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Abstract.—The status of the White-faced Ihis (Plegadis chihi) in the Great Basin is of concern because of its small
population size and the limited and dynamic narure of its breeding habitat. We analyzed existing annual survey data
for the White-faced Ibis breeding in the Great Basin and surrounding area for 1985-1997. Methods varied among
colonies and included flight-line courts and fixed-wing aircraft and helicopter surveys. The number of White-faced
Ibis breeding pairs in the Great Basin area has nearly tripled since 1985, despite years of severe flooding and
drought at major breeding areas. This growth is reflected in both peripheral (ie., Oregon, California, Idaho) and

core (i.e., Nevada and Utah) components of the popula

illustrate the ability of the highly nomadic White-f

tion. Our data on colony dynamics in Oregon and Nevada
aced Ibis to compensate for poor conditions at traditional colony

sites by moving among colonies and rapidly colonizing newly available wetlands. We suggest that the White-faced
Ibis would benefit from a landscape mosaic of well-distribured peripheral wedands and persistent colony sites. The
nomadic nature of the White-faced Ibis and the dynamic nature of their breeding habitat necessitates that wetland
management decisions and population monitoring be conducted in a regional context. Received 30 March 1998, ac-
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The White-faced Ihis (Plegadis chihi) in
the Great Basin and surrounding area is a
Species of Management Concern (USFWS
1995) based on its small population size and
vulnerability to breeding habitat loss. Tradi-
tionally, most of the Great Basin ibis popula-
tion has bred in Utah and Nevada with
peripheral but growing colonies in Idaho,
California, and Oregon (Sharp 1985; Ryder
and Manry 1994). After apparently declining
precipitously in the 1960s and 1970s (Capen
1977), number of breeding pairs in the
Great Basin was estimated at only 7,500 in
1984 (Sharp 1985). In addition to the Great
Basin population (as defined here), small
numbers breed locally in Colorado, Wyo-
ming, Montana, North and South Dakota,

and southern Alberta, and large numbers
breed in Louisiana, Texas, Mexico, and
South America (reviewed in Ryder and Man-
ry 1994). Interchange among these sites and
Great Basin colonies has not been investigat-
ed.

In the arid Great Basin region, the White-
faced Ibis breeds in semi-permanent wet-
lands which are susceptible to naturally-oc-
curring  droughts and floods. Local
population fluctuations and colony aban-
donment reflect this vulnerability. The
White-faced Ibis apparently compensates for
wetland dynamics by moving among breed-
ing colonies and colonizing new wetlands
within and between years (e.g., Rvder 1967;
Capen 1977; Ivey et al. 1988; Hennv and Her-
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ron 1989). The nomadic nature of the

White-faced Ibis, like that of several other co-

lonial ciconiiforms, suggests that population

dynamics, distribution, and trends be moni-
tored at the regional or population scale

(e.g., Frederick er al. 1996).

The status of the Great Basin breeding
population has not been reviewed since 1984
(Sharp 1985). Increases in breeding num-
bers in Oregon, Idaho, and California dur-
ing the 1980s and 1990s suggested either
that the White-faced Ihis was increasing re-
gionally or that individuals displaced from
flooded Great Salt Lake marshes were colo-
nizing elsewhere (e.g., Ivey et al. 1988; Fol-
lansbee and Mauser 1994: Trost and Gerstell
1994). An increase in wintering numbers
also suggested a population increase (Shu-
ford et al. 1989). Recognizing the need for a
comprehensive estimate of the breeding
population, U.S. Fish and Wildlife Service
(USFWS) coordinated a regional survey of
all historic, active, and probable colony sites
in 1995. To further assess the 1985-1997 pop-
ulation trend, we compiled available annual
survey data for all known colonies to:

1. Document changes in the distribution,
abundance, and population trend of the
White-faced Ibis breeding in the Great
Basin and suwrrounding area during
1985-1997.

2. Interpret population-wide changes in
ibis distribution and abundance in rela-
tion to wetland dynamics throughout
the region.

ing, research, and conservation.

STUDY AREA AND METHODS

Annual surveys were available for Nevada, most of
Oregon, the main California colonies (Colusa National
Wildlife Refuge, Mendota Wildlife Management Area,
Lower Klamath Natonal Wildlife Refuge), and the larg-
est Idaho colony (Bear Lake National Wildlife Refuge)
(Fig. 1). Other Idaho colonies were surveyed in 1985,
1993, and 1995. Most Utah sites were well covered in
1985, 1987, 1988, and 1997, In order to interpret trends
at the state and population level, we combined esti-
mates from sites surveyed annually with those surveved
intermittently. For sites surveyed intermittently, the
missing annual estimates were assumed to follow a lin-
ear trend from one survey to the next. In Nevada, Ore-
gon, and California, where 89%, 84% and 95%,
respectively, of the population were surveyed annually,

3. Discuss implications for future monitor-

intermittenth-surveved sites have liwe influence on
shape of the overall trend. In contrast, Idaho’s vend is
based almost entirely on estimates from three vears
(only 34% of the })(f})llhui()]] was surveved annually).
The Utah trend is also based on intermittent data, and
all potential sites were not covered in each survey vear,
thus the Utah trend should be interpreted with caution.
The Utah population comprises <80% of the Great Ba-
sin population and has minimum effect on the overall
trend.

Three survey methods were used: “flight-line” (sensu
Erwin and Ogden 1980), fixed-wing aircralt, and heli-
copter surveys. Survevs were conducted during incuba-
tion when we assumed that one parent remained at the
nest while the other left 1o forage shortly after sunrise,
and both were rarelvat the nest together. During “flight-
line” counts, the observer, stationed at a distance from
the colony, counted individuals leaving the colony
shortly after sunrise. Individuals counted were assumed
to be only non-incubating parents. In contrast, fixed-
wing aircraft and helicopter surveys were flown directly
over the colony during mid-day and the incubating par-
ent was counted as it flushed from (helicopter) or re-
mained at (fixed-wing) the nest. With all methods,
number of individuals counted was interpreted as an in-
dex of the number of breeding pairs (see Discussion).
The detection rate of pairs present, L.e., ratio of individ-
uals counted to actual breeding pairs present, in this
case depends on number of parents at nests and ability
to detect those present. Neither parameter was mea-
sured in this study. Nonetheless, the index provides an
unbiased estimate of population trend as long as there
is no temporal rend in detection rate. In this study, the
opportunity for a temporal trend in the ratio was de-
creased, for example, by the consistency of survey meth-
od and effort among vears within most colonies (e.g.,
helicopter in Nevada, fixed-wing in Oregon, and flight-
line in Idaho and primary California colonies). Similar
ly, the observer was consistent within colonies among
years in Nevada, Oregon, and Idaho. It is highly unlikely
that any large or many small colonies were missed in the
states comprising U.S. Fish and Wildlife Service, Region
I (Nevada, Oregon, Idaho, California); however, in

Utah coverage of small colonies was less complete.

Nevada

Sites were surveyed annually by helicopter in mid-
May and mid-June (Neel 1996), unless noted below.
Our analyses use the mid-May estimate plus any addi-
tional colonies found during the second flight or
ground surveys, In 1991, surveys were not flown because
the lack of nesting was documented at major colonies
(Stillwater National Wildlife Refuge, Carson Lake), oth-
er historic sites were known (o be dry, and observations
during aerial waterfowl surveys indicated the lack of
nesting at others (e.g., Canvasback Gun Club). Thus,
for the purpose of this paper, Nevada was assumed to
have very few or no breeding ibis in 1991 (see also Neel
1996). A few sites surveyed formally only since 1999
were assumed to have no breeders in other vears be-
cause emergent vegetation was known to he absent
(Sleeper Mine, Rye Patch Reservoir) or anecdotal infor-
mation suggested the site was not used (Humboldt
Wildlife Management Area, Iron Point, Quinn and
Washoe Lakes). In addition, Ruby Lake National Wild-
life Refuge was surveyed annually by air (1991-1997) or
by ground counts of nests (1985-1990),
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Utah

