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Abstract.—The King Rail (Rallus elegans) is a secretive marsh bird of conservation concern. Reproductive suc-
cess is thought to be a limiting factor for the inland migratory population. Reproductive effort of King Rails was 
studied in southeastern Oklahoma, USA, from 2010-2012 using surveys, radio-telemetry, nest searching and brood 
observations. During 2011-2012, 27-29 King Rail territories were documented. Ten nests were located between the 
first week in April and the first week in July with a mean clutch size of 10.3 (SE = 0.80). Water depth at nests was 
shallow (< 15 cm), and nest sites were in locations with more visual obstruction, more microtopographic variation, 
and more woody stems, while open water cover was less than at random sites. Nine broods were followed and were 
found to use rearing sites that were in deeper water and had a greater percent of tall emergent vegetation and more 
woody vegetation than random sites. Brood size dropped from an average of nine to two chicks by the second week. 
Weekly brood survival rate was 0.87 (SE = 0.045), which resulted in a 29% probability of greater than one chick 
surviving to fledge at 9 weeks. Increasing reproductive success is a management concern for this inland migratory 
population of King Rails. Received 8 December 2015, accepted 3 April 2016.
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The King Rail (Rallus elegans) is a secre-
tive marsh bird of conservation concern as 
populations have declined markedly over 
the past 40 years (Cooper 2008; Pickens and 
Meanley 2015). Qualitative accounts indi-
cate that inland migratory populations were 
once quite common but have experienced 
major population declines in the latter half 
of the 20th century (Cooper 2008). Bollen-
baugh et al. (2012) sampled King Rails across 
the entire United States Midwest and found 
that King Rails were rare across this region. 
Because of this decline, King Rails are listed 
as threatened or endangered in 12 states 
(Cooper 2008).

Wetland loss and alteration are consid-
ered the major drivers responsible for de-
clines in King Rails and many other wetland-
dependent birds (Eddleman et al. 1988; 
Wilson et al. 2007). Wetland management 
approaches, specifically water level manage-
ment and control of woody encroachment, 

can also affect habitat use of King Rails 
during the breeding season (Naugle et al. 
1999; Darrah and Krementz 2010; Pickens 
and King 2014a, 2014b). Inland breeding 
King Rails are more likely to select nest sites 
dominated by short (< 1 m) emergent veg-
etation and deeper (~10 cm) standing water 
(Reid 1989; Darrah and Krementz 2011). In 
Missouri, based on 10 broods over 2 years, 
daily King Rail chick survival ranged from 
0.92-0.96 (Darrah and Krementz 2011) and 
was hypothesized to be a limiting factor for 
population growth (Cooper 2008).

Our objectives were to document the 
nest and brood-rearing ecology of King Rails 
during the breeding season for the inland-
occurring King Rail at a managed wetland 
complex in southeastern Oklahoma, USA. 
This information should help wetland man-
agers make better management decisions 
for King Rails during the breeding season in 
inland areas.
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Study Area

The study area included restored wetlands in Mc-
Curtain County, Oklahoma, USA, in the Red River 
floodplain (Hoagland and Johnson 2004). We surveyed 
for King Rail at two public wetland management areas, 
Red Slough Wildlife Management Area (WMA) and 
Grassy Slough WMA, and a private wetland complex 
known as Walnut Bayou (Fig. 1). The wetland complex-
es were well over 1 km apart and had different man-
agement approaches and hydrology. During the course 
of the study, drought during the growing season went 
from abnormally dry in 2010 to a severe drought in 
2012 (Tinker 2016).

Each wetland unit was composed of a wetland sur-
rounded by a levee that had a water level control struc-
ture, and included more than one of the following 
wetland types: palustrine emergent, scrub-shrub, and 
forested wetlands that could be permanently, seasonal-
ly, or temporarily flooded (Cowardin et al. 1979). These 
sites were managed primarily on a 3-year rotation using 
water level manipulation, soil disturbance and fire to 
reduce invasion by woody species, especially black wil-
low (Salix nigra). A few units contained deep water (> 
1 m) from which other impoundments were flooded. 
Of the areas surveyed, Red Slough WMA was the most 
intensively managed site with an overall goal of maxi-
mizing diversity, restoring hydrology, re-establishing 
bottomland hardwoods, and providing waterfowl hunt-
ing opportunities.

