growth was correlated with low water depths in May. This result
reflects the earlier nesting of Great Egrets. Depths at the food
station did not correlate highly, because the depths chosen by

feeding herons were uniformly shallow and minimally variable.

Shallow water depths are caused by the drop of water levels,
so we investigated the correlations of several recession rates:
the mean recession during the seven days preceeding collection of
growth data (REC7); the mean recession rate from February through
May, the usual drying season (YRECFM); and the mean recession

rates in each month February through May (YRECFEB, YRECMAR,
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YRECAPR, YRECMAY). All recession rates were negatively correlated

with heron growth. The faster the drying, the better the nesting.
Which rates were most important varied among species. For Great
Egrets recession rates in March and April were most important,
reflecting their early nesting. May recession rate was not highly
correlated because in years of high growth rates nesting was
completed by May. The highest correlations for Snowy Egrets and
Tricolored Herons were for April, indicating the importance of
this part of the dry season for these species. All recession

rates were highly correlated with growth of Little Blue Herons,

which not only indicates the importance of drying to that species

but also reflects its extended nesting season.

Food availablility was measured by the distance for the
feeding site from the colony (DISTANCE), the mean number of prey
per m 2 (LOGFISH), the mean biomass per m 3 (LOGMASS), and mean
length of fish (YLGLN), the latter three log transformed for
normality. The number and biomass of available food were highly
correlated with growth rates of Great Egrets, Tricolored Herons,
and Little Blue Herons. The greater the number and biomass of
food available the greater the growth rates. Biomass and prey
length available correlated most highly with growth of Snowy
Egrets. The small negative correlation between fish length and
the growth of Great Egrets suggests that large fishes do not
enhance nesting success of this species. This is important

because this heron can eat relatively large prey.

Distance between the colony and the feeding site was not
correlated with growth rates. Thus this does not seem to be an

important factor in the nesting of Everglades herons. Presumably,
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+the distances traveled (which can be over 30 km) did not affect

nesting.

The effect of the diet actually consumed by herons was
evaluated useing several variables. Overall diet quality was
evaluated by mean length of prey items and mean weight of prey
items taken (MEANLLN, MEANLWT), both log transformed.
Additionally we evaluated the proportion of the total daily diet
composed of the four prey most important in the overall diet,
evaluated by biomass. All proportions were arcsine transformed

for normality. For the Great Egret the species were mosquitofish

(ASP1), sailfin molly (ASP2), prawns (ASP22), and spotted sunfish
(ASP41). For the Snowy Egret, the prey species were mosquitofish,
sailfin molly, sheepshead minnow (ASP3), and prawns. For the
Tricolored Heron, the species were mosquitofish, sailfin molly,
sheepshead minnow (ASP3), marsh killifish (ASP4). For the Little
Blue Heron, the species were mosquitofish, least killifish (ASP6),

crayfish (ASP21), and prawns.

The growth of Great Egrets was most highly correlated,
negatively, with sailfin mollies and was also negatively
correlated with prawns. Although these species made up important
components of the diet, the Great Egrets did better when they were
not abundant. Sailfin molly numbers were inversely correlated
with sunfish numbers, suggesting that they did better where
sunfish were taken, and in such places sailfin mollies and prawns
were not taken or not available. Similarly the growth of Snowy
Egrets were negatively correlated with proportion of sailfin
mollies in the diet, again suggesting that this species

represented relatively poor feeding conditions. Tricolored Heron
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growth was negatively correlated with the proportion of marsh
killifish in the diet. Little Blue Heron growth was negatively
correlated with the proportion of least killifish and negatively

correlated with the proportion of crayfish.

These correlations reveal much about the conditions necessary
for high growth rates, and therefore successful nesting, in the
Everglades. The bivariate correlations best demonstate the
independent relationships of each variable with growth rates.
However it is useful to try to reduce the number of variables by
eliminating co-correlations that arise because some of the

variables inevitably vary together and so explain similar amounts

of the residual variability of growth rates. To reduce
covariation, we performed a series of stepwise multivariate
regressions. For each heron species, four regressions were run,
each on the variables within each of the four environmental
categories (Table 28). Four regressions were run per species in
order to maximize the number of cases used in that not all
variables were available for all cases. For water depth, the
contemporaneous water depth a the reference station was entered to
provide an indication of present conditions, and then the more
general and historical variables of monthly mean depth were
entered based on their calculated tolerances in a stepwise
fashion. Depth at the food availability site was not run owing to
its poor bivariate correlation. For recession rates, the seven
day rate was entered to account for present conditions, then the
means over longer periods were entered stepwise according to
tolerances. For food availability, mass was entered because it is
the most encompasing variable, being composed of a combination of

prey numbers and prey size. The other variables were then allowed
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fable 28. Besults of discriminant amalyses for classification of the nesting episodes of four species of herons by mortality.
Table shows the canomical correlation and significance for discriminant functions derived from the total set of
environmental variables. Kach analyses achieved 100% correct discrimination.

D1 D2
2 2
Reron % Yar.  Canonical Corr. 1 at P % Yar.  Canonical Corr. 1 af P
Species
Sk 66.64 0.991 143.34 32 <0.0001 33.36 0.982 65.09 15 <0.0001
Gk 81.84 0.993 111,85 32 <0.0001 g.16 - 0.832 35.46 15 ¢0.01
TH 67.19 0.952 103.13 3 <0.0001 32.81 0.909 8.1 16 <0.001

LB 100.00 0.959 1.54 6 BS
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to enter if they explained additional variation. For food

consumed, all variables were entered stepwise according to their

tolerances.

The resulting regression equations provide an indication of
the primary set of environmental variables that explain most of
the residual variation of growth rates. The variables and their
loading order are shown in Table 28. Variation in the growth of

Great Egrets is best explained by current water depth, the current

recession rate,(ﬁ%%ch rece;;;;;i;;;é, the mass and number of prey

available, and the proportiéﬁ.of sailfin mollies. Variation in
the growth of Snowy Egrets is best éxplained by the current water
depth, the mean water depth in May, the current recession rate,
the recession rates in April, May, and in February-May, and
biomass available and mean biomass of prey items consumed.
Variation in the growth of Tricolored Herons is explained by the
current water depth, the mean water depth in April, the current
recession rate, the recession rates in April, May, and
Februafy—May, the proportion of marsh killifish in the diet, and
the mean biomass of prey. Variation in the growth of Little Blue

Herons is explained by the current water depth, the current

Erecession rate, the recession rate in March, the biomass

available, and the proportion of prawns consumed.

M

Thus overall the variation in growth rates of herons in the
Everglades can be explained by current hydrological conditions
(current depth and current recession rate), the biomass per cubic
meter of prey available, and additonal variables that include
additonal drying periods,and the species and length of prey

consumed. These variables indicate the important environmental
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fable 29. Results of multiple regression model of primary eavironmental
variables on heron growth.

Reron 1
Species nodel b B | 4 P
Great Intercept -0.360 0.3468 -1.039 0.3101
Egret ASP2 -0.648 0.2690 -2.401 0.0249
LOGRISH 0.379 0.1300 2.914 0.0081
REC7 -0.250 §.1004 2.489 0.0208
TRECHAR -0.124 f.2402 -0.517 05104
STADEP 0.006 0.0067 0.950 0.3522
LOGHASS -0.168 06.0776 -2.162 0.0418
2
Nodel ¥ = 5.76, P <0.001, R = 0.61
Snowy Intercept -1.415 1.98930 -0.710 9.48%7
Bgret NEARLNT -2.610 §.0298  -0.648 0.5242
YRECAPR 0.034 0.3370 0.100 0.9214
RECT 0.012 0.1804 0.066 0.9476
YLGLY 0.630 0.6180 1.020 0.3194
ASP3 -0.810 0.3669 -2.209 0.0384
THAR 0.020 0.0122 1.855 0.1127
LOGNASS 0.028 0.1067 -0.261 0.7969
STADEP 0.029 0.0160 -1.1M 0.0900
2
Nodel ¥ = 3.79, P<0.01, B = 0.59
Tricolored Intercept -0.075 8.3276 -9.229 0.8203
Beron NEANLNT -2.262 - .u11 -1.023 0.3159
TRECRY -0.195 0.1587 -1.228 0.2305
ASP4 0.190 0.2763 0.688 0.4978
RECT 0.081 0.1064 -0.764 0.4516
LOGHASS 0.045 0.0606 §.738 0.4672
THAY -0.012 0.0113 -1.117 0.2742
YRECAPR 0.007 0.2447 0.029 0.9772
YRECHAY -0.121 0.2638 -0.459 0.6502
STAPRP 0.008 0.0120 0.726 0.4743
2
Bodel ¥ = 4.30, P<0.01, R = 0.60
Little Intercept -0.425 1.2529 -8.339 0.7669
Blue ASP22 1.822 3.2412 0.562 0.6307
Heron TRECHAR -2.268 0.9520 -2.382 0.1401
RECT 0.918 0.5247 1.748 0.2223
STADEP 0.022 0.0517 0.258 0.8204 }\ e,
LOGHASS 0.027 1.2529 6.080 0.9438

2

Nodel ¥ = 2.62, P20.05, R = 0.87

1

Model predicts standardized residual (zresid) of daily growth increase
using the primary environmental variables.
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conditions required for successful nesting of herons in the 131

Everglades and explain about 60% of the residual variability in
growth rates (Table 29). Given the differing biology of the four
species, it is encouraging that the same several hydrology and
food availability variables correlate with a quantitative measure

of nesting success.

The success of environmental variables in predicting nesting
success can be assessed directly through discriminant function
. analysis. As an overall test of the hypothesis that environmental

conditions can be used to predict nesting success, discriminant

functions were developed using the entire array of environmental
variables. Figures 33-35 provide representative results in
discriminating among categories of nesting episodes classified by
nestling mortality. The environmental variables provide 100%
correct classification of episodes, proving conclusively that
environmental determine nesting success. (Little Blue Herons were

not run because of the small sample size relative to variables.)

To reduce the adverse analytical effects of attempting to
load a large number of variables, we compressed the number of
variables need to representing those conditions. We used the
prihary set of variables developed from within-category regression
analyses. The discriminate functions loaded variables according
to tolerances. The resulting two discriminate functions (one in
the case of Little Blue Herons) clearly separated the nesting
episodes classified either by mortality (Fig. 36-38, 42) or by
growth residuals (Fig. 39-41, 42; Tables 30-33). 1In all cases
the environmental variables correctly classified nearly all

nesting episodes with respect to their nesting success. The
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classification rates for growth categories were 94% for Great

Egrets, 96.7% for Snowy Egrets, 88.9% for Tricolored Herons, and
100% for Little Blue Herons. The correct classification rates for
mortality categories were 96.4% for Great Egrets, 90% for Snowy
Egrets, 94.4% for Tricolored Herons, and 100% for Little Blue

Herons.

The discriminating power of the environmental variables is
impressive. Seldom has it been possibleto be able to define so
thoroughly the physical and biological conditions necessary for
reproductive success. It is clear from our results that water
conditions and the resulting pattern of food availability

determine the nesting success of herons in the Everglades.
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Figure 33. Plot of the values of two canonical discriminant
function scores for Great Egret nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the entire set of
environmental variables.
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Figure 34. Plot of the values of two canonical discriminant
function scores for Snowy Egret nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the entire set of
environmental variables.
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Figure 35. Plot of the values of two canonical discriminant
function scores for Tricolored Heron nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the entire set of
environmental variables.
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Figure 36. Plot of the values of two canonical discriminant
function scores for Great Egret nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the pPrimary set of
environmental variables.
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Figure 37. Plot of the values of two canonical discriminant
function scores for Snowy Egret nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the Primary set of
environmental variables.
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Figure 38. Plot of the values of two canonical discriminant
function scores for Tricolored Heron nesting episodes. Cases are
identified by their mortality classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the primary set of
environmental variables.
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Figure 39. Plot of the values of two canonical discriminant
function scores for Great Egret nesting episodes. Cases are
identified by their growth residual classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the primary set of
environmental variables.
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Figure 40. Plot of the values of two canonical discriminant
function scores for Snowy Egret nesting episodes. Cases are
identified by their growth residual classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the primary set of
environmental variables.
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Figure 41. Plot of the values of two canonical discriminant
function scores for Tricolored Heron nesting episodes. Cases are
identified by their growth residual classification group (1-3).
Asterisks indicate a group centroid. Numbers may represent more
than one case. Analyses are based on the primary set of

environmental variables.
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Figure 42. Plot of the value of one canonical discriminant
function score for Little Blue Heron nesting episodes. Cases are
identified by their growth residual classification group.
Analyses are based on the primary set of environmental variables.
Top: separation based on mortality classification. Bottom:
separation based on growth residual classification.
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Table 30. Results of discriminant analyses for classification of Smowy Bgret
pesting episodes by mortality and by growth residuals. Table
shows canonical correctations of each of the primary environmental
variables that loaded significantly on the discriminant functions.

i1 1 DR2
Variables coeff. corr. coeff. corr.
Growth Residuals
YRECAPR 0.71135 0.47097 0.43519 0.11380
ASP3 0.32417 0.20618 0.78193 0.13217
LOGHASS -0.00485 -0.46921 1.22621 0.50801
STADEP 2.16735 0.33108 0.22883 0.11503
THAR -2.06668 0.05587 0.15995 0.21776
TLGLE 0.12006 -0.12105 ~0.04079 0.00976
MEANLNT 0.22903 0.19670 0.83023 0.12392
RECT -0.25756 0.14269 -9.30873 -0.19346
% Variance 86.51 13.49
Canonical corr. 0.916 0.670
2
1 56.99 14.01
df 16 1
P <0.0001 ¢0.05
Nortality
TRECAPR 0.984979 0.77013 -0.03756 0.12401
ASP3 1.56506 0.31758 0.20069 -0.23316
LOGNASS 0.01702 -0.44208 0.96021 0.58407
STADEP 0.39448 0.25981 2.03313 0.37682
THAR -0.46161 0.10043 -1.12010 0.34229
YLGLN 0.28112 -0.12637 -0.16257 0.23130
MEANLNT 0.46344 .11219 -0.16905 -0.17864
REC7 -0.16250 0.04187 -0.72841 -0.16116
% Variance 88.48 11.52
Ganonical corr. 0.920 0.646
2

I 56.81 12.74
df 16 1
P <0.0001 1S
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Table 31. Besults of discriminant analyses for classification of Tricolored
Heron mesting episodes by mortality and by growth resideals. Table
shows canonical correctations of each of the primary environmental
variables that loaded significantly on the discriminant functions.

DF1 DR2
Yariables coeff. corr. coeff, coIr.
Growth Residuals
" STADEP 0.55347 0.24329 0.72456 0.86924
THAY -1.04267 0.26145 0.31828 0.75193
RECT 1.02447 0.11767 -0.37714 0.19375
TRECAPR 1.79671 0.57521 -0.51109 0.27488
YRECNAY -0.50002 -0.00858 0.41541 0.15762
YRECFN -0.94380 0.09664 0.50507 0.26020
LOGHASS -0.04680 -0.22355 -0.16950 -0.24269
ASP4 0.27398 0.15633 0.04825 0.23183
MEARLNT -0.41069 -0.04149 0.27842 0.34114
¥ variance 83.14 16.86
Canonical corr. 0.934 0.764
H
I §5.47 25.43
df 18 8
<0.0001 ¢0.01
Nortality
STADEP 1.09364 0.44821 -0.31738 0.00702
THAY -0.40752 0.60602 0.73879 0.12003
RECT -0.29959 0.08386 -0.05017 0.17374
TRECAPR 1.30089 0.44593 -1.35014 -0.38783
. YRECKAY 1.62863 0.22676 0.54027 0.42251
YRECEN 0.381983 0.08814 0.38579 -0.23482
LOGEASS 1.40805 -0.009% 0.15680 0.07602
ASP4 -0.31649 0.19531 0.83886 0.27162
NEANLNT -0.13032 -0.00716 0.10394 0.16673
% variance 56.18 43.82
Canonical corr. 0.863 0.834
2
1 74.28 3.5
af 18 8
) <0.0001 <0. 0001
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Table 32. Results of discriminant amalyses for classification of Little Blue
Beron nesting episodes by mortality and by growth residuals. Table
shows canonical correctations of each of the primary environmental
variables that loaded significantly on the discriminant functions.

1} 31
Yariables coeff. corr.
Growth Besiduals
STADEP 5.40116 -0.18187
RECT 4£.117131 -0.04912
TRECHAR -2.27667 -0.19646
LOGHASS 5.51180 0.20749
ASP22 2.65675 0.22343
1 variance 100
Canonical corr. 0.980
2
1 11.32
at 5
P <0.05
Nortality
STADEP 5.40116 0.18187
RECT 4.11131 -0.04912
YRECHAR -2.21667 -0.19646
LOGHASS 5.51190 0.20749
ASP22 2.65675 0.22343
% varlance 100
Canonical corr. 0.980
2

1 11.32
af 5
P ¢0.05




Table 33. Results of discriminant amalyses for classification of Great Egret

nesting episodes by mortality and by grosth residuals. Table

shows canonical correctations of each of the primary eavirommental
variables that loaded significantly on the discrimimant functions.

DFI br2

Variables coeff, corr. coeff, COrr.
Growth Residuals
STADEP 0.63146 -0.28320 1.21180 0.47648
RECT 0.26463 -0.01426 -0.25064 0.23593
TRECHAR -1.77825 -0.53792 -0.69480 0.04436
LOGRISE 0.88077 0.48364 0.13955 0.01781
LOGHASS 0.33781 0.48108 0.35723 -0.03278
ASP2 -0.55677 -0.30184 0.87082 0.59932
% variance 75.48 24.52
Canozical corr. 0.878 0.725
2

1 50.12 16.76
df 12 5
) <0.0001 ¢0.01
Nortality
ADEP 0.79350 0.50338 0.58733 0.51938
BECT -0.25678 0.08486 -0.06658 -0.04898
YRECNAR 0.43346 0.34236 0.20138 0.12202
LOGFISH -0.54645 -0.46374 0.46418 -8.10974
LOGHASS -0.53745 -0.30816 -0.02857 0.50857
ASP2 0.37011 0.14849 -1.02887 -0.71248
% variance 97.11 2.83
Cannonical corr. 0.954 0.476
2
1 59.890 5.78
daf 12 5
P ¢§.0001 ns
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POPULATIONS. -- Determining heron population levels was not a
part of this study, but data were gathered on nesting numbers of
herons in the major colony sites in Everglades National Park by

o ground censuses. Such data are substantially more accurate than
ﬂﬁJ . .
| the estimates arrived at by aerial surveys, especially for the

f,smaller herons that nest under the canopy of trees and are
invisible from the air. As a result the numbers we report are
reasonably accurate. Robertson and Kushlan (1974) suggested that
these species were decreasing, and although this seems likely, our
data provide no quantitative documentation of a changing nesting
status of these species. The most comparable data set available
is that from a 1975 study sponsored by the US Fish and Wildlife
Service (Kushlan and White 1977), in that both censuses were'based
on ground counts and colonies were active and produced young in
both years. The maximum population present in the major park
colonies during our study was higher than that in 1975 for two of
three species that could be compared. In 1879, the numbers of
Great Egrets in major park colonies were 150% that of 1975, and
Snowy Egrets were 164% that of 1974. Tricolored Herons were 61.4%
of the number that nested in 1975. Thus the comparable data are
mixed with respect to any continuing nesting population declines.
The population trend is best documented for the Wood Stork. The
nesting population of this species has decreased markedly during
the past 25 years (Kushlan and Frohring 1986, Ogden et al. 1987).
In any case, the numbers of herons nesting in the Park appear to

be below that which could be expected in such a large wetland.
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And it is clear from our data that in some years, such as

148
1980, few individuals nest in colonies in the Park.

But there is
no reason to suspect that individuals are in any way permenently
bound to a colony site, but rather move among available sites in
different seasons. This understanding recently has been
documented by Bancroft and co-workers (pers. comm.). Thus the
regional populations of each species of heron includes the nesting
and non-nesting residents of all of southern Florida, which
suggests the need for regional management (Kushlan 1983).
Nonetheless the poor nesting effort and success in the National
Park has critical implications for management. That the herons in
many years choose to nest in other than the traditional sites in
the Park is indicative of differing environmental conditions in
the various management zones of the region, and reflects the

existence of relatively poor nesting conditions in the Park during

most of our study.

Our results have implications with respect to monitoring the
regional populations of southern Florida herons. Of primary
concern is securing reliable and timely information on the status
of breeding populations. The pattern of seasonal change of the
number of birds observable on feeding sites indicates that many of
the herons present in southern Florida are not part of the nesting
population. This indication has been proven in the case of Wood
Storks (Coulter et al. 1987). More northerly nesting populations
winter in southern Florida at the same time that the local
population may be nesting. From the change in nesting numbers
among vears we documented, it is apparent that not all resident
birds nest every year. Thus the only way to monitor the trend in

nustiﬁg numbers is to census within the colony, rather than on the
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because of summer nesting in small 149
scattered colony sites throughout the interior, monitoring the

feeding ground. Furthermore,

number of birds in the spring nesting colonies alone would
underestimate the population attempting to nest each year. Thus
monitoring nesting numbers would require ground visits to all park
colonies, including those that occur at odd times and places and

in the summer.

Although such monitoring would provide information on nesting
effort, even counting all the birds in the colony sites provides
no information on nesting success, as there is no relation between
nesting success and number of nesting wading birds (Rodgers et al.
1987). 1In this study we have engaged a statistically robust
method for assessing nesting success, and this methodology can be

recommended with confidence for monitoring purposes.

