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California black rails depend on irrigation-fed
wetlands in the Sierra Nevada foothills
by Orien M.W. Richmond, Stephanie K. Chen,
Benjamin B. Risk, Jerry Tecklin and Steven
R. Beissinger

After California black rails were
discovered at the UC Sierra Foothill
Research and Extension Center in
1994, an extensive population of this
rare, secretive marsh bird was found
inhabiting palustrine emergent persistent (PEM1) wetlands throughout
the northern Sierra Nevada foothills.
We inventoried a variety of PEM1
wetlands to determine which habitats would likely support black rails.
Black rails were positively associated
with larger PEM1 wetlands that had
flowing water, dense vegetation and
irrigation water as a primary source;
they were negatively associated

Over the past decade, the threatened, secretive California black rail has been found at more
than 160 wetlands in the Sierra Nevada foothills.

T

he rare, secretive California black
rail depends on emergent wetland
water regimes. Recommendations
habitats for all stages of its life cycle. It
for managing black rail habitat in
is the smallest rail in North America
the northern Sierra foothills include
and has a patchy and poorly understood distribution. In western North
prioritizing the conservation of
America, it is found in saltwater, brackPEM1 wetlands with permanently or
ish and freshwater marshes along the
semipermanently flooded water rePacific coast from Bodega Bay to northgimes and shallow water zones (less west Baja California, in the the San
Francisco Bay-Delta Estuary (where it is
than 1.2 inches), especially those
most abundant), inland in small numthat are greater than 0.25 acres in
bers in the Salton Trough and along the
size; avoiding wetland vegetation
lower Colorado River, and in the northern Sierra foothills of Butte, Nevada,
removal or overgrazing, especially
during the black rail breeding season Placer and Yuba counties, where it was
recently discovered (Aigner et al. 1995;
(approximately March through July); Conway and Sulzman 2007; Eddleman
maintaining and improving wetland et al. 1994; Evens et al. 1991; Richmond
et al. 2008).
connectivity; ensuring that impacts
After California black rails (Laterallus
to black rails are considered in the
jamaicensis coturniculus) were discovenvironmental review process for
ered at the UC Sierra Foothill Research
development projects; and integrat- and Extension Center (SFREC) in
ing management guidelines for black 1994 (Aigner et al. 1995), an extensive
search for this species — which is on
rails into existing wetland conserva- California’s list of threatened spetion programs.
cies (CDFG 2008) — was carried out
with fringe wetlands and seasonal

throughout the Sacramento Valley and
Sierra foothills. While information on
the foothill population’s distribution
has been published (Richmond et al.
2008), a detailed description of the habitats occupied by black rails in the foothills is lacking.
Study area and data collection

Little information is available for the
state’s small (< 25 acres [< 10 hectares]),
inland, palustrine emergent persistent
(PEM1) wetlands (Cowardin et al. 1979).
Also known as marshes or fens, PEM1
wetlands are nontidal and dominated
by perennial, erect, rooted, herbaceous
hydrophytes (plants able to grow in
water or on a substrate that is at least
periodically deficient in oxygen due to
flooding, excluding mosses and lichens)
that normally remain standing from
the end of one growing season until the
beginning of the next (Cowardin et al.
1979).
We surveyed a network of 228 PEM1
wetlands spanning approximately 400
square miles (1,036 square kilometers) in
Butte, Nevada and Yuba counties in the
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Fig 1. Distribution of surveyed palustrine emergent (PeM1) wetlands and irrigation canals in the
northern Sierra Nevada foothills.

northern Sierra foothills, from 2002 to
2008 (fig. 1). The region’s Mediterranean
climate is characterized by hot, dry
summers and cool, wet winters with
an average annual precipitation of approximately 30 inches (76 centimeters),
with approximately 90% falling between
October and March (Lewis et al. 2000).
We identified candidate PEM1 wetlands
in the foothills using U.S. Geological
Survey (USGS) topographic quad maps,
aerial photographs and U.S. Fish and
Wildlife Service National Wetland
Inventory maps; we also encountered
many sites during field surveys.
We focused on wetlands from 50
to 3,000 feet in elevation with water
regimes (temporal patterns of water
flow) consistent with previous descriptions of rail habitat, including those
that appeared to be permanently, semipermanently and seasonally flooded,
intermittently exposed, and saturated.
We also surveyed wetlands with water
regimes that were less likely to support
black rails, including ones that were
86

temporarily and intermittently flooded
(Cowardin et al. 1979).
Wetland mapping. We mapped all
surveyed wetlands in the field using a
backpack Trimble Pro XR GPS (global
positioning system) receiver and TDC1
Asset Surveyor data collector. We delineated wetland boundaries by including
all areas that appeared permanently or
seasonally flooded with shallow water
depths where hydrophytes composed
more than 50% of the vegetation. We
focused our mapping and analysis on
vegetated wetland zones and excluded
areas of open water, because black rails
are not known to use open-water habitats. We obtained geospatial data on irrigation canals from the USGS National
Hydrography Dataset (http://nhd.usgs.
gov/data.html). We attempted to survey
all PEM1 wetlands identified in our
study area, but were sometimes unable
to access sites on private lands.
Habitat assessment. We conducted
habitat assessments between June 1
and Aug. 31 from 2002 to 2008 and
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recorded water source, geomorphic
setting, evidence of a seasonal water
regime, and hydrological conditions
at each wetland. We visually determined the primary water source at each
wetland as irrigation canal, rainfall,
spring or stream. In some cases, flows
or downslope seepage from irrigation
canals augmented natural stream or
spring flows. We considered a wetland
to be primarily stream-fed if it was situated along a stream channel, and primarily spring-fed if it received most of
its water from subsurface sources.
Hydrology. We assigned each wetland to one of four geomorphic setting
categories: (1) slope wetlands formed
by the discharge of water to the surface
on sloping land, (2) depressional wetlands situated in local depressions with
closed elevation contours, (3) fluvial
wetlands situated along stream channels and (4) fringe wetlands bordering
water bodies such as ponds, lakes or
rice fields (see page 91). We recorded
whether sites exhibited evidence of a
seasonal water regime — indicating
that they might become dry for at least
a part of the year — by noting dried
portions of sites, dead or stressed hydrophytic vegetation, encroachment of
upland vegetation, or reduced water
levels that exposed bare mud. We assessed the presence of flowing water,
standing water, saturated mud and firm
mud. A “wettest hydrology rating” was
determined for each wetland according
to the following sequence: flowing water,
standing water, saturated mud, firm mud
and dry. For example, a wetland that had
standing water, saturated mud and firm
mud present would have a wettest hydrology rating of standing water.
To examine relationships between
annual rainfall and wetland hydrological characteristics, we obtained
precipitation data from California
Irrigation Management Information
System (CIMIS) station 84 in Browns
Valley, Calif., which was situated in the
central part of the study area (www.
cimis.water.ca.gov).
Plant species. We collected data on
plant species diversity in 2007 at a subset of 20 PEM1 wetlands ranging in size
from 0.7 to 3.2 acres (0.3 to 1.3 hectares).
Within each wetland we surveyed four
randomly placed 10.9-yard (10-meter)
transects and identified all plants to

mixed vegetation communities (oak
woodland, annual grassland, riparian
forest) and land uses (rangeland, agricultural, residential). Wetlands were
distributed along the western edge of
the northern Sierra Nevada foothills
(fig. 1) and ranged from 79 to 2,582 feet
(24 to 787 meters) above sea level, with
a mean elevation of 545 ± 30 feet (166
± 9 meters). PEM1 wetlands averaged
2.62 ± 0.25 acres (1.06 ± 0.10 hectares)
in size, with a positive skew (median =
1.16 acres [0.47 hectare] range = 0.02 to
23.2 acres [0.01 to 9.39 hectares]). Most

(89%) PEM1 wetlands were located
less than or equal to 547 yards (500
meters) from irrigation canals (fig. 1).
Most (63%) PEM1 wetlands were on
private lands, while 37% were on public
lands including Beale Air Force Base,
Daugherty Hill Wildlife Area, SFREC
and Spenceville Wildlife Area.
Hydrological features

Irrigation water was the most common water source for the PEM1 wetlands that were surveyed, with 68% of
wetlands primarily fed by irrigation
B, E, G, Keir Morse; C, Joseph A. Marcus

genus or species that touched a vertical
pole held at ten 3.3-foot (1-meter) intervals along each transect.
We collected additional hydrological and vegetative data at randomly
sampled points at a subset of 184 PEM1
wetlands in 2008. We generated 10 random points within wetland boundaries for sites greater than 0.62 acre (0.25
hectare), eight points for sites from
0.25 to 0.62 acre (0.1 to 0.25 hectare)
and five points for sites less than 0.25
acre (0.1 hectare). At each point, we
recorded the hydrology/substrate (flowing water, standing water, saturated
mud, firm mud, dry wetland), water
depth and dominant vegetation using
nine broad vegetation groups: cattails
(Typhaceae), cutgrass (Leersia oryzoides),
forbs, hardstem bulrush (Scirpus acutus),
Himalayan blackberry (Rubus discolor),
other grasses (Poaceae), other sedges
(Cyperaceae), rushes (Juncaceae) and
willows (Salix spp.). At each point we
also measured vegetation density (or
cover) in six height strata by recording
whether or not any vegetation touched
a vertically held 3.9-foot (1.2-meter)
pole (vegetation present or absent). We
estimated vegetation heights using the
midpoint of the tallest height strata
with vegetation present at each point.
Call-playback surveys. Concurrent
with the habitat assessments, we conducted call-playback surveys between
June 1 and Aug. 31 from 2002 to 2008,
to determine black rail occupancy. We
played recorded rail vocalizations at
stations spaced 44 to 55 yards (40 to 50
meters) apart at each wetland (details in
Richmond et al. 2008). Sites were visited
up to five times in 2002 and up to three
times from 2003 to 2008 using a removal
design: in each year, we did not revisit
a site after we detected black rails. The
average probability of detecting occupancy at a site after multiple visits (three
or five) was extremely high (0.99) from
2002 to 2006 (Richmond et al. 2008).
All statistical analyses were performed using Program R (R Development Core Team 2008). Unless otherwise noted, we report means ± S.E.
Distribution of PEM1 wetlands

PEM1 wetlands in the northern
Sierra foothills were generally small
(less than 25 acres [10 hectares]), patchy
ecosystems surrounded by a matrix of

The nine most-common plant species found in 20 PEM1 wetlands in the northern Sierra foothills
were (not in order of prevalence) (A) common rush, (B) water smartweed, (C) sand spikerush, (D)
rice cutgrass, (E) Baltic rush, (F) dallis grass, (G) common spikerush, (H) cattail and (I) willowherb.
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TABLE 1. PEM1 wetlands with wettest hydrology ratings averaged across wetlands and years,
for wetlands fed primarily by irrigation water vs. nonirrigation sources*
during wetter and drier rainfall years

Wettest hydrology rating
Flowing water
Standing water
Saturated mud
Firm mud
Dry wetland

Wetter years: 2002–2006†
Drier years: 2007–2008‡
Irrigated
Not irrigated
Irrigated
Not irrigated
(n = 128)
(n = 64)
(n = 134)
(n = 68)
..............%.............. ..............%..............
72
15
9
1
4

56
35
5
0
3

73
18
3
3
3

46
41
2
3
7

* Spring, stream or rainfall.
† In wetter years (2002–2006) total September through August rainfall averaged 31.2 ± 2.4 inches (79.2 ± 6.1 centimeters).
‡ In drier years (2007–2008) total September through August rainfall averaged 16.5 ± 1.9 inches (41.9 ± 4.8 centimeters).

canals, 22% by springs, 6% by streams
and 4% by rainfall. Irrigation water is
collected from the Sierra snowpack,
stored in reservoirs, transported
through a network of canals and delivered to customers who use it mainly for
flood irrigation of pastures for livestock
grazing. Of the wetlands primarily fed
by irrigation canals, we calculated that
84% were fed by deliberate irrigation
and 16% by unintentional canal leaks.
The most common geomorphological
setting for PEM1 wetlands was slope
(47%), followed by depressional (20%),
fluvial (19%) and fringe (14%). Fringe
wetlands were typically located at
lower elevations — closer to the valley
floor — averaging 413 feet (126 meters)
above sea level, while the other wetland
types were found at higher elevations
and averaged 564 feet (172 meters)
above sea level.
Hydrological conditions in PEM1
wetlands differed significantly by
water source. Most PEM1 wetlands
(66%) had a wettest hydrology rating
of flowing water, 23% standing water,
6% saturated mud, 1% firm mud and
4% dry, averaged over the 2002 to 2008
study period. The percentage of wetlands with flowing water was higher
at irrigated sites versus nonirrigated
sites (χ2 = 27.9, df = 4, P < 0.001) (table
1). Surprisingly, the percentage of wetlands with flowing water did not differ
significantly between wetter and drier
years at both irrigated (χ2 = 6.6, df = 4,
P = 0.16) and nonirrigated (χ2 = 5.2, df =
4, P = 0.26) sites. Based on the random-

point data collected in 2008, the percent
surface area covered by the substrate/
hydrology classes in PEM1 wetlands
averaged 5% flowing surface water, 13%
standing water, 16% firm mud, 20%
saturated mud and 46% dry substrate.
PEM1 wetlands were generally shallow,
averaging 1.00 ± 0.14 inches (2.55 ± 0.35
centimeters) in water depth, with a positive skew (median = 0.20 inches [0.50
centimeter]; range = 0 to 12.4 inches [0
to 31.5 centimeters]).
About 24% of PEM1 wetlands exhibited some evidence of a seasonal water
regime between June and August 2008,
which was a relatively dry year. Of
these wetlands, about half had springs,
streams and rainfall as primary water
sources, and half had irrigation water
as the primary source. These seasonal
wetlands created a shifting patchwork
of habitats that varied both spatially
and temporally.
Plant diversity

The PEM1 wetlands were floristically diverse, both between and within
sites. We identified a total of 46 plant
species across 20 sites in 2007 (table 2).
The average number of plant species
identified at each wetland was 10.1 ± 0.8
(range = 4 to 19). The most frequent species were common rush (Juncus effusus)
and cattails (Typha latifolia, T. angustifolia
or T. domingensis, not distinguished in
the field), which occurred at 38% and
35% of the points sampled, respectively.
Four species, including dallis grass
(Paspalum dilatatum), common spikerush

Since black rails are listed as threatened by the California Department
of Fish and Game, it is important to characterize their precise habitat
requirements in this newly discovered part of their range.
88
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(Eleocharis macrostachya), willowherb
(Epilobium ciliatum) and rice cutgrass
(Leersia oryzoides) each occurred at between 5% and 10% of the points sampled, while all other species occurred at
less than 5% of the points sampled. All
species identified in the Poaceae family
were nonnative and invasive, except
for rice cutgrass. This does not come
as a surprise, given that California’s
grasslands are dominated by nonnative,
invasive species.
A few unexpected species were present, such as large periwinkle (Vinca
major), an invasive garden species, and
wild grape (Vitis californica). Himalayan
blackberry is a nonnative invasive plant
and was observed to overgrow wetlands
in some settings. The percentage of obligate wetland plants ranged from 40%
to 95%, facultative wetlands or plants
from 0% to 60%, and facultative obligate
upland plants from 0% to 37% across all
sites (USFWS 1988) (table 2). Based on the
random-point data collected from 184
PEM1 wetlands in 2008, the percent coverage by broad vegetation classes was,
on average, 26% grasses (excluding rice
cutgrass), 24% rushes, 12% cattails, 12%
sedges (excluding hardstem bulrush),
7% Himalayan blackberry, 6% forbs, 5%
hardstem bulrush, 3% willows and 1%
rice cutgrass.
Black rail use of PEM1 wetlands

Black rails typically occur in the
shallowest zones of wetland edges
where water depths are generally less
than 1.2 inches (3 centimeters) (Flores
and Eddleman 1995). In the northern
Sierra foothills, they are resident and
occupy PEM1 wetlands year-round
(Richmond et al. 2008). They construct
well-concealed nests in dense vegetation
over moist soil or very shallow water
(Eddleman et al. 1994). The breeding
season in the foothills is unknown but
extends from approximately March
through July in other California locations (Eddleman et al. 1994). The black
rail’s preferred wetland habitats have
undergone severe historical declines in
California due to habitat destruction
for agriculture, salt production and urbanization (Eddleman et al. 1994). Since
black rails are listed as threatened by
the California Department of Fish and
Game, it is important to characterize
their precise habitat requirements in this

newly discovered part of their range.
We found black rails at 158 PEM1
wetland sites during our surveys from
2002 to 2008 in the Sierra foothills.
Black rails had strong positive associations with larger PEM1 wetlands fed
by irrigation water. PEM1 wetlands
that had at least one black rail detection (mean area 3.2 ± 0.2 acres [1.3 ± 0.1

hectares]; n = 158) were significantly
larger (t-test on log-transformed data;
P < 0.001) than wetlands without black
rails (mean area 1.2 ± 0.2 acres [0.5 ± 0.1
hectare]; n = 70) from 2002 to 2008 (fig.
2). The median size of wetlands with
black rails was 1.63 acres (0.66 hectare)
compared to 0.43 acre (0.18 hectare) for
wetlands without black rails.

No significant differences were detected in elevation between wetlands
with and without rails (fig. 2). The
occurrence of black rails in PEM1 wetlands was significantly related to water
source (χ2 = 29.02, df = 3, P < 0.001) (table 3) and geomorphic setting (χ2 = 9.15,
df = 3, P < 0.05) (table 3). These patterns
were driven by the high occurrence of

TABLE 2. Plant species and occurance in 20 PEM1 wetlands of the northern Sierra foothills in 2007, and
U.S. Fish and Wildlife Service (1988) wetland indicator category

Family

Common name*

Species

Juncaceae
Typhaceae
Poaceae
Cyperaceae
Onagraceae
Poaceae
Polygonaceae
Cyperaceae
Juncaceae
Cyperaceae
Poaceae
Polygonaceae
Brassicaceae
Rosaceae
Cyperaceae
Cyperaceae
Cyperaceae
Cyperaceae

Common rush (N)
Common cattail (N), narrowleaf
cattail (N) or southern cattail (N)
Dallis grass (I)
Common spikerush (N)
Willowherb (N)
Rice cutgrass (N)
Water smartweed (N)
Sand spikerush (N)
Baltic rush (N)
Black cyperus (N)
Velvetgrass (I)
Swamp smartweed (N)
Watercress (N)
Himalayan blackberry (I)
Woolly sedge (N)
Tall flatsedge (N)
False nutsedge (N)
Hardstem bulrush (N)

Juncus effusus
Typha latifolia, T. angustifolia or T. domingensis
Paspalum dilatatum
Eleocharis macrostachya
Epilobium ciliatum
Leersia oryzoides
Polygonum punctatum
Eleocharis montevidensis
Juncus balticus
Cyperus niger
Holcus lanatus
Polygonum hydropiperoides
Rorippa nasturtium-aquaticum
Rubus discolor
Carex lanuginosa
Cyperus eragrostis
Cyperus strigosus
Scirpus acutus

Verbenaceae
Aristolochiaceae
Portulacaceae
Lamiaceae
Poaceae
Asteraceae
Lamiaceae
Vitaceae
Cyperaceae
Polygonaceae
Gentianaceae
Lamiaceae
Asteraceae
Clusiaceae
Lythraceae
Apocynaceae
Cyperaceae
Cyperaceae
Clusiaceae
Asclepiadaceae
Juncaceae
Cyperaceae
Onagraceae
Onagraceae
Poaceae
Plantaginaceae
Poaceae

Purple top vervain (I)
California pipevine (N)
Miner’s lettuce (N)
Pennyroyal (I)
Rabbitfoot grass (I)
Sneezeweed (N)
Sonoma hedgenettle (N)
California wild grape (N)
Valley sedge (N)
Curly dock (I)
Muhlenberg’s centaury (N)
American water horehound (N)
Bull thistle (I)
Klamath weed (I)
Common loosestrife (N)
Large periwinkle (I)
Field sedge (N)
Yellow flatsedge (I)
Creeping St. John’s wort (N)
Narrow leaf milkweed (N)
Taper tip rush (N)
Black sand spikerush (I)
Dense flowered boisduvalia (N)
Largeflower spike primrose (N)
Italian rye grass (I)
Ribgrass (I)
Medusahead (I)

Verbena bonariensis
Aristolochia californica
Claytonia perfoliata
Mentha pulegium
Polypogon monspeliensis
Helenium puberulum
Stachys stricta
Vitis californica
Carex barbarae
Rumex crispus
Centaurium muehlenbergii
Lycopus americanus
Cirsium vulgare
Hypericum perforatum
Lythrum californicum
Vinca major
Carex praegracilis
Cyperus flavescens
Hypericum anagalloides
Asclepias fascicularis
Juncus acuminatus
Eleocharis pachycarpa
Epilobium densiflorum
Epilobium pallidum
Lolium multiflorum
Plantago lanceolata
Taeniatherum caput-medusae

Occurrence
%
18.62
16.48

Indicator category†

7.92
5.84
5.78
5.06
4.54
4.15
3.83
3.57
2.40
2.40
2.34
2.08
1.62
1.62
1.17
0.91

FAC
OBL
FACW
OBL
OBL
FACW
OBL
FACW
FAC
OBL
OBL
FACW
OBL
FACW
FACW
OBL

0.78
0.65
0.65
0.58
0.58
0.52
0.52
0.52
0.45
0.45
0.39
0.32
0.26
0.26
0.26
0.26
0.19
0.19
0.19
0.13
0.13
0.06
0.06
0.06
0.06
0.06
0.06

FACW
UPL
FAC
OBL
FACW
FACW
FACW
FACW
FACW
FACW
FAC
OBL
FACU
FAC
OBL
UPL
FACW
OBL
OBL
FAC
OBL
OBL
OBL
FACW
FAC
FAC
UPL

OBL
OBL

* N = native; I = introduced (Calflora 2010).
† OBL = obligate wetland, plant occurs almost always (estimated probability 99%) under natural conditions in wetlands; FACW = facultative wetland, usually occurs in wetlands (estimated
probability 67%–99%), but occasionally found in nonwetlands; FAC = facultative, equally likely to occur in wetlands or nonwetlands (estimated probability 34%–66%); FACU = facultative
upland, usually occurs in nonwetlands (estimated probability 67%–99%), but occasionally found in wetlands (estimated probability 1%–33%); UPL = obligate upland, occurs in wetlands
in another region, but occurs almost always (estimated probability 99%) under natural conditions in nonwetlands in the regions specified (USFWS 1988).
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Log of wetland area (acre)
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A (2002–08)
**

3

atively associated with drier PEM1 wetlands and wetlands with evidence of a
seasonal water regime. The occurrence
of black rails in PEM1 wetlands was significantly related to the wettest hydrology rating (χ2 = 153.30, df = 6, P < 0.001)
(table 4). This pattern was primarily
driven by the high use of wetlands with
flowing water, the low use of wetlands
with standing water as the wettest hydrology rating, and the low use of dry
wetlands (table 4). Black rail occupancy
was significantly negatively associated
with wetlands that showed evidence
of a seasonal water regime (χ2 = 11.54,
df = 1, P < 0.001). While the presence of
flowing water was positively associated
with black rail occupancy, the average
surface area covered by flowing water
at wetlands with black rails was only
7%, while standing water covered 16%,
saturated mud 27%, firm mud 15% and
dry substrate 34%, based on the random
-point data collected in 2008. Water
depth at PEM1 wetlands with black
rails averaged 0.83 ± 0.15 inch (2.12 ±
0.39 centimeters).
Black rails occupied wetlands dominated by a variety of vegetation types
and were positively associated with
dense cover. Sites with black rails had a

2
1
0
–1
–2
–3
–4

Wetland elevation (100 ft.)

25

Average vegetation height (inches)

30

40

B (2002–08)

20
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5
0

C (2008)

*

35
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10
5
0

No rails
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Fig. 2. Differences in area and elevation for
wetlands in northern Sierra foothills that
had at least one black rail present from 2002
to 2008 vs. wetlands without black rails in
2008, and differences in vegetation height for
wetlands with black rails vs. wetlands without
black rails. Boxes depict lower and upper
quartiles, bold lines depict medians, whiskers
extend to the most extreme data point, which
is no more than 1.5 times the interquartile
range, and outliers are shown as open circles.
* Significant difference, t-test, P < 0.01; **
significant difference, t-test, P < 0.001.

black rails in wetlands fed primarily by
irrigation water and by the low occurrence of rails in wetlands fed primarily
by rainfall and in fringe wetlands (table
3). Black rails rarely used livestock
watering ponds (stock ponds) with narrow fringes of emergent vegetation and
mostly deep (greater than 1 foot) water;
however, seepage zones below bermed
ponds often provided suitable shallowwater conditions.
Black rails were strongly, positively
associated with flowing water and neg90

significantly lower percentage of sample
points composed of grasses, excluding
rice cutgrass (0.20 ± 0.02), compared to
sites without black rails (0.30 ± 0.02) (permutation test, t = 2.40, P < 0.05) and a significantly higher percentage of sample
points composed of rushes (0.32 ± 0.03)
compared to sites without black rails
(0.19 ± 0.02) in 2008 (permutation test,
t = 3.45, P < 0.001). Used and unused sites
did not differ significantly for the other
seven vegetation classes (table 4).
Vegetation cover was significantly
higher at PEM1 wetlands with black rails
than at wetlands without black rails for
stem hits in the following height strata: 8
to 12 inches, 12 to 20 inches, and 20 to 39
inches (fig. 3). Sites with black rails did
not have greater vegetation density near
the ground in the 0 to 4 inches and 4 to 8
inches height strata. However, our methodology may have lacked the resolution
to capture finer-scale differences, as we
only recorded whether at least one stem
touched the pole in a given height category (e.g., a point with 20 stems in the
0 to 4-inch interval was considered as
dense as a point with one stem hit in the
same stratum). Vegetation height at wetlands with black rails (22.6 ± 0.8 inches
[57.5 ± 2.1 centimeters], n = 68) averaged

A

B

C

D

PEM1 wetlands obtain water from a variety of sources in the northern Sierra foothills
including: (A) irrigation canals, (B) natural springs, (C) wetlands fed only by rainfall and (D)
streams; irrigation canals are the most common source.
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Height range (inches)
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*
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Vegetation cover (%)

Fig. 3. Differences in vegetation cover,
measured as the average percentage of
random sample points with vegetation
present, at six different height strata in
wetlands of the northern Sierra foothills
with and without black rails in 2008. Error
bars represent standard errors. * Significant
difference, permutation test, P < 0.05.

TABLE 3. PEM1 wetlands with each primary water
source and geomorphic setting category, with at
least one black rail detected from 2002–2008, and
without black rails detected

Habitat characteristics

With
black rails
(n = 158)

Without
black rails
(n = 70)

.........%.........
Primary water source
Irrigation canal
Rainfall
Spring
Stream
Geomorphic setting
Depressional
Fluvial
Fringe
Slope

78
1
18
4

47
11
31
10

22
19
9
50

16
19
24
41

TABLE 4. PEM1 wetlands with each wettest
hydrology rating category and average percentage
of sample points within a wetland for each
vegetation group, with and without black rails
detected in 2008

Habitat
characteristics

With
black rails
(n = 68)

Without
black rails
(n = 115)

.........%.........
Wettest hydrology
rating
Flowing water
Standing water
Saturated mud
Firm mud
Dry wetland
Vegetation group
Cattails
Cutgrass
Forbs
Hardstem bulrush
Himalayan blackberry
Other grasses
Other sedges
Rushes
Salix

86
13
1
0
0

60
25
2
4
9

13
1
5
5
7
20
11
32
3

12
2
6
5
7
30
13
19
3

PEM1 wetlands were situated in four geomorphological settings in the northern Sierra foothills:
(A) slope, (B) depressional, (C) fringe and (D) fluvial.

3.1 inches (7.9 centimeters) taller than at
wetlands with no black rails (19.5 ± 0.8
inches [49.6 ± 2.0 centimeters], n = 115) in
2008 (t-test, P < 0.01) (fig. 2).
Management recommendations

Habitat loss and degradation are
the primary threats to black rails
(Eddleman et al. 1994), so a comprehensive black rail management strategy
should focus on both site-level and
landscape-level factors related to habitat. Notable site-level factors affecting
occupancy by black rails include water
regime, water depth, vegetation density
and wetland size.
Water regime. Water regime is a
critical habitat factor; black rails were
most often found in wetlands with
perennial standing or flowing water
(permanently or semipermanently
flooded), although they were occasionally found in drier wetlands with seasonally flooded, intermittently exposed
or saturated water regimes (Cowardin
et al. 1979). Previous studies have highlighted the importance of stable water
levels for inland populations (Repking
and Ohmart 1977). In the Sierra foothills, irrigation water and perennial
springs and streams provide consistent
permanent or semipermanent water
sources during the driest part of the
year, from mid-April until mid-October.

Wetlands that are fed primarily by rainfall or seasonal springs or streams are
more likely to dry out as the summer
progresses. Non-irrigation-fed wetlands
had a lower proportion of flowing water
present in both wetter and drier summers than irrigation-fed wetlands (table
1). The presence of flowing water in the
summer is associated with black rail
occupancy (table 4) and may be viewed
as an indicator of wetland permanence.
We recommend that PEM1 wetlands
with permanently or semipermanently
flooded water regimes be prioritized for
conservation.
Black rails use wetland zones with
shallower water than other North
American rails (Eddleman et al. 1988),
generally less than 1.2 inches (3 centimeters) (Flores and Eddleman 1995).
Wetlands in the Sacramento Valley
that are managed for waterfowl or rice
typically lack sufficient shallow water
zones, and previous surveys indicated
that black rails were uncommon in
these habitats (Richmond et al. 2008).
Persistent shallow water conditions can
be more easily maintained on gentle
slopes rather than in depressions, since
continual downslope drainage prevents
water from pooling too deeply. The
combination of abundant semipermanent water sources (irrigation canals
and springs) and the gently sloped
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landscape of the northern Sierra foothills creates an ideal setting for such
shallow wetlands to form. A management strategy that maintains wetland
complexes with variable water levels,
including shallow (less than 1.2 inches)
water zones, is recommended. The creation of more extensive shallow water
zones at the margins of managed wetlands on the Sacramento Valley floor
should be explored.
Vegetation. Black rails depend on
dense vegetative cover, so disturbances
to wetland vegetation arising from deliberate clearing, burning or overgrazing by wildlife or livestock are potential
threats. Previous research in Arizona
found that plant species composition
was not as important for black rail habitat selection as appropriate vegetation
structure (high stem densities and canopy coverage) and substrate characteristics (Flores and Eddleman 1995). The
manual removal or burning of emergent vegetation for improved pond access or to facilitate recreation activities
(fishing, swimming, boating) could render a wetland unsuitable for black rails.
While light-to-moderate grazing appears to be compatible with occupancy
by black rails and can benefit wetlands
by stimulating increased herbaceous
plant productivity and improving water
quality (Allen-Diaz et al. 2004; Jackson
et al. 2006), our anecdotal observations
suggest that black rail occupancy declines when overgrazing substantially
reduces wetland vegetation cover. We
recommend that landowners control
livestock access to ponds and wetlands
and avoid wetland vegetation removal
or overgrazing, especially during the
black rail breeding season (approximately March to July). Fortunately, wetland vegetation appears to rebound
quickly, and a cleared or heavily grazed
site can regain dense vegetation within
a single growing season. Additional research is needed to determine the minimum vegetation cover that black rails
require for successful breeding.
Wetland area. A critical question is
the minimum wetland area required to
support a breeding pair. We found that
wetlands with at least one black rail
detection were significantly larger than
wetlands with no detections (median
area 1.6 versus 0.43 acres, respectively),
and 97% of wetlands with at least one
92

An artificial wetland created using irrigation water provides habitat for black rails at
Spenceville Wildlife Area.

black rail detection were 0.25 acre or
larger. However, we detected black
rails occupying wetlands as small as
0.040 acre (0.016 hectare), although only
temporarily. Since local rail population
size should increase with wetland area,
conservation priority should increase
with wetland size. Nevertheless, very
small wetlands (less than 0.25 acre) may
also act as “stepping stones” that could
facilitate dispersal across the landscape
(Gibbs 1993; Loehle 2007), even if they
may be too small to support breeding
pairs. Based on current knowledge, we
recommend that existing PEM1 wetlands with suitable water regimes and
shallow water zones, especially those
0.25 acre or larger, be prioritized for
conservation.
Landscape factors. Maintaining and
improving site-level habitat quality is
necessary for black rail management,
but a comprehensive strategy must also
take into consideration landscape-level
factors such as isolation, canal mainte-

nance and land-use change. Given the
sparse and patchy distribution of PEM1
wetland habitats across the foothills,
isolation of habitat patches is a potential
concern. The loss of wetlands can affect
metapopulation dynamics by reducing
the number or density of dispersing
individuals, while simultaneously increasing dispersal distances between
wetlands (Gibbs 1993). Little is known
about black rail dispersal aside from a
radiotelemetry study in Arizona where
three black rails were recorded moving
an average of 0.89 ± 0.06 mile [1.43 ± 0.09
kilometers], range = 0.75 to 1.00 mile
between breeding seasons (Flores and
Eddleman 1991).
We have noted black rails colonizing newly created wetland sites in the
foothills within one year. However, we
have also found evidence that the rate
of patch colonization decreases and the
rate of local patch extinction increases
as sites become more isolated (unpublished data). A regional management

Slicks Canyon, location of the first northern Sierra foothills black rail detection, is in the UC
Sierra Foothill Research and Extension Center.
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strategy for black rails should prevent
the isolation of wetlands and promote
the creation of new habitat to improve
connectivity. In general, sites that are
currently well connected should be
prioritized for protection and new sites,
if created, should be located close (less
than 0.6 mile [1 kilometer]) to other
occupied sites to maximize potential
dispersal opportunities. Wildlife managers have successfully created several
artificial wetlands — now used by black
rails — by maintaining semipermanent
flows of irrigation water on sloped
land at Spenceville and Daugherty Hill
wildlife areas. The speed with which
suitable habitat can be created and then
colonized by rails suggests that mitigation for wetland habitat loss from, for
example, canal lining projects, may
be effective. The lining of irrigation
canals to improve water efficiency can
adversely affect black rail habitat (Evens
et al. 1991); a balanced approach to such
projects should simultaneously address
water efficiency and wildlife habitat
needs, perhaps through a rotating
short-term water-leasing program (Peck
et al. 2004).
The ongoing replacement of ranching
with residential land uses in the Sierra
foothills (Smethurst 1999) is probably
the greatest long-term threat to black
rails because most of their habitat is
maintained by irrigation water used
for cattle ranching. PEM1 wetlands
not only provide habitat for black rails,
but also support wildlife species by
improving tailwater quality from irrigated pastures thereby reducing loads
of total suspended sediments, nitrate
and Escherichia coli (Knox et al. 2008).
Long-term protection of wetlands can
be achieved through conservation easements and voluntary programs such
as the Wetlands Reserve Program and
Conservation Reserve Program run by
the U.S. Department of Agriculture’s
Natural Resources Conservation
Service, which provide landowners with
opportunities to protect, restore and
enhance wetlands in exchange for technical and financial support. The Central
Valley Joint Venture is another important organization that brings together
conservation organizations, public
agencies and private landowners to conserve bird habitat in California’s Central
Valley. We recommend that detailed
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