Ground estimates of nests or breeding pairs were
available for Fish Springs National Wildlife Refuge
1985-1997, Bear River Migratory Bird Refuge 1990-
1997, Bear River Club 1995-1997, and Cutler Reservoir
1985-1988 and 1995, Surveys were not conducted at
Bear River Migratory Bird Refuge during 1986-1989 be-
cause marshes were flooded and not suitable for nest-
ing, thus we assumed that no breeding occurred (Bear
River Migratory Bird Refuge Narrative Reports). Other
Salt Lake marshes were surveved in 1985, 1987-1988,
and 1997 during aerial waterfowl surveys (Utah Division
ot Wildhfe files); however, it is possible that some colony
sites were missed. and thus totals for “other Salt Lake
marshes” may be underestimates.

Oregon, Idaho, and California o

In Ovegon, Malheur National Wildlife Refuge and
sites in Harney County were surveyed annually; those in
Lake County were surveyed in 1987, 1989, and 1995
(Ivey et al. 1988, and Malheur National Wildlife Refuge
files). Estimates were based on helicopter or fixed-wing
surveys and by ground surveys of colonies established
late in the season.

In Idaho, flightline counts were conducted at all
colonies in 19841985 (Trost 1985), 1993 (Trost and
Gerstell 1994) and 1995 (USFWS survey), and at Bear
Lake National Wildlife Refuge in all years (refuge files,
R. Sjostrom, pers. comnu.).

In California. annual flightline counts were avail-
able for Colusa National Wildlife Refuge, Finney Lake,
Mendota Wildlife Management Area, and Lower Kla-
math National Wildlife Refuge. We also attempted o
identify and compile data from all intermitiently-active
sites.

RESULTS

The number of breeding White-faced Ibis-
es in the Great Basin has nearly tripled since
1985 despite vears of severe flooding (1984-
1987) and drought (1988-1992) at major col-
onies (Fig. ‘2&.b). Breeding population size
exceeded the 1984 estimate of 7,500 breeding

pairs {(Sharp 1985) during each year of this
study. The breeding population remained rel-
atively stable from 1985-1990, dropped in
1991 due in part to drought condidons in Ne-
vada, and has increased drastically since the
drought ended (1998-1997). The overall in-
crease was reflected in growth of peripheral
(e.g., Oregon. California, 1daho) and core
(e.g., Nevada) components of the breeding
range (Fig. 2b). Although Oregon and Cali-
fornia populations increased when Nevada
and Utah populations were at their lowest
(1991-1994), they continued to grow when
Nevada and Urah recovered to pre\'ious levels
and beyond (1995-1997) (F ig. 2b).

Nevada Breeding Population Trend

From 1980-1985, White-faced Ibises in
Nevada increased steadily from 1,800 to
5,000 breeding pairs, then remained rela-
tively stable through 1990 at 3,000-4,000
pairs (Neel 1996; Table 1; Fig. 2b). In 1990,
over 70% of known nests in Nevada failed
when Carson Lake and Canvasback Club
marshes dried during chickrearing. The
population plummeted to almost no active
pairs in 1991 when these marshes remained
dry (Neel1996). Recovery began in 1993
when colonies were initiated in newly avail-
able marshes at peripheral sites (Rye Paich

. Reservoir, Iron Point on the Humboldt Riv-

er, Sleeper Goldmine, and Stillwater Nation-
al Wildlife Refuge). In 1994-1997, ibises
returned to Carson Lake and Canvasback
Club and Nevada’s breeding population in-
creased rapidly to its highest level in the last
two decades (8,000 pairs).

“a

Oregon Breeding Population Trend

Breeding White-faced Ibises in Oregon
have increased considerably since 1978 (see
also Ivey et al. 1988). Numbers increased
through 1989, were low during the drought
years of 1990-1992, and then increased dras-
tically through 1994. After declining nearly
four-fold in 1995 due to drought, the popu-
lation rebounded quickly through 1997 (Fig.
2h).

Colony dynