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Abstract.—Wood Storks (Mycteria americana) breed in colonies widely dispersed across approximately 3,350 km?
within the United States, and effective monitoring of this population presents immediate tradeoffs between cover-
age, accuracy, and cost. Here, we summarize surveys in Florida 1991-2005 as a first step towards improving existing
survey strategies. In order to determine whether counts from aircraft are a suitable technique for quantifying nests,
we compared aerial and ground counts at the same eleven colonies in 2004. Across all colonies, aerial counts aver-
aged 8.1% more nests, probably as result of either better visibility or mistakenly including Great Egret (Ardea alba)
nests in the count. During the period 1991-2005, statewide totals in Florida ranged from 2,211-6,449 nests, with an
apparently increasing trend through time. Annual modal colony size fluctuated from 65-144 nests, with significantly
smaller modal size in 2001-2004, suggesting that colony size has decreased over time. Current survey practices are
to visit all previously active colonies and all new ones that are reported or that are encountered during flights be-
tween known colonies. Surveys are not systematic, and the number or importance of novel, undetected colonies is
unknown. In south Florida, where past and potential colony sites have been systematically surveyed annually, turn-
over (proportion of colony sites different in two surveys) increased rapidly with interval between surveys, and within
ten y, >80% of colony sites differed. Annual turnover rates were not uniform across years, and young colonies ap-
peared to have higher turnover than older ones (up to four y). Novel systematic aerial transects across suitable hab-
itat in central Florida revealed approximately one novel colony/525 km®. Thus, abandonment of old colonies and
formation of new ones is a typical and fairly rapid process in this species. Throughout the state, larger colonies were
more persistent, and were surveyed more often than small colonies. The bias of the current nonsystematic survey
strategy is towards visiting older colonies that are likely to disappear within 15y, and against finding newer, growing
colonies. This is likely to bias estimates of total population downwards compared to true values. We strongly recom-
mend that surveys be geographically systematic, even if this reduces coverage. We suggest these systematic surveys
be located in large blocks (hundreds or even thousands of km?) in areas with suitable habitat and historically high
colony densities.
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Breeding aggregations of Wood Storks and are large, white targets. Rodgers et al.
(Mycteria americana) in the United States are  (1995) found that by comparison with
widely dispersed over approximately 334,000 ground counts, aerial counts of populations
km® in four states. Effective monitoring of of stork colonies underestimated numbers of
this federally endangered species must, nests by 10.1%, though counts at individual
therefore, be at a large geographic scale, colonies were considerably more inaccurate.
making tradeoffs between cost, accuracy and Since the area over which storks nest is
coverage of immediate concern. Searches too vast to be covered completely by system-
and surveys for stork colonies over large ar- atic aerial surveys, most survey attempts have
eas have usually been accomplished using been focused on repeat visits to colonies dis-
fixed-wing or rotary aircraft (Ogden 1978; covered in the past. New colonies are added
1994; Nesbitt et al. 1982; Kushlan and Froh- as they are encountered on routes between
ring 1986; Ogden et al. 1987; Rodgers et al.  existing colonies, or as a result of citizen or
1987). While the accuracy of aerial counts of  biologist reports of activity (Nesbitt et al.
wading birds can be high (Frederick et al. 1982; Ogden et al. 1987; Rodgers et al. 1987;
2003), storks tend to nest in the tops of trees, Coulter et al. 1999). While these surveys
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probably account for the majority of large,
conspicuous colonies, this strategy may in-
duce bias into both the size of colonies dis-
covered, and the resulting population esti-
mates. The extent of this bias is unknown, in
part because the colonies missed by nonsys-
tematic surveys have never been quantified.

Although Wood Storks are relatively
philopatric by comparison with other wad-
ing birds in the southeastern U.S. (Frederick
and Ogden 1997), their colonies are not per-
manent. Some colonies are known to be con-
tinuously active for over 60 years (Coulter et
al. 1999), others are active for only a year or
two. However, colony turnover has never
been measured for the species. Colony turn-
over is of importance for designing a conser-
vation strategy for colony sites and their asso-
ciated foraging areas. An understanding of
the biological factors leading to either aban-
donment or retention of a colony site also
will be useful for prioritizing colonies for
conservation or survey effort.

In this study, we use surveys in Florida to
assess the accuracy of aerial counts, to mea-
sure colony turnover rates, and to document
the formation of new colonies. The Florida
surveys are relevant for this purpose because
they encompass a large part of the U.S. nest-
ing range (approximately 45% of land area)
and breeding population (approximately
40%), include many kinds of habitats, and
have a relatively long sampling period (35
years for many colonies).

METHODS

Numbers of stork nests in Florida colonies reported
between 1991 and 2006 were analyzed, with additional
information from the Everglades going back in some
cases to the 1970s. In the Everglades, stork colony sur-
veys were, until 1986, aimed at visiting all previously ac-
tive sites. After 1986, surveys were systematic, with 100%
coverage of the entire Everglades from Loxahatchee
National Wildlife Refuge in the north to Florida Bay in
the south. Systematic survey flights were flown in east-
west oriented transects at 240 m altitude and approxi-
mately 200 km/h airspeed with one observer on either
side of the aircraft so that visual overlap occurred be-
tween transects, which were spaced 2.6 km apart.

The statewide surveys were conducted annually
from 1991 through 1995, 1999, and 2001 through 2005.
From 1991-1995 and 1999-2001, approximately half the
previously identified colonies were surveyed per year,
whereas from 2002-2005, nearly all (>95%) were visited

each year. Surveys generally followed the south to north
gradient of nesting initiation dates, with earliest surveys
in March in the south and latest in June in the north.

Aerial surveys were generally accomplished in a
Cessna 172 single-engine fixed-wing aircraft. The coor-
dinates of the targeted colonies were programmed pri-
or to take-off into a handheld GPS receiver with an
external, windshield-mounted antenna, and colonies
were visited in a way that minimized total travel time.
Each colony was approached at an altitude of 300 m
above ground level, followed by a descent to 150-200 m
when close to the site. If a colony was active, storks usu-
ally were visible somewhere in the vicinity (flying, perch-
ing, or attending nests). If no birds were seen on
approach, the search gradually circled outward from
the colony site as the observers scanned for birds within
an area of about 10 km? At each active colony, two ob-
servers counted the storks and estimated the number of
occupied nests (i.e., with adults, eggs, or young). If no
nests were observed, the site was declared inactive and
the observers proceeded to the next nearest colony.

In 2004 eleven stork colonies were counted in cen-
tral peninsular Florida from both aircraft and from the
ground. On the ground, stork nests were counted while
walking slowly through the colony in a fashion that sys-
tematically covered the area of nests.

In addition, systematic aerial surveys were per-
formed in central Florida to estimate the number of
novel colonies that might be missed by visiting only pre-
viously known colony sites. Wood Stork colonies were
searched for in three rectangular plots in central Flori-
da in May and June 2003, and the surveys were repeated
at two of these plots in 2004. The plots were positioned
to include as much suitable nesting habitat as possible.
Each plot was 50 km long (aligned east/west) and 21 km
wide, and was surveyed in five or six parallel transects
spaced 3.0 km apart at an altitude of 300 m above
ground level and an airspeed of about 160 km/h be-
tween 08.30 and 15.45 h. Two observers seated on oppo-
site sides of the airplane directed their continuous scan
90 degrees to the transect axis for a distance of 1.5 km
away from the aircraft. Diversions from the transect
were taken in order to inspect any white birds seen on
the ground within that distance. If nesting Wood Storks
were present, the colony was circled to count the nests
as done during the regular colony counts. If complete
visual coverage is assumed, a total of 1,640 km? was
searched.

In 2005, in addition to conducting visual counts as
described above, each colony was photographed with a
digital 35 mm single-lens reflex camera with a 100-400
mm lens equipped with an electronic image stabilizer.
The visual and photographic counts were compared for
25 colonies in central Florida.

Colony turnover rates were expressed as the propor-
tion of colonies that were different in two comparison
years, using the formula of Buckley and Buckley (2000):

_ (S, +5S,)
(N, + Nt/

where S, = the number of sites used only in the first cen-
sus year of the comparison pair; S, = the number of sites
used only in the second census year; N, = the total num-
ber of sites used in the first year; N, = the total number
of sites used the second year; t’ = the number of years
between the censuses, and T = the turnover rate.
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In the Everglades, where all active and inactive colo-
nies were systematically detected (as above), colony
turnover rates were tallied as a function of interval be-
tween surveys. All pairs of years in the record were com-
pared to generate a series of intervals. This gave a
picture of the proportion of previously recorded colo-
nies that might be expected to be active if survey effort
were noncontinuous or spaced over intervals of a given
number of years.

RESULTS

A total of 406 active colonies were tallied
in Florida during 1991-2005, during 678
checks of colonies. Mean colony size overall
was 116.2 nests (SD = 209.5). Statewide totals
ranged from 2,211-6,916 nests, with an appar-
ently increasing trend through time (Figure
1). Annual modal colony size fluctuated from
65-144 nests, with significantly smaller mean
size in 2001-2004 (55.6, SD = 24.01) than in
1991-1995 (109.3,SD = 30.55, t=3.1, p<0.02).

Accuracy of Aerial Survey Methods

In total, 1,428 nests were counted from
the air, and 1,480 from the ground at eleven
colonies in 2004, representing a 3.6% differ-
ence for all colonies combined (average er-
ror 25 nests, SE = 6, range of error at individ-
ual colonies 5-65%). Error at individual col-
onies was higher, averaging 25 nests
(18.5%). Visual estimates were fairly close to
counts of photographs of the same colonies.
The total visual count of 25 colonies in 2005
was 1,260 nests, while the total count from
photographs was 1,180. The difference for

Number of pairs counted

1990 1995 2000 2005

Figure 1. Numbers of nesting pairs of storks in Florida
statewide surveys, 1991-2006. The trend is probably in-
creasing, since 2001 was an incomplete survey in a very
dry year, and 2005 was generally a poor year for nesting.

the population of 25 colonies was 6.8% (av-
erage error 20 nests, SE = 6, range 0-270%).

Colony Persistence and Turnover Rate
Characteristics

Occupancy rate (proportion of years a
colony was occupied by any storks, given that
the colony was checked for occupancy) of
newly discovered colonies in the statewide
survey declined markedly during the first
three years, followed by an increase in occu-
pancy rate thereafter (Figure 2). Larger col-
onies survived longer (Figure 3).

In the Everglades data set, annualized
colony turnover rate decreased rapidly as the
hypothetical interval between surveys in-
creased (Figure 4), and stabilized at a low
and fairly consistent level after about four
years. The proportion of the population
found in different colonies in any two com-
parison years in the Everglades was comput-
ed. There was no relationship between the
proportion of the population in different
colonies with increasing interval between
survey years (Figure 5). However, as the in-
terval between survey years reached 14 years,
the proportion of the measurable popula-
tion in different colonies approached 100%.

New colonies were often discovered in
the surveys. For example, eleven colony loca-
tions novel to the dataset were detected in
2004 with a mean of 36 (23.0 SD, range 4-65)
nests per colony. The 400 nests in these elev-
en colonies represented 7.7% of the total
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Figure 2. Occupancy rate (proportion of years active
given the colony was surveyed) as a function of number
of years since colony was discovered, in Wood Stork col-
onies throughout Florida, 1991-2005.
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Figure 3. Size of Wood Stork colony in relation to maxi-

mum age of colony since discovery. Longevity increased
with age, R* = 0.796, p < 0.002).

5,214 nests found in 2004. This is particularly
noteworthy considering that most of these
colonies were found opportunistically, not as
a result of a large-scale systematic search. In
systematic surveys for novel colonies in cen-
tral Florida in 2004, two novel colonies were
found in approximately 1,050 km® of suit-
able habitat surveyed, or about one novel
colony per 525 km®.

DISCUSSION

This 15-year history of aerial surveys for
storks in Florida provides evidence to suggest
that the nesting population in the state is in-
creasing (see also Borkhataria et al. 2007, this
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Figure 4. Annualized turnover rate of Wood Stork colo-
nies in the Everglades of Florida, USA (see methods for
calculation of turnover) in relation to the number of
years between surveys. This distribution was generated
using all possible pairs of years in the dataset and re-
flects the likelihood of finding colonies to be active af-
ter a specified interval.
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Figure 5. Raw (not annualized) proportion of the Wood

Stork population in the Everglades that is in different col-

onies, by interval between surveys. There is no significant

relationship between the two variables (R? = 0.03, p =

0.14), though the proportion in different colonies does
appear to converge on 100% by the twelve to 14 y. interval.

volume for more quantitative assessment),
that colonies are widespread throughout the
state and highly variable in size, and that they
are declining in size over time. The decline
in size is not likely to be a function of in-
creased survey effort, since the time spent
surveying or the type of survey strategy has
not changed appreciably during the study
period. Instead, this trend probably reflects
the increasingly fragmented nature of Flori-
da wetlands, and a decreasing carrying ca-
pacity for most colony sites (Gibbs 1991).

Despite Wood Storks having been identi-
fied as relatively philopatric among ciconii-
form birds (Frederick and Ogden 1997),
turnover rates were surprisingly high in this
species, with 80% of even large colony loca-
tions being different within ten years of their
initiation. The most robust of the evidence
for frequent turnover comes from areas of
the Everglades that are largely protected
from human disturbance and significant hab-
itat fragmentation, suggesting that relatively
frequent changes of colony locations may be
typical of this species. However, the Ever-
glades has seen considerable change in hy-
drologic conditions during the study period
and is also considered naturally hypervariable
among ecotypes (Sklar et al. 2005). It is there-
fore not clear how applicable these turnover
rates might be to other areas, nor of how rep-
resentative they might be of the species prior
to human modifications of the landscape.
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The turnover in colony locations implies
that some colonies may often go undetected
by the “check previously known colonies”
strategy that has been used in Florida and
the southeastern US for many years. Our re-
sults suggest that while some inactive colony
sites are re-used, there are a substantial num-
ber of novel locations each year. In the case
of central Florida, we found at minimum
one novel colony/525 km®.

The actual extent of bias resulting from
nonsystematic surveys is difficult to estimate.
Presumably, novel colonies would be young-
er and smaller on average than established
ones, and therefore would collectively repre-
sent a small proportion of the total popula-
tion at any one time. Thus missing them
might not have a large effect on the popula-
tion estimate. Until the size of novel colonies
can be quantified, however, it is impossible
to estimate the effect further.

Stork colonies are often discovered by
means other than aerial survey, including re-
ports by biologists and the public, flightlines
noted from the air on other types of biological
surveys, etc. The degree to which these sourc-
es account for the efficient discovery of new
colonies is unknown, but they could be very
important in areas of high human population
density and/or activity by biologists. However,
unsolicited reports are typically unreliable in
both space and time, and probably should not
be counted upon as an integral part of a regu-
lar, quantitative field survey effort.

There is some evidence that older and
larger colonies have higher survival rates
than do younger smaller ones. This comes
both from statewide surveys, and from the
more systematic Everglades information. In
statewide surveys, checked colony sites of less
than four years of age had successively de-
creasing probabilities of occupancy, whereas
older colonies had increasing occupancy
rates. This observation was bolstered by the
Everglades data, where annualized turnover
rates appeared to stabilize after three to five
years. There is some suggestion, therefore,
that if a colony survives more than a few
years, the survival rate increases consider-
ably. There also appears to be a direct rela-
tionship between size of colony and longevi-

ty, suggesting that larger colonies are also
more stable breeding sites.

Future Survey Design

There are several ramifications of this in-
formation for improved design of a monitor-
ing program for breeding storks in the Unit-
ed States. First, it seems clear that there are
substantial numbers of colonies that are un-
detected by the current survey protocol, and
that the effect on the total population esti-
mate cannot be known without at least occa-
sionally locating colonies systematically. This
argues directly for a systematic survey design.

Second, there may be important biases
inherent in the nonsystematic surveys. Colo-
ny encounters are biased towards larger and
older colonies. If older colonies go extinct at
some nontrivial rate, and novel locations are
underrepresented in any annual survey, it
will result in a perceived population trend
that is lower than the true trend. The inter-
val between surveys is also of interest. The
stork population has typically been moni-
tored throughout the range annually for five
years, with intervals of approximately five
years between monitoring periods. The
statewide and Everglades information both
suggest that after five years a substantial pro-
portion of colonies will be novel; starting
such a survey series with a target of checking
“old” and partially defunct colonies may ex-
acerbate the bias discussed above. The bias
in trend is inherent in the nonsystematic sur-
vey method, and also argues strongly for a
systematic methodology.

The objectives of any stork monitoring
program in the southeastern United States
should be to detect changes in population size,
trend, and geographic shifts in nesting distri-
bution. Any such monitoring plan for Wood
Storks must be at a large enough scale to en-
compass the large breeding range and dis-
persed pattern of nesting typical of the species.

Our findings indicate that the aerial sur-
vey technique is efficient and reasonably
accurate at estimating numbers of birds nest-
ing in a population of colonies, once colonies
have been located. Our error at estimating
population (3.8%) is similar in magnitude to
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that of Rodgers et al. (1995; 10.1%), al-
though it should be clear that error at esti-
mating individual colonies in both studies
was much higher. Aerial survey is therefore
likely to be useful for estimating the size of
populations only because of errors at indi-
vidual colonies canceling one another. How-
ever, as above, the nonsystematic survey de-
sign has variable encounter rates of colonies
of different size and age characteristics, and
probably leads to biases in estimation of both
total population size, and trend.

Complete-coverage aerial surveys through-
out the entire range would certainly correct
these biases, but would be so expensive and
time consuming as to be infeasible.

Monitoring of stork populations there-
fore poses a common and fundamental
problem of tradeoffs between coverage and
quality of information (Lawler and O’Con-
nor 2004). We suggest that accuracy in esti-
mating trend and local population size are
probably more important in managing this
species than is continuous (but low quality)
geographic information. In order to accom-
plish a systematic survey design without huge
increases in total survey effort, systematic
surveys necessarily would need to be focused
in smaller areas. Although this means that to-
tal population size must be extrapolated
from these smaller areas to the entire range,
it should be remembered that nonsystematic
survey effort in effect requires large and
probably unjustifiable assumptions in order
to estimate true population size as well.

It makes logistical sense to focus such sys-
tematic surveys in areas of historically high
colony (and population) density. Ideally, the
area surveyed should be large enough to en-
compass a population of both large and
small colonies as they fluctuate in space over
time, and large enough to be representative
of a geographic region (e.g., coastal plain of
Georgia, the Everglades, etc.) in order to de-
tect major geographic shifts. We suggest that
these characteristics will generally require an
area of hundreds to 1,000 km® within any
one region. For Florida, areas that include
historically high densities of stork colonies
include the Everglades, southwest Florida,
the area immediately east of Tampa Bay, and
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Figure 6. Areas of high Wood Stork colony density in
Florida (shaded) as possible systematic survey areas for
detecting population trend and shifts between major
geographic areas. Dots represent known Wood Stork
colonies.

coastal northeast Florida (Figure 6). These
areas constitute collectively approximately
18,590 km?, and contained between 88%
(2003) and 54% (2004) of all stork nesting
identified in Florida. We estimate that sys-
tematic, 100% coverage surveys in these ar-
eas would require approximately the same
amount of flight time as the current nonsys-
tematic statewide surveys do.
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