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Abundance and Community Composition of Waterbirds
Using the Channelized Kissimmee River Floodplain, FL
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Abstract - We conducted aerial surveys during 1996–1998 to estimate abundance
and species composition of waterbirds using the channelized Kissimmee River to
help understand how river channelization has altered bird use. For waterfowl, mean
monthly species richness was 1.5 ± 0.3 (mean ± SE, n = 11 surveys); mean monthly
abundance was 86 ± 43, 191 ± 70, and 13 ± 16 birds in 1996–97, 1997–98, and 1998–
99, respectively. Blue-winged Teal (Anas discors Linnaeus) were the most abundant
duck (74%) followed by Mottled Ducks (Anas fulvigula Ridgway, 21%). Mean
wading bird species richness was 8.48 ± 0.35 (n = 20 surveys). Cattle Egret
(Bubulcus ibis Linnaeus) were the most abundant wading bird species during the wet
season (64 ± 22% of individuals); White Ibis (Eudocimus albus Linnaeus) were most
common during the dry season (39 ± 23%). Mean total wading bird abundance was
greater during the wet than dry season (F1,15 = 6.29; P = 0.02), with the increase
driven by increases in Cattle Egret (F1,15 = 5.46, P = 0.03) and large-prey visual
foragers (F1,15 = 5.47, P = 0.03). Compared to the 1950s, waterfowl species richness
has declined 70% and abundance has declined 95%. For wading birds, mixed species
breeding colonies no longer occur in the floodplain, and the community composition
is dominated by the largely terrestrial foraging Cattle Egret during the wet season.

Introduction

The Kissimmee River, which flows between Lakes Kissimmee and
Okeechobee in southcentral Florida, once meandered 166 km through a flood-
plain varying from 1.5–3.0 km wide (Koebel 1995). The wetlands associated
with the floodplain historically supported a diverse waterbird assemblage that
included 17 species of wading birds and 19 species of waterfowl (Toth 1993,
USFWS 1959). Most waterfowl used the river during migration or winter, but
Mottled Ducks (Anas fulvigula Ridgway) and possibly Wood Ducks (Aix
sponsa Linnaeus) used the river floodplain for breeding. Wading birds used the
river floodplain system year-round, with at least 3 mixed-species breeding
colonies occurring regularly (National Audubon Society 1939–1951). The
abundance and diversity of these bird species was linked to the spatially
complex mosaic of wetland habitats that were created and maintained by
seasonal patterns in river hydroperiod (Koebel 1995, Weller 1995).
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As part of a flood control project, from 1962 to 1971, a linear, box-
shaped canal (the C-38) 100 m wide and 9 m deep was dug through the
river/floodplain ecosystem. The project resulted in a direct loss of 14,000
ha of wetland habitat. The remaining wetlands were degraded as the canal
converted the natural Kissimmee River channel into a series of discon-
nected meander loops with essentially no flow and no hydrologic
connection to the floodplain. Additionally, the once continuous flood-
plain was divided by a series of locks, dams, and levees into 5 reservoir-
like pools (Koebel 1995). Elimination of the natural flood pulse and
alteration of the extent, duration, and timing of flooding events (when
they did occur), fundamentally changed the abiotic characteristics of the
system. Such changes led to changes in the biotic features of the system
(e.g., Perrin et al. 1982).

The Kissimmee River ecosystem is currently the focus of a major
ecological restoration project. Given the size and scope of the plan, a
detailed evaluation has been included as part of the process. Waterfowl
and wading birds are two of the many taxa that are expected to benefit
from the project and will be included in the evaluation (Toth 1995,
Weller 1995). Quantifying current wading birds and waterfowl abundance
and species composition is an essential step towards understanding the
impact of river channelization on the waterbird community, developing
indicators of restoration success, and establishing a baseline for evaluat-
ing restoration (Anderson and Dugger 1998, Toth and Anderson 1998).
Several earlier surveys of waterbirds of the channelized Kissimmee have
been conducted (Perrin et al. 1982, Toland 1990); but they relied on
count data that provided no measure of precision for abundance estimates
and used methods that are not repeatable. Additionally, habitats continue
to change in the floodplain, thus data from surveys conducted in the
1970s and mid-1980s may no longer represent conditions in the flood-
plain. In this paper, we estimate abundance and species composition of
waterfowl and wading birds on the Kissimmee River floodplain, compare
waterbird abundance to current hydroperiod, and discuss our results rela-
tive to surveys conducted before the Kissimmee River was channelized to
help understand the impact of Kissimmee River channelization on
waterbird abundance and community composition.

Field Site and Methods

The Kissimmee River Basin, located between lakes Kissimmee and
Okeechobee in Glades, Highlands, Okeechobee, Osceola, and Polk counties,
FL, is the northern component of a watershed extending south into Lake
Okeechobee, the Everglades, and Florida Bay (Fig. 1). Regional climate is
semi-tropical, receiving an average total rainfall of 92 cm during the wet
season (June–November) and 42 cm of rainfall during the dry season (De-
cember–May). Details about historic habitat conditions and effects of
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channelization on the floodplain system are described by Toth et al. (1995)
and Koebel (1995).

We conducted monthly aerial surveys June 1996 to Dec 1998. Our survey
area included the 100-year floodplain of Pools A (40 km2), B (66 km2), C (54
km2), and D (45 km2) (Fig. 1). We divided the entire floodplain area into 218
200-m wide transects oriented east to west, perpendicular to the general flow
of the river. For each monthly survey, we stratified our sample by pool area
and randomly selected (without replacement) a sample of transects to survey
within each pool, adding transects until the total transect area equaled or

Figure 1. Waterfowl and wading birds were surveyed in pools A–D of Florida’s
Kissimmee River. Survey area (shaded in gray) extended from water control struc-
ture S65, located at south end of Lake Kissimmee, to structure S65D.
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exceeded 15% of the total pool area. Selecting a new sample of transects to
survey each month avoided problems associated with autocorrelation caused
by repeatedly surveying the same transects (Eggeman et al. 1996). All
transects were surveyed on the same day each month.

Surveys were flown in a helicopter flying at 130 km/hr; survey height
was 65 m during the first year and 32 m thereafter. Change in survey
elevation improved our ability to identify waterfowl to species and had
no noticeable negative effect on wading bird counts (B. Dugger and S.
Melvin, pers. observ.). Using markers on the window to identify transect
boundaries, one observer identified and counted waterfowl while a sec-
ond observer identified and counted wading birds on the same side of the
aircraft; the pilot was not responsible for counting. Birds were recorded
to species when possible; when not distinguishable, immature Little Blue
Heron (Egretta caerulea Linnaeus), Snowy Egret (E. thula Molina), and
Cattle Egret (Bubulcus ibis Linnaeus) were grouped into a single cat-
egory, small white herons, and adult Little Blue Heron and Tricolored
Heron (E. tricolor Müller) were lumped into a single category, small dark
herons. The survey was designed to count all Anseriformes (hereafter
called waterfowl), American Coot (Fulica Americana Gmelin), and 9
species of Ciconiiformes that could reliably be detected from the helicop-
ter (hereafter called wading birds). Additional species of wading birds
were reported when observed and combined into a single category
“other.” Both observers looked for aggregations of wading birds that
might indicate a nesting colony. If an aggregation was seen, the helicop-
ter flew over the site to determine if a nesting colony was active. When
determined to be active, the colony was visited on the ground to estimate
species composition and count the number of nests.

To describe seasonal and yearly variation in precipitation, we used data
from the National Oceanic and Atmospheric Administration that reported
monthly deviation from normal precipitation (DPNP) for each month during
our study. Data for all months but three came from a station located on the
study area (station Avon Park 2 W’, 80369). Three months of missing data
from that station were collected from another station located 40 km west of the
study area (station Archbold Biological Station, 80236). We calculated DPNP
for each season or year by summing the relevant monthly DPNP values.

For analysis of wading bird data, a study year was June–May, and each
study year was divided into two seasons, wet (June–November) and dry
(December–May). We report data for three wet seasons (1996, 1997, and
1998) and two dry seasons (1996–97 and 1997–98). For analysis of water-
fowl and coot data, we report data for winter (defined as November–March).

We tabulated waterfowl and wading bird species richness for each com-
bination of season and year and mean species richness for each season.
Relative abundance, the species-specific proportion of total abundance, was
calculated monthly and averaged seasonally for each species. We also report
wading bird data by foraging guilds. Weller (1995) recommended foraging
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guilds might be a useful ecological unit for evaluating restoration of the
waterbird community. Based on food size, foraging habitat, and/or foraging
method, we categorized species into one of five guilds: 1) terrestrial foragers
(Cattle Egret); 2) sediment probers (White Ibis [Eudocimus albus Linnaeus],
Glossy Ibis [Plegadis falcinellus Linnaeus]); 3) large-prey tactile feeders
(Wood Stork, Mycteria americana Linnaeus); 4) large-prey visual feeders
(Great Egret [Ardea alba Linnaeus], Great Blue Heron [Ardea herodias
Linnaeus]); and 5) small-prey visual feeders (Little Blue Heron, Snowy
Egret, and Tricolored Heron).

For each survey, we estimated abundance for each species as (Jolly
1969):

Y = RZ

where Z = area of total census, and

R = average density per unit area = ∑yji / ∑zi

(where yji = total birds of species j counted on transect i, and zi = area of
transect i). Variance was calculated as:

[N(N-n)/n(n-1)] / (∑y2 + R2 ∑z2–2R ∑yz)

Mean estimates of abundance were calculated for each season. For water-
fowl, we compared winter abundance estimates among years using a single
factor ANOVA. For wading birds, we compared abundance among year and
season using a 2-factor ANOVA and Tukey’s multiple comparisons test
(SAS Inst. 2001).

We examined relationships between bird abundance and area flooded
using a hydrologic data set that reported area flooded (km2) in several
water depth categories (< 8, 8–15, 16–46, 47–61, 62–76, and > 76 cm) for
Pool C (South Florida Water Management District unpubl. data) for each
survey month to test if a relationship existed between bird abundance in
pool C and wetland area for both waterfowl and wading birds by season.
We defined habitat as available for waterfowl between 8–46 cm deep
(Bellrose 1980) and for wading birds between 8–61 cm deep. Because the
category of < 8 cm included both habitat flooded less than 8 cm and all
dry ground, acreage in this category was considered unavailable to both
waterfowl and wading birds for this analysis. We then regressed monthly
abundance estimates for waterfowl and wading birds in Pool C against
monthly estimates of floodplain area inundated. Cattle Egret was
excluded from this analysis of wading birds because they largely used
terrestrial habitats in the floodplain. Additionally, we compared monthly
estimates of flooded area in Pool C (km2) between seasons and among
years with ANOVA (SAS Inst. 2002). Based on hydrologic patterns prior
to channelization (Koebel 1995), we expected the amount of flooded
habitat would be greater during the wet vs. dry season and greater during
a wet vs. dry year. Tests were considered statistically significant if alpha
< 0.05 and all means are reported ± SE.
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Results

Rainfall varied among years during the study; cumulative precipitation
was highest during our second study year (June 1997–May 1998, Table 1).
The relationship between mean area flooded in Pool C and year differed by
season (study year*season interaction, F2,30 = 5.01, P < 0.01). Mean area
inundated was not different among years for the wet season (F2,15 = 0.32, P =
0.73), but during the dry season, area flooded was greater in 1997–98 than
the other years (F2,15 = 10.2, P < 0.01; Table 1). In winter, area flooded
differed by year (F2,12 = 8.51, P < 0.01), being lowest in 1996–97 and highest
in 1997–98.

Military activity on Avon Park Air Force Bombing Range prevented
surveys over portions of the floodplain during some months. As a result, we
completed 11 of 15 possible surveys for wintering waterfowl (only Novem-
ber and December in the third winter), 14 of 18 possible surveys during the
three wet seasons, but only six of 12 possible surveys during the two dry
seasons. Results are presented only for completed surveys. Each survey was
a sample unit for analysis.

Blue-winged Teal (Anas discors Linnaeus), Green-winged Teal (A.
crecca Linnaeus), Mottled Duck, and Hooded Merganser (Lophodytes
cucullatus Linnaeus) used the floodplain during winter. Teal, almost ex-
clusively Blue-winged Teal, averaged 74% of observations, followed by
Mottled Duck (21%), unknown (4%), and Hooded Merganser (< 1%).
Mean species richness for all surveys (n = 11) was 1.5 ± 0.3 (range 0–4).
Because of low overall waterfowl abundance, we combined all species to
estimate abundance. Mean monthly waterfowl abundance during winter
was 86 ± 43, 191 ± 70, and 13 ± 16 in 1996–97, 1997–98, and 1998–99,
respectively. We detected no statistical difference in mean waterfowl
abundance among years (F2,8 = 3.67, P = 0.07); however, the mean was
higher during 1997–98. Monthly waterfowl abundance in Pool C was not
related to area flooded (P = 0.28).

We observed 13 species of wading birds during surveys, 9 species that
were the focus of our surveys plus Black-crowned Night-Heron (Nycticorax
nycticorax Linnaeus), Yellow-crowned Night-Heron (N. violacea
Linnaeus), Limpkin (Aramus guarauna Linnaeus), and Green Heron
(Butorides virenscens Linnaeus). We detected one active rookery (ca. 50

Table 1. Cumulative seasonal precipitation (cm) shown as departure from normal precipitation
(DPNP) for the study area and mean (SE, n = 6) area of floodplain inundated (km2) for pool C
(flooded) of the Kissimmee River floodplain during 3 seasons (wet, dry,  and winter) for
3 years, 1996–98.

Wet Season (Jun–Nov) Dry Season (Dec–May) Winter (Nov–Mar)

Year beginning DPNP flooded DPNP flooded DPNP flooded

1996 -33 4.8 (1.2) -3 2.8 (0.4) -12 2.5 (0.5)
1997 13 4.8 (0.5) 55 7.0 (0.7) 83 7.4 (0.6)
1998 -12 5.6 (0.7) — — -5 5.1 (1.2)
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pairs of Cattle Egrets) during 1998. Considering only our focal species,
mean species richness was similar for wet (8.29 ± 0.22, n = 14) and dry (8.67
± 0.49, n = 6) seasons.

During the wet season, Cattle Egret (terrestrial foragers) accounted for
64 ± 22% of all wading birds, followed by White Ibis (a prober, 16 ± 23%),
and Great Egret (large-prey visual forager, 10 ± 7%, Table 2). During the dry
season, white ibis was most common (39 ± 23%) followed by small White

Table 3. Mean abundance (SE) of wading birds in different foraging guilds (T = terrestrial
foragers [Cattle Egret], LPV = large-prey visual foragers [Great Egret, Great Blue Heron], SPV
= small-prey visual foragers [Snowy Egret, Little-blue Heron, Tricolored Heron],  LPT = large-
prey tactile foragers [Wood Stork], P = sediment probers [Glossy and White Ibis]) during the
wet (Jun–Nov) and dry (Dec–May) season in the Kissimmee River floodplain, 1996–1998, FL.

Dry season Wet season

Guild 1996–97 1997–98 1996 1997 1998

 T    153 (56)    960 (351) 4968 (1513) 5350 (1617) 3171 (870)
 LPV    486 (81)    552 (87)   696 (102)   510 (70)   518 (75)
 SPV    900 (534)    324 (82)   525 (175)   597 (318)   294 (102)
 LPT      19 (10)      95 (80)     44 (37)     37 (26)     19 (12)
 P    824 (362)  1961 (488)   188 (62) 2276 (2078)   824 (348)
 Total  2382 (260)  3892 (245) 6421 (607) 8770 (1054) 4826 (376)

Table 2. Mean monthly abundance (SE) and % relative abundance (SE) of wading birds
reported by species and guild for wet (n = 14 surveys) and dry (n = 6 surveys) seasons (wet =
Jun–Nov; dry = Dec–May) within 100-year floodplain Kissimmee River system, 1996–1999,
FL. T = trace, defined as < 1.0%.

% Relative
Abundance (SE)  abundance (SE)

Guild/species Wet Dry Wet Dry

Terrestrial foragers
   Cattle Egret (Bubulcus ibis) 4515 (973)   560 (221) 64 (6) 15 (5)

Large-prey visual foragers
   Great Egret (Casmerodius alba)   493 (42)   398 (46) 10 (2) 13 (2)
   Great Blue Heron (Ardea herodias)     52 (8)     89 (10)   1 (< 1)   3 (< 1)
   Total   545   487 11 16

Small-prey visual foragers
   Snowy Egret (Egretta thula)     35 (8)     23 (7)   1 (< 1)   1 (< 1)
   Little Blue Heron (E. caerulea)     96 (13)     53 (7)   2 (< 1)   2 (< 1)
   Tricolored Heron (E. tricolor)     28 (7)     17 (7)   1 (< 1)   1 (< 1)
   Small dark heron       1 (1)     19 (9)   T   1 (< 1)
   Total   160   112   4   5

Large-prey tactile foragers
   Wood Stork (Mycteria americana)     36 (13)     66 (48)   1 (< 1)   2 (1)

Sediment Probers
   White Ibis (Eudocimus albus) 1168 (582) 1299 (389) 16 (6) 39 (9)
   Glossy Ibis (Plegadis falcinellus)     27 (15)   145 (77)   T   5 (3)
   Total 1195 1444 16 44

Small white heron   333 (158)   459 (281)   5 (2) 16 (10)

Other wading birds     22 (6)     22 (1)   T   T
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Heron (16 ± 10%), Cattle Egret (15 ± 13%), and Great Egret (13 ± 2%).
Mean total wading bird abundance was greater during the wet season than
dry season (F1,15 = 6.29; P = 0.02). This pattern was driven by the increased
abundance of Cattle Egret (F1,15 = 5.46, P = 0.03) and large-prey visual
foragers (F1,15 = 5.47, P = 0.03) during the wet season (Tables 2 and 3). We
detected no among-year or between-season differences in abundance for
large-prey tactile foragers, small-prey visual foragers, or probers (all P’s >
0.30). Finally, monthly wading bird population estimates in pool C were not
related to amount of habitat flooded (P = 0.32).

Discussion

Precipitation patterns differed significantly during the three study years.
Most notably, the period June 1996 to May 1997 was dry, whereas the period
June 1997 to May 1998 was wet. In a naturally functioning system, such
differences in rainfall would have been correlated with over bank flooding of
the Kissimmee River and hence the area flooded in the floodplain (Koebel
1995). However, during the wet season we found no difference in average
acreage inundated in Pool C among years, reflecting the efficient operation
of the C-38 system which kept the floodplain drained. This was not true
during the dry season/winter when heavy rains caused increased over-bank
flooding in Pool C during 1997–98 as compared to 1996–97 (Table 1). Our
observations during aerial surveys indicate floodplain inundation patterns in
Pool C were applicable to the entire floodplain.

Waterbird abundance was not related to among-year variation in
precipitation patterns. Waterfowl were generally scarce in all years, sug-
gesting the floodplain did not provide high quality habitat regardless of
flooding conditions. Wading birds were more abundant during the wet
season, but populations did not differ among years during the wet season,
the later result being consistent with our result that area flooded did not
vary among years during the wet season. During the dry season, more
habitat was available during the second year. The lack of a year effect on
aquatic foraging wading bird abundance during the dry season, and the
lack of any relationship between area flooded in Pool C and wading bird
abundance suggests flooded pasture provided a relatively poor quality
habitat for these species when flooded.

Waterfowl surveys conducted during winters 1956–57, 1957–58, and
1958–59 by the US Fish and Wildlife Service, before the river was
channelized, indicated as many as 19 species of waterfowl could have used
the Kissimmee River floodplain (USFWS 1959). Considering differences
in area covered by the respective surveys (early surveys included several of
the lakes in the north Kissimmee Basin), 13 species of waterfowl likely
regularly used the Kissimmee River floodplain during winter prior to
channelization. Ten years after completion of the C-38 project, only six
species occurred in the floodplain (Perrin et al. 1982), and 30 years after
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project completion we found only four species; of those four, only Mottled
Duck and Blue-winged Teal occurred regularly. Of the 13, American Coot,
American Wigeon (Anas Americana Gmelin), Gadwall (A. strepera
Linnaeus), Northern Shoveler (A. clypeata Linnaeus), Mallard (A.
platyrhynchos Linnaeus), Northern Pintail (A. acuta Linnaeus), Wood
Duck (Aix sponsa Linnaeus), Ring-necked Duck (Aythya collaris
Donovan), and scaup (Aythya sp.) were absent from the Kissimmee River
during our surveys.

Differences in methodology make direct comparison of our abundance
estimates with those from the 1950s difficult. However, early surveys esti-
mated 4000–5000 waterfowl used the Kissimmee River floodplain during
winter. Waterfowl abundance during our monthly surveys ranged from 0 to
280. As in the 1950s, Blue-winged Teal were the most common species in
our study. Declines in abundance have been disproportionately large com-
pared to the loss of wet prairie and broadleaf marsh plant communities (75%,
Toth et al. 1995) suggesting that wetlands have declined in both quantity and
quality since channelization. Our failure to find a relationship between area
flooded and abundance is consistent with this interpretation.

For migratory waterfowl wintering in the Kissimmee, a decline in spe-
cies richness or abundance can be influenced by factors both inside and
outside the floodplain (e.g., flood control project on Kissimmee River vs.
changes in continental population size). However, several factors indicate
that construction of the C-38 canal is a primary reason for the loss or
declines of many species. First, populations of American Coot, Gadwall,
Northern Shoveler, Blue-winged Teal, and Ring-necked Duck were stable or
increasing in North America during our survey years (USFWS 2003). Sec-
ond, declines in the Kissimmee coincided with the period following project
construction in the 1970s (Perrin et al. 1982), a time when continental
populations of most waterfowl species were at high levels (USFWS 2003).
Finally, many of the species currently absent from the Kissimmee are com-
mon in central Florida, so should occur in the Kissimmee if suitable habitat
was available.

Unlike waterfowl, estimates of wading bird abundance prior to
channelization do not exist. However, anecdotal accounts by Audubon war-
dens indicate that, unlike waterfowl, all species of wading bird thought to
historically occur in the Kissimmee River still occur today (National
Audubon Society 1939–1951). Historic species composition and abundance
are unknown, but reports indicate that both White Ibis and Wood Stork were
commonly observed foraging in large flocks (> 1000 individuals) on the
Kissimmee River floodplain (National Audubon Society 1939–1951). While
White Ibis can still be abundant at some times of the year, wood stork are not
(Tables 1 and 3), and the naturalized Cattle Egret has replaced native species
on drained portions of the floodplain, being by far the most common species
during the summer wet season. We found only one active wading bird
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colony during our surveys compared to three historically (National Audubon
Society 1939–1951), but this colony was composed only of Cattle Egret and
was only occupied during one year.

Restoration of the Kissimmee River ecosystem will focus on recreat-
ing the physical and hydrologic parameters that occurred in the historic
river with the goal of restoring the suite of wetland habitats needed to
support all species that once used the system (Toth 1993). Abundance,
species composition, and distribution of waterfowl and wading birds are
among a suite of indicators that will be used to evaluate restoration suc-
cess; our data will serve as baseline information for that analysis. Based
on the comparison of our data with historic conditions, successful restora-
tion will be defined, in part, by an increase in waterfowl species diversity
and abundance, a shift in wading bird community composition to favor
species requiring wetland habitats for foraging, and the reestablishment
of mixed wading bird breeding colonies. Because waterfowl have the
ability to quickly exploit newly created habitat, these species should
quickly return to the Kissimmee River floodplain if wet meadow and
broadleaf marsh habitats are restored. The occurrence of a wading bird
breeding colony in 1998 indicates suitable nesting structures are present
(willow, cypress heads, and shrubs) in the floodplain. If these sites are
flooded as natural hydroperiod returns, this should create conditions for
reestablishment of mixed species breeding colonies.

Determining specific numeric expectations for waterfowl and wading
birds is difficult as factors outside the floodplain may influence local abun-
dance. For example, in Florida, hydrilla (Hydrilla verticillata Royle), a
species of submerged macrophyte, has been introduced since surveys on the
Kissimmee were conducted in the 1950s. Hydrilla is used by the aquatic
grazing species of waterfowl currently missing from the system (Johnson
and Montalbano 1984, Montalbano et al. 1979) and waterfowl counts on
many lakes in the region now track yearly fluctuations in hydrilla distribu-
tion and abundance (R. Bielefeld, Florida fish and Wildlife Conservation
Commission, pers. comm.). For wading birds, other large scale regional
restoration projects may increase available habitat outside the Kissimmee
Valley (e.g., the Everglades). This may result in an initially muted response
by wading birds, but as local abundance increases, wading bird numbers in
the floodplain will likely show significant increases year-round.
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