The more usual methods of measuring nesting success, such as
by estimating mortality or the number of young produced to some
arbltrary time, have drawbacks. They require multiple visits to a
colony over the entire nesting episode, from prehatching through
fledging. Mortality is measured either as a percentage loss for
the entire colony or loss per nest. Number of young produced is
also measured on either a colony or a per nest basis. Growth
measurements have the advantage of being measured on a per chick
basis, which increases sample size - of crucial importance in
statistical analysis. Growth rates can be determined with only a
few visits, although a difficulty remains if the chicks measured
are of different ages, as growth rates are not expected to be

constant across growth stages, as we have verified.
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This difficulty is overcome by using as a statistic the

residual variation of a growth interval after the effects of age,

history, and position in the clutch have been accounted for by a
multivariate regression. This methodology permits the comparison
of growth among colonies having differently aged chicks, enabling
monitoring information to be collected over a short period of
time. Such growth Information can also be gathered during or
after a change in environmental conditions to assess its effect.
An additional advantage is that the model effectively accounts for

or omits as unimportant historic conditions. This means the

; growth intervals of individual birds can be treated as being

independent, and the sample size increases to encompass the
collection of all growth intervals measured rather than the number
of chicks measured. Standardization of the residuals normalizes
the data, permitting the use of powerful parametric analysis in
investigating differences among colonies, times, locations, or
vears. The growth analysis technique allows real time comparisons
of nesting success among colonies and times in a manner that is

sensitive, effective and inexpensive relative to repeated colony

visits throughout the nesting season.

Evaluating growth rate data, we found that low growth rates
were the rule in most nesting episodes during our study period, as
was high mortality. We can conclude that most nesting episodes
were unsuccessful from 1978 through 1981. These results indicate
that environmental‘conditions in the park wetlands were not
conducive to successful nesting. They also suggest that whatever
porulation decreases might have occurred over the past decade were

undoubtedly do in part to prolonged poor nesting success.
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NESTING SUCCESS.-- Our data showing high mortality and slow e
growth rates during most nesting episodes suggest that recruitment
was limited in most years from park colonies. Although a number
of studies have documepted mortality, survival, or growth of
nestling herons, few have been able to document the populational
impact of specific criteria of nesting success (Dusi and Dusi
1970, Siegfried 1972, Wiese 1978, Rodgers 1980, 1987, Pratt and
Winkler 1985, McKilligan 1985). Unfortunately it is not known
what levels of fledgling production are necessary to maintain
population stability for most heron species. Henny (1872) in his
study of Great Blue Herons indicated that an annual recruitment of
1.9 young per two adults is required for replacement. This value
is 1.9 per two adults in the potentially breeding population, not
just those appearing to nest in a given year. Subsequent studies

supported this estimate (Forbes et al. 1885).

After our measurement period, considerable additional
mortality typically occurs. Pratt (1970) demonstrated that
mortality of Great Egret chicks increased in the third week, after
we no longer were able to follow them. Furthermore, mortality
subsequent to fledging appears to be high in species studied to
date. Kahl (1963) found mortality in Great Egrets to be 76% in
the first year and 26% thereéfter. He also found that migration
correlated with higher mortality in the first six months of life.
Dusi (1983) found that Little Blue Herons had a mortality rate of
74% in the first year and 33% thereafter. Ryder (1978) found a
72% mortality for Snow& Egrets in the first year and 31%

thereafter.

Our cluster analyses divided the nesting episodes of herons
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into three categories on the bases of mortality rates of marked

nestlings and residual growth rates. Given this level of
mortality after nesting and the conservativeness of our estimates
of mortality during nesting, it is likely that only our most
successful categories could have produced replacements. The
nesting episodes we catagorized as having high mortality, 40-80%
documentable losses, are clearly unsuccessful, and in some cases
no fledging occurred. Nesting we classified as intermediate,
having 15-40% documentable mortality, were likely also to have
been unsuccessful from the point of view of population stability.
If the documentable mortality were half of the actual mortality,
this loss plus post-fledging mortality would certainly not permit
population replacement. Only the several years having the lowest
mortality and highest grqwth rétes were clearly successful. These
instances were relatively few during the four years and 50 nesting

episodes (species-colony-time) during the study.

These classifications successfully categorized the nesting
episodes, which were able to be discriminated on the basis of
environmental conditions affecting food availability. Nesting
success of Everglades herons is clearly related to environmental

conditions at the time of nesting, especially those affecting food

availability.
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this study was that food availability determined nesting success
of Everglades herons (for recent general discussion see Martin
1987). Much of the basic ecological and evolutionary strategy
characteristic of herons lends support to this notion. It appears
from recent studies that that the most fundamental explanation for
colonial nesting in herons is food finding (Krebs 1974, Krebs
1978, Kushlan 1981b, Burger 1981, Vessem and Draulans 1986).
Aggregative foraging is similarly adaptive in increasing heron
foraging effectiveness through several mechanisms (Krebs 1974,
Kushlan 1878a, Des Granges 1979, Caldwell 1981). Feeding site
selection is clearly related to food availability in herons, at
least in a general sense (Owens 1955, Erwin 1984, Bateman 1970,
Custer and Osborn 1978, Pratt 1980). However, the correlates of
feeding site selection have been determined only aprroximately.
Several studies have implicated the importance of water depth
(Kushlan 1976, Custer and Osborn 1978). However detection of
additional variables has been relatively unsucessful, as the
failure to find statistically significant correlations among a
number of habitat variables has recently shown (Erwin et al.
1987). Few published studies have been able to document
quantitatively the most difficult variable, food availablity, the
exceptions being studies that have followed the methodology
developed in the present study. Hafner and Britton (1883), for
exanple, were able to document that changing foraging sites were
related to food availability. The results of the current study
are by far the most exhaustive and definitive in demonstrating the

crucial role of food availability.

In the Everglades, feeding sites selected by herons are those
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shallow enough for wading and having appropriate food 154
availability. The latter varies seasonally, being only 20 - 50

g/m 3 during the nonnesting season. However availabilities of 200

- 2000 g/ m 3 are used during nesting, and it appears that for all
species of herons availability must exceed about 300 g/m 3 for

successful nesting (ie low mortality rates).

All of the heron species have a diverse diet composed of most
of the types of prey available in southern Florida. Such wide
feeding niches are characteristic of herons (see summary in
Kushlan 1978). Nonetheless, only a few prey types make up the
bulk of the diet, calculated either by frequency of occurrence of
biomass. High proportions of these heavily used prey types do not
necessarily positively correlate with nesting success. This
result suggests that many of the most abundantly taken prey during
our study period may not have been optimal. Thus prawns, that
make up a large portion of the diet of the Snowy Egret, are not
indicative of good nesting - they are "filler food" used when
other prey are not available. There is no indication that large
size of prey is related to nesting success. In fact there is
evidence to the contrary in the Great Egret. It nonetheless is
likely that individual prey are captured on the basis of
abundance, size, and behavior. The repeated correlations of site
choice and food choice on the basis of biomass indicates the
importance of energy availability to the nesting success of

Everglades herons.

The finding that large fish do not contribute to the success
of Great Egrets, Tricolored Herons, and Little Blue Herons is of

some importance. Fishes and other prey items grow rapidly in the
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important prey species, such as mosquitofish, can mature within
2-3 months (Haake and Dean 1983). Thus individuals these species
can grow quickly to a size herons eat, certainly within one annual
cycle. Also the rapid growth and short life span means the
populations turn over rapidly. Sunfish are among some of the
larger fishes in the Everglades, but even these are consumed when
relatively small. Thus there is no indication that the number,
type, size, or biomass of prey are dependent on conditions in
previous years, only on the way they are made available in the
drying season. Water conditions during the nonnesting season does
nét seem to affect food abundance, although availability is betper
when the dry season starts from a relatively low stage at the
beginning of the recession in February (as occurred near the
Andytown site in 1981). The latter result relates to the pattern

by which prey are made available, not to the sizes or total

amounts present.
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ENVIRONMENTAL CORRELATES. -~ The success of herons nesting in 156
the Everglades can.be predicted and discriminated on the bases of
several environmental variables. The most general of these among
species are water depth and recession rate, both being negatively
correlated. The shallower the water and faster the recession rate
the more successful the nesting of herons in the Everglades. This
can be seen clearly in the case of the nesting episode at Andytown
colony site in 1981. For nearly all species, this episode had the
highest growth rates and lowest mortality. It was characterized
by having shallow water depths in February and dried down from
there with an uninterupted recession rate. It is such
hydrological conditions that are required for the successful

nesting of herons in the Everglades.

It is unlikely that similar results obtained from studies of
the nesting ecology of Wood Storks in the Everglades are
coincidence. The timing and success of stork nesting in
traditional colony sites in the Everglades is correlated with a
rapid drying rate (Kushlan et al. 1975). In fact the population
decreases of this species can be attributed directly to the
reduced nesting success brought about by high water levels in the
usual drying season. That herons require both shallow water and
rapid drying provides encouragement that provision of these
conditions would positively affect the entire wading bird

community (Kushlan 1986a).

The feeding and nesting ecology of six wading bird species
have now been studied in detail in the Everglades and nearby
freshwater wetlands: the Wood Stork by Kahl (1862, 1964), Kushlan
et al. (1975), Ogden et al. (1976, 1978) and the White Ibis by
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Kushlan (1877a,c,d, 1978b, 1979a, Kushlan and Kushlan 1975) and

the four species studied in this report. The ecological
relationships of these species have been discussed by Kushlan
(1986, in press) and Ogden et al. (1980) and the management
implications of the results by Kushlan (1979b, 1983, 1986b, 1887).
For all six species, in previous and the current study, shallow
water during the drying season was required for successful
nesting. Furthermore, with the exception of the White Ibis, rapid
recession rates have been shown to be required for successful

nesting.

Overall we can conclude that the critical variable is the
abundance of food available to the foraging birds, measured in
biomass units of prey density and size. With the exception of the
highly specialized Wood Stork and to a lesser extent the
proclivity of Little Blue Herons for amphibians, all species tend
to consume what is most readily available of their potential diet.
For herons prey type does not seem limiting. Because any size of
prey generally taken can be produced within a growing season,
there appears to be no long term history to prey availability, and
each drying season presents prey made available during that
previous year. Nor is there any indication that absolute levels
of prey abundance are too low. Low prey denisites in the high
water season become dense food concentrations upon drying
thorughout the Everglades and adjacent marshes. In this season
the locations where food is sufficiently dense and water depths
sufficiently shallow are used by nesting birds. The abundance and
biomass of prey during concentration is critical. Such
concentrations occur because of the recession of surface water.

Thus drying is essential for successful nesting of herons in the
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spring. The result of high recession rates is to achieve a water 158

depth shallow enough for feeding and to concentrate the prey items
to the degree that they can be effectively harvested. Such
hydrological patterns determine the nesting success, and

ultimately the population stability of Everglades herons.

One result of this analysis was to suggest that environmental
factors that affect growth_rates are current, which means that
there is little history. 1In fact such variables as original
clutch, current clutch size and past hydrological conditions
seldom entered into discriminant analyses. To the extent that
current rather than past conditions determine nesting success,

management of those conditions becomes less complex.

On the other hand some variables were definitely not
important to nesting success. These include the distance the
birds had to fly to the foraging site. Given the long distances
traversed, it is clear that the entire southern Everglades is open
for feeding, so long as water levels are shallow enough. In the
wet season, water depths are too great and food density too low to
support large-scale heron feeding. However, during the study high
water levels in the upper Shark Slough remained too deep through
most of the year, owing ptimarily to the continual discharge of
water into the Park from the north through the usual drying
season. Thus much of the southern Everglades was unavailable for

feeding because water depths were too high.

Given this understanding of the patterns of prey availability
necessary for successful nesting, it is apparent why hydrological

variables such as current water level, recession rates, and
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bioclogical variables such as biomass available most discriminate

between successful and unsuccessful nesting episodes. The
Everglades must be drying For successful nesting it is apparent
that falling water levels must prevail in the Everglades marshes
through the nesting season and that this recession must result in

water depths shallow enough to concentrate fish and permit heron

foraging.
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RECOMMENDATIONS AND CONCLUSIONS 160

It is concluded that:

1. The nesting success of herons in the Everglades can be
evaluated through analysis of growth rates relative to an

intrinsic model of daily growth.

2. The growth aﬁalysis methodology is appropriate for use in

monitoring the reproductive success of Everglades colonies.

3. The growth analysis methodology is appropriate for use in
assessing the results of environmental events, including

hydrological conditions.

4. Nesting success is correlated with environmental
conditions. Although each species is affected by a different
array of variables, the common determinants of nesting success
include water depth, current recession rate, and biomass of food
availablé at foraging sites. Other depths and recession rates

also are critical to success.

5. The hydrological correlations are negative. That is the
shallower the water depths and faster the recession rate the

greater the nesting success.

6. An example of hydrological conditions conducive to
successful nesting is provided by water level fluctuations at
guage G-33 in Conservation Area 3 in 1981. Low late winter water

levels were followed by rapid and steady recession rates.
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7. The finding of the importance of recession rates, shallow
water depths, and high food density to nesting success is coherent
with previous findings for the Wood Stork and the White Ibis in
the Everglades. Therefore management action benefiting one will
benefit all six species of wading birds that have been studied in

the Everglades.

It is recommended that:

8. That discharge of water into Everglades National Park be
managed so as to produce high recession rates during the usual
Spring nesting season resulting in the availability of shallow

feeding sites throughout the late Winter and Spring.

9. A monitoring program be developed that includes the
assessment of nesting success through use of growth rates for all

four species of herons.
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