Figure 1. Three wetland complexes located in the southeast corner of McCurtain County, Oklahoma, where King 
Rail call broadcast surveys and breeding ecology studies were conducted from April through July 2010-2012. WMA 
= Wildlife Management Area.
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Surveys

To locate King Rails for capture and to estimate the 
number of breeding King Rail pairs at the study sites, 
we used playback surveys over all 3 years. In 2010, we 
broadcast King Rail calls to elicit territorial responses 
at Red Slough WMA and so targeted King Rails only 
for capture, not to determine the number of territorial 
birds/pairs. In 2011, haphazard surveys, on the levee 
and inside the wetland, at Red Slough WMA and Grassy 
Slough WMA were conducted to locate and count 
breeding territories. All wetland units were surveyed at 
least twice. Again, to target King Rails for capture, we 
increased our survey effort up to five times in those wet-
lands appearing to have ideal habitat conditions based 
on review of the literature. In 2012, we randomly select-
ed survey points at Red Slough WMA (n = 50 points), 
Grassy Slough WMA (n = 4 points), and Walnut Bayou 
(n = 10 points) stratified by dominant cover types: tall 
emergent ≥ 1 m, short emergent < 1 m and shrub-
scrub. We conducted four surveys at each point from 
14 April through 29 June 2012 following the Standard-
ized North American Marsh Bird Monitoring Protocols 
(Conway 2011) to locate and count breeding territories.

Based on survey results, we targeted territorial King 
Rails for capture using mist nets, hoop-net traps, toe-
snares, and airboat. We set up two mist nets in a “v” in 
the emergent vegetation and placed a King Rail decoy 
in the center and played calls. When a bird was close 
to the net, we would attempt to flush it into the mist 
net. Hoop-net traps were modified fish traps hidden 
in the emergent vegetation and placed at known King 
Rail territories only in 2012 (Fuertes et al. 2002). Toe-
snare traps consisted of monofilament tied into a loop 
with a slipknot and attached to a thin bamboo dowel 
(T. Grazia, pers. commun.); we tied a series of 30 toe-
snares together with trotline and inserted them into the 
ground around the decoy. We used an airboat at night 
in July 2011 and April 2012 to capture birds with a dip-
net (Perkins et al. 2010).

We weighed and aged (Meanley 1969) each cap-
tured bird and attached a VHF transmitter using a mod-
ified backpack harness to adults (Haramis and Kearns 
2000) or a necklace harness to juveniles. We allowed 
marked birds 3 days to adjust to the harness and trans-
mitter before recording any habitat data. Based on tri-
angulation, we estimated the location of each bird daily 
to within ~25 m.

Nest Ecology

We located nests using telemetry-marked King Rails 
to lead us to nests, by ground searches in areas where 
King Rails were heard eliciting territorial vocalizations 
(Meanly 1969), and by ground searches in areas where 
no King Rails were detected. In 2010, we searched for 
nests using one researcher; however, in both 2011 and 
2012 two researchers searched the study site. In 2012, 
we formalized our ground searches by walking the 
length of each unit twice during the breeding season, 
and stopping and playing territorial calls along tran-
sects. In 2010, we backdated the date of laying assuming 
that the incubation period was 21 days (Meanley 1969). 

In 2011 and 2012, we estimated the age of the eggs 
upon discovery by floating the eggs in water using meth-
ods developed for the closely related Clapper Rail (R. 
crepitans) (Rush et al. 2007). We did not estimate nest 
success because of the small number of nests located.

To describe nest site habitat in 2012, we collected 
habitat data in a 12-m radius circular plot centered on 
the nest. To determine if nest site habitat was different 
than random habitat at the study sites, we collected 
habitat data at randomly selected sites in a 200-m ra-
dius plot corresponding to King Rail home range size 
estimated in South Carolina (McGregor et al. 2009). We 
measured water depth at the nest site and 4 m away in 
the four cardinal directions and used the average of all 
five measurements. We visually estimated the percent 
cover of short emergent, tall emergent and open water, 
and counted the total number of woody stems in the 
plot. Short emergents (< 1 m tall) were non-persistent 
plants that fall below the water surface at the end of 
the growing season (Cowardin et al. 1979) and included 
smartweeds (Polygonum spp.), bur-reeds (Sparganium 
spp.), arrowheads (Sagittaria spp.), and ovate false 
fiddleleaf (Hydrolea ovata). Tall emergents (≥ 1 m tall) 
were persistent plants that normally remain standing 
until the beginning of the next growing season (Cowar-
din et al. 1979) and included soft rush (Juncus effusus), 
cattails (Typha spp.), and shortbristle horned beaksedge 
(Rhynchospora corniculata). We quantified visual obstruc-
tion at three height intervals (0-0.3 m, 0.3-1 m, and 1-2 
m) using a density cover board placed 4 m from the nest 
in the four cardinal directions and used the average of 
the four measurements. We quantified microtopogra-
phy by measuring the distance from the ground to a 
level string at 1-m intervals (Courtwright and Findlay 
2011). We collected six measurements in each cardinal 
direction and used the variance as an estimator of mi-
crotopography.

Brood Ecology

We located broods by locating telemetry-marked 
adult birds or by listening for territorial and brood-rear-
ing vocalizations (Meanley 1969). For the five broods 
with unmarked parents, we tracked those broods over 
time by the age of the brood and where they occurred 
within each impoundment. Once we located a brood, 
the observer would watch from a distance (~15 m) and 
record the number of chicks. We estimated the age of 
the chicks in weeks using plumage and size character-
istics (Meanley and Meanley 1958). We backdated the 
hatch date of broods assuming that the incubation pe-
riod was 21 days (Meanley 1969).

In 2011 and 2012, we collected brood habitat data 
in a 50-m radius circular plot centered on the brood 
location point within 2 days or before any rise in water 
level due to rain or managed draining/flooding. Water 
depth was the average of the survey point and the four 
cardinal directions (5 m away) after every survey, telem-
etry location or brood observation. We visually estimat-
ed the percent cover of short emergent vegetation (< 1 
m), tall emergent vegetation (≥ 1 m), and open water. 
We used transects running north-south and east-west to 
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count the number of woody stems in every other 5-m 
square plot along the transects. Woody stems included 
shrubs and trees ≥ 4 cm DBH. Shrubs with multiple 
stems coming from the same rootstock were counted 
as one.

Survival Analysis

We used a known fate approach to estimate weekly 
survival probability (Ŝ) of King Rail broods using de-
tections of individuals in each brood age class across 
the breeding season Ŝ. Because of our small sample 
of broods (n = 9), we were forced to combine broods 
across years. We assumed that the broods without a ra-
dio-marked adult that we monitored in the same man-
agement unit over time were not different broods mov-
ing into and out of the management unit. We estimated 
King Rail chick ages in weeks (Meanley and Meanley 
1958), and each weekly age class was the weekly survival 
interval used in the survival analysis. Thus, temporal 
variation reflected variation in survival of weekly age 
classes across all broods and all years and did not re-
flect within season variation. Broods with greater than 
one surviving chick through 9 weeks were considered to 
have survived until fledging, as King Rail chicks become 
independent after 9 weeks (Meanley 1969).

We analyzed the weekly survival data using the 
known fate model in program MARK to generate es-
timates and model selection results (White and Burn-
ham 1999). Because not all broods were associated 
with a radio-marked adult, we had to assume fates for 
some broods. We assumed that all broods survived up 
until the last interval they were seen, but that they then 
“died” at the end of the last interval detected. The only 
exception to this was for broods observed at 9 weeks 
that were defined as surviving the fledging period. We 
recognize that our approach is biased as we did not 
know with certainty that all broods died after we last de-
tected them. Thus, our estimates should be considered 
a minimum weekly survival rate for King Rail broods in 
our study area.

There are several assumptions of this analysis: 1) all 
broods have an equal probability of being detected; 2) 
the sample is representative of the population; 3) the 
fates of all broods are independent; 4) brood ages were 
estimated accurately; and 5) survival probability was 
constant across age classes during the sampling period. 
The survival probabilities for individuals in the same 
brood are probably partially dependent, although this 
is more likely to affect the variance estimate rather than 
the mean (McGowan et al. 2009).

resuLts

At Red Slough WMA, we located 17 King 
Rail territories in early to mid-May 2011 and 
10-12 King Rail territories in mid-April to 
late June 2012. We detected no King Rails 
at Grassy Slough WMA or Walnut Bayou in 
either 2011 or 2012.

We found one nest in 2010, no nests in 
2011 and nine nests in 2012 at Red Slough 
WMA. The earliest nest located was on 24 
March 2010, while the latest located nest 
was on 13 July 2012. We did not know the 
incubation status of the 2010 clutch, so a 
conservative date of first egg laid for that 
11-egg clutch was 13 March 2010. Backdat-
ing from the earliest hatching nest date (21 
April 2012), we estimated an initial laying 
date of 1 April 2012, whereas the latest back-
dated laying date from a hatched clutch was 
6 July 2012. Observed completed clutch sizes 
in 2012 ranged from 8-13 eggs (n = 6) for 
a mean clutch size of 10.3 (SE = 0.80). We 
located three nests with four or fewer eggs 
that we assumed were incomplete clutches.

We located nests in six different plant 
species (soft rush, Virginia wildrye (Elymus 
virginicus), shoreline sedge (Carex hyalinol-
epis), velvet panicum (Dichanthelium scopari-
um), shortbristle horned beaksedge, annual 
marsh elder (Iva annua)), but the use of 
soft rush was the most common (n = 5). Wa-
ter depth at the nest was variable (0-15 cm 
deep) with a mean of 8.4 cm (95% CI = 2.04; 
Table 1). King Rails made nests in palustrine 
emergent vegetation with standing water, on 
man-made islands, and in dry grasslands that 
were 0-180 m from the nearest levee. Based 
on 95% CI overlap, King Rail nest sites were 
in locations with more visual obstruction, 
more microtopographic variation, and more 
woody stems, while open water cover was less 
than at random sites (Table 1).

In 2012, we did not locate any territo-
rial pairs in units drawn down during that 
breeding season or in sites burned or disked 
during fall 2011. Emergent vegetation char-
acteristic of moist soil management applica-
tions do not emerge until later in the breed-
ing season (mid-June to July), and use by 
King Rails may depend on presence of stand-
ing water and food availability in the unit.

At Red Slough WMA, we caught and at-
tached transmitters to three adults and two 
juveniles in 2010; one adult, one juvenile 
and one local in 2011; and one adult in 2012. 
We tracked one adult King Rail captured in 
2010 from 26 March-4 April (9 days) where-
upon we located the transmitter and a pile 
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of feathers (source of mortality unknown). 
We tracked the second adult King Rail in 
2010 from 11 April-6 May (26 days) where-
upon the bird could not be located and was 
censored (radio failure or emigration out 
of study areas). We tracked the third adult 
King Rail in 2010 from 27 April-4 May (8 
days) whereupon the transmitter and a pile 
of feathers were located (source of mortal-
ity unknown). We tracked two chicks in 2010 
for 1 day each whereupon they slipped out 
of their transmitter harnesses. We tracked 
one adult King Rail in 2011 from 6 July-21 
July (17 days) whereupon we located the 
transmitter with no marks on it and no re-
mains of the adult bird. For the first 11 days, 
the bird remained in the same management 
unit moving a mean distance between daily 
location points of 66 m (SE = 15.4). On the 
12th day, we located the adult rail approxi-
mately 3.5 km from the original site. We 
tracked one juvenile King Rail in 2011 from 
6 July-8 July (2 days) whereupon we located 
the transmitter and the remains of the bird 
(source of mortality unknown). We tracked 
a downy chick in 2011 from 2 August-3 Au-
gust (1 day) whereupon we found the trans-
mitter with no marks on it; we believe the 
chick slipped out of the harness. We tracked 
one adult King Rail in 2012 from 11 April-11 
June whereupon the bird was censored.

Of the five adults marked, only one adult 
was documented to nest. That bird success-
fully hatched a nest on 19 April 2012 and 
cared for the brood through 23 May 2012. 
The bird made a second nesting attempt, 
while brooding the first brood, laying 12 
eggs. This nest failed on 13 May 2012. After 
the second nesting attempt, the adult bird 
and two young moved 565 m. The marked 
adult King Rail made a third nesting attempt 
that failed on 23 May 2012, and then the 
adult moved 1 km after which the bird was 
censored.

At Red Slough WMA, we made observa-
tions on four broods in 2010, three broods 
in 2011 and two broods in 2012 (Table 2). 
Broods ranged in age at first detection from 
< 1 week to ~9 weeks. Brood size declined 
for all broods that we tracked for more than 
1 week. This decline in brood size was most 
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evident between the first and second week 
when brood size went from an average of 
nine chicks to two chicks. Average brood 
size then remained at two until week seven 
whereupon it dropped to one. Backdating 
brood ages, broods hatched between the 
first week in April and the first week in July. 
We observed unique broods from 1-75 days 
at a mean of 18 days. We estimated that the 
weekly brood survival rate was 0.87 (SE = 
0.045, 95% CI = 0.756-0.938). Based on our 
estimated weekly brood survival rate, we 
calculated that the minimum probability 
of a brood surviving 9 weeks was 0.29 (SE = 
0.136, 95% CI = 0.103-0.601).

Based on 95% CI overlap, brood-rearing 
sites were in deeper water and had a great-
er percent of tall emergent vegetation and 
more woody vegetation than random sites 
(Table 3). Random sites tended to have a 
higher percent of open water or exposed 
soil, and a greater percent short emergent. 
The presence of shallow standing water or 
saturated soil with dense emergent cover 
nearby was a common component of brood-
rearing habitat especially when other areas 
of the wetland complex went dry. Portions of 
wetland units burned or disked the previous 
year were generally avoided by brood-rear-

ing adults; only two of 24 observations were 
in these burned or disked sites. The vegeta-
tion at these burned or disked sites was short 
(< 1 m) through about mid-June-July 2012.

DisCussion

King Rails in inland freshwater marshes 
typically nest in palustrine emergent wet-
lands, including rice fields, and occasionally 
in shrub swamps and upland fields near wa-
ter (Meanley 1969; Pierluissi and King 2008; 
Pickens and Meanley 2015). In palustrine 
emergent wetlands, while plants are usually 
of the tussock or clump form, Pickens and 
Meanley (2015) felt that King Rails tended 
to nest in uniform stands. Darrah and Kre-
mentz (2011) also noted that in Missouri, 
USA, King Rails placed their nests in uni-
form stands of emergent wetland plants, us-
ing spikerushes (Eleocharis spp.) in particu-
lar.

Darrah and Krementz (2011) found that 
King Rails used different habitats during the 
nesting and brood-rearing seasons with nest-
ing sites having deeper water (~6 cm) and 
a dominance of short emergent vegetation 
(~50%), compared to brood-rearing sites 

Table 2. Detection histories of King Rail broods during 2010-2012 at the Red Slough Wildlife Management Area.

Date Brood Detected

Estimated Age of the Brood (weeks)

1 2 3 4 5 6 7 8 9

27 April 2010a 6 2 2
3 June 2012a 11 4
21 April 2012a 10 2 2
23 June 2011 2
27 May 2010a 2
2 June 2011 1 1
7 June 2010 1
18 June 2010a 1
2 August 2011 4

aBroods had either a parent or chick radio-marked.

Table 3. Mean habitat characteristics ± 95% CI at brood-rearing and random sites at Red Slough Wildlife Manage-
ment Area from 21 April-20 June 2012.

Water Depth 
(cm)

% Open Water or 
Exposed Soil

%  
Short Emergent

% 
 Tall Emergent

#  
Woody Stems

Brood Site (n = 9) 6.2 (0.71) 20 (2.65)   7 (2.10) 61 (4.25) 3.6 (0.98)
Random Site (n = 9) 0.7 (0.29) 40 (5.47) 29 (5.25) 37 (5.06) 1.4 (0.41)
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which had shallower water (~1 cm) and an 
absence of tall emergent vegetation (~1%). 
We found that both nesting and brood-rear-
ing sites in our study area were in similar wa-
ter depths (< ~10 cm) but that our nesting 
sites had less short emergent vegetation (x       –    
= 25% cover) than compared to what was ob-
served in Missouri (> 50%; Darrah and Kre-
mentz 2011). Our brood-rearing sites did 
have a predominance of tall emergent vege-
tation (~60% cover) similar to brood-rearing 
sites in Missouri. We should note that Darrah 
and Krementz (2011) observed mean water 
depth at used nest and brood-rearing sites 
that were on average < 6 cm, thus it seems 
that King Rails are using stands that are at 
most shallowly flooded during the breeding 
season. Again, that King Rails use breeding 
areas with shallow water is consistent with 
Meanley’s (1953) and Pickens and King’s 
(2013) observation that the King Rail is a 
“damp habitat species.” Pickens and King’s 
(2014b) conclusion that the key manage-
ment issue for breeding King Rails is their 
need for some water throughout the breed-
ing season agrees with our conclusion. Con-
trary to this requirement for rails, moist soil 
management (Nelms 2007) often involves 
complete dewatering of management units 
at some point during the growing season. 
In addition, more often than not, dewater-
ing occurs around the time of brood rearing 
when both food resource availability and es-
cape from predators is paramount.

Bolenbaugh et al. (2012) hypothesized 
that King Rails require periodic habitat dis-
turbance for maintaining suitable habitat 
over time at a site. While we did not formally 
test this hypothesis, we did observe that ra-
dio-marked King Rails neither nested in nor 
moved broods to management units that 
were either burned or disked the previous 
fall or that were drained at the beginning 
of that breeding season. That habitat distur-
bance is important to King Rails at our study 
site is supported by the observation that soft 
rush can form monotypic stands within only 
3 years (R. Bastarache, pers. commun.), and 
soon thereafter black willow invades. Both 
monotypic stands and stands invaded by 
woody vegetation have been shown to deter 

King Rail use (Darrah and Krementz 2010, 
2011; Pickens and King 2012).

Meanley (1969) and Pickens and Mean-
ley (2015) remarked that no King Rails had 
been documented to double-brood unlike 
the closely related Clapper Rail for which 
double-brooding had been observed (Blan-
din 1963). While we did not document 
double-brooding, we did document that one 
telemetry marked bird successfully hatched 
and brooded one clutch and then made two 
subsequent nesting attempts that both failed. 
This is suggestive that King Rails do attempt 
to double-brood when sufficient time is avail-
able. Meanley (1969) and Pickens and Mean-
ley (2015) both reported that ample time for 
double-brooding is available to King Rails 
nesting along the Gulf of Mexico coast in the 
southern United States where the breeding 
season can span 8 months. At our study area, 
we documented the egg-laying season span-
ning about 4 months (mid-March to mid-Ju-
ly). Adding 10 days for laying and 30 days for 
brooding (Meanley 1969), the breeding sea-
son at our study site spanned early March to 
early August, which is similar to the breeding 
season documented for King Rails in Stutt-
gart, Arkansas (Meanley 1969). This breeding 
season length should allow enough time for 
double-brooding.

Darrah and Krementz (2011) estimated 
the probability of a King Rail brood surviving 
a 9-week period to fledge ranged from 0.03-
0.21 depending on when the brood hatched 
during the breeding season. Our point esti-
mate of the probability of a King Rail brood 
surviving a 9-week period to fledge was slight-
ly higher (0.29), but our 95% confidence in-
terval overlapped (0.103-0.601) the estimates 
of Darrah and Krementz (2011). That our 
brood survival to fledging estimates are so 
similar to Darrah and Krementz’s (2011) esti-
mates suggests that our estimates are not un-
reasonable despite our analytical limitations. 
We assumed all broods we detected before 9 
weeks “died” after our last contact with that 
brood and, under this assumption, our brood 
survival rate estimate should be considered 
a minimum estimate. Cooper (2008) specu-
lated that brood rearing was likely a limiting 
factor for population growth.
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In further examining both our brood 
count patterns over time and that of Dar-
rah and Krementz (2011), both studies ob-
served that the largest drop in brood size was 
around the first week after hatch. While the 
magnitude of the drop varied between the 
first and second week (Darrah and Krementz 
2011: ~4 to 2 chicks; this study: 9 to 2 chicks), 
this pattern has also been observed in other 
rallids (Bell and Cordes 1977; Eddleman 
and Conway 1998; Tyler and Green 2004). 
In coastal King Rail broods, Pickens and 
King (2013) found that the average brood 
size declined from 4.7 during weeks 1-2 to 
2.9 during weeks 3-4, hence the same pat-
tern of brood size dropping rapidly during 
early brood rearing. Clearly, the early brood-
rearing period is a time of high mortality. 
Learning what is driving this high mortality 
is an important area of research if wetland 
managers are to ameliorate this pattern.

The inland breeding King Rail popula-
tion in the midwestern United States is rare 
and declining (Cooper 2008). King Rail 
nesting efforts are low, brood sizes rapidly 
drop during the first week, and brood sur-
vival is low (Reid 1989; Pierluissi and King 
2008; Darrah and Krementz 2011; Pickens 
and King 2013). All of these breeding char-
acteristics indicate that reproductive effort 
in this population is of concern and an area 
deserving of additional research. Manage-
ment focused on nesting habitat needs and 
increasing brood survival rates is important 
for recovering the inland breeding King Rail 
population.

aCKnoWLeDGments

Funding for this study was provided by the U.S. Fish 
and Wildlife Service, University of Arkansas, and U.S. 
Geological Survey Arkansas Cooperative Fish and Wild-
life Research Unit. We thank Robert Bastarache of the 
U.S. Forest Service, Greg Allen of the U.S. Department 
of Agriculture Natural Resources Conservation Service, 
and David Arbour, Richard Beagles, Terry Stuart and 
Alan Stacey of the Oklahoma Department of Wildlife 
Conservation for all of their support and assistance. We 
thank Brad Pickens and Robert Bastarache for review-
ing an early draft of our manuscript. We also thank the 
Oklahoma State University Forest Resources Center for 
providing housing. Any use of trade, firm, or product 
names is for descriptive purposes only and does not im-

ply endorsement by the U.S. Government. This study 
was performed under the auspices of the University of 
Arkansas Institute of Animal Care and Use Commit-
tee protocols #10017 and #11029, Oklahoma scientific 
collector’s permits #4813 and #5125, and Federal bird 
banding permit #23002.

Literature CiteD

Bell, G. R. and C. L. Cordes. 1977. Ecological investiga-
tion of Common and Purple Gallinules on Lacassine 
National Wildlife Refuge, Louisiana. Proceedings of 
the Annual Conference of the Southeastern Associa-
tion of Fish and Wildlife Agencies 31: 295-299.

Blandin, W. W. 1963. Renesting and multiple brooding 
studies of marked Clapper Rails. Proceedings of the 
Annual Conference of the Southeastern Association 
of Game and Fish Commissioners 17: 60-68.

Bolenbaugh, J. R., T. Cooper, R. S. Brady, K. L. Willard 
and D. G. Krementz. 2012. Population status and 
habitat associations of the King Rail in the Midwest-
ern United States. Waterbirds 35: 535-545.

Conway, C. J. 2011. Standardized North American 
marsh bird monitoring protocol. Waterbirds 34: 
319-346.

Cooper, T. R. 2008. King Rail conservation plan. Un-
published report, U.S. Department of the Interior, 
Fish and Wildlife Service, Fort Snelling, Minnesota.

Courtwright, J. and S. E. G. Findlay. 2011. Effects of mi-
crotopography on hydrology, physiochemistry, and 
vegetation in a tidal swamp of the Hudson River. 
Wetlands. 31: 239-249.

Cowardin, L. M., V. Carter and F. C. Golet. 1979. Clas-
sification of wetlands and deepwater habitats of the 
United States. U.S. Department of the Interior, Fish 
and Wildlife Service, Technical Report FWS/OBS-
79/31, Washington, D.C.

Darrah, A. J. and D. G. Krementz. 2010. Distribution 
and habitat use of King Rails in the Illinois and 
Upper Mississippi River Valleys. Journal of Wildlife 
Management 73: 1380-1386.

Darrah, A. J. and D. G. Krementz. 2011. Habitat use of 
nesting and brood-rearing King Rails in the Illinois 
and Upper Mississippi River Valleys. Waterbirds 34: 
160-167.

Eddleman, W. R. and C. J. Conway. 1998. Clapper Rail 
(Rallus longirostris). No. 340 in The Birds of North 
America (A. Poole and F. Gill, Eds.). Academy of 
Natural Sciences, Philadelphia, Pennsylvania; Amer-
ican Ornithologists’ Union, Washington, D.C.

Eddleman, W. R., F. L. Knopf, B. Meanley, F. A. Reid and 
R. Zembal. 1988. Conservation of North American 
rallids. Wilson Bulletin 100: 458-475.

Fuertes, B., J. Garcia and J. M. Colino. 2002. Use of fish 
nets as a method to capture small Rails. Journal of 
Field Ornithology 73: 220-223.

Haramis, G. M. and G. D. Kearns. 2000. A radio trans-
mitter attachment technique for Soras. Journal of 
Field Ornithology 71: 135-139.

Hoagland, B. W. and F. Johnson. 2004. The vascular 
flora of Red Slough and Grassy Slough Wildlife 



 KinG raiL breeDinG eCoLoGy  249

Management Areas, Gulf Coast Plain, McCurtain 
County, Oklahoma. Castanea 69: 284-296.

McGowan, C. P., J. J. Millspaugh, M. R. Ryan, C. D. 
Kruse and G. Pavelka. 2009. Estimating survival of 
precocial chicks during the prefledging period us-
ing a catch-curve analysis and count-based age-class 
data. Journal of Field Ornithology 80: 79-87.

McGregor, S. P., S. H. Schweitzer, W. E. Mills and E. P. 
Wiggers. 2009. Distribution of King and Clapper 
Rails in managed impoundments and tidal marshes 
of South Carolina. Chat 73: 139-148.

Meanley, B. 1953. Nesting of the King Rail in the Arkan-
sas ricefields. Auk 70: 262-269.

Meanley, B. 1969. Natural history of the King Rail. 
North American Fauna No. 67, U.S. Department of 
the Interior, Bureau of Sport Fisheries and Wildlife, 
Washington, D.C.

Meanley, B. and A. G. Meanley. 1958. Growth and devel-
opment of the King Rail. Auk 75: 381-386.

Naugle, D. E., K. F. Higgins and S. M. Nusser. 1999. Ef-
fects of woody vegetation on prairie wetland birds. 
Canadian Field-Naturalist 113: 487-492.

Nelms, K. D. (Ed.). 2007. Wetland management for 
waterfowl handbook. Unpublished report, Missis-
sippi River Trust, U.S. Department of Agriculture, 
Natural Resources Conservation Service; U.S. De-
partment of the Interior, Fish and Wildlife Service, 
Washington, D.C.

Perkins, M., S. L. King and J. Linscombe. 2010. Effec-
tiveness of capture techniques for Rails in emergent 
marsh and agricultural wetlands. Waterbirds 33: 
376-380.

Pickens, B. A. and S. L. King. 2012. Predicting the spa-
tial distribution of King Rails in an agricultural land-
scape. Condor 114: 113-122.

Pickens, B. A. and S. L. King. 2013. Microhabitat selection, 
demography and correlates of home range size for the 
King Rail (Rallus elegans). Waterbirds 36: 319-329.

Pickens, B. A. and S. L. King. 2014a. Multiscale habi-
tat selection of wetland birds in the northern Gulf 
Coast. Estuaries and Coasts 37: 1301-1311.

Pickens, B. A. and S. L. King. 2014b. Linking multi-tem-
poral satellite imagery to coastal wetland dynamics 
and bird distribution. Ecological Modelling 285: 
1-12.

Pickens, B. A. and B. Meanly. 2015. King Rail (Rallus el-
egans). No. 3 in The Birds of North America Online 
(A. Poole, Ed.). Cornell Lab of Ornithology, Ithaca, 
New York. http://bna.birds.cornell.edu/bna/spe-
cies/003/articles/introduction, accessed 1 March 
2016.

Pierluissi, S. and S. L. King. 2008. Relative nest density, 
nest success, and site occupancy of King Rails in 
southwestern Louisiana rice fields. Waterbirds 31: 
530-540.

Reid, F. A. 1989. Differential habitat use by waterbirds 
in a managed wetland complex. Ph.D. Dissertation, 
University of Missouri, Columbia.

Rush, S. A., R. J. Cooper and M. S. Woodrey. 2007. A 
nondestructive method for estimating the age of 
Clapper Rail eggs. Journal of Field Ornithology 78: 
407-410.

Tinker, R. 2016. U.S. drought monitor. National 
Drought Mitigation Center, Lincoln, Nebraska. 
http://droughtmonitor.unl.edu/, accessed 20 Feb-
ruary 2016.

Tyler, G. A. and R. E. Green. 2004. Effects of weather 
on the survival and growth of Corncrake Crex crex 
chicks. Ibis 146: 69-76.

White, G. C. and K. P. Burnham. 1999. Program MARK: 
survival estimation from populations of marked ani-
mals. Bird Study 46 (Supplement): 120-138.

Wilson, M. D., B. D. Watts and D. F. Brinker. 2007. Status 
review of Chesapeake Bay marsh lands and breeding 
marsh birds. Waterbirds 30 (Special Publication 1): 
122-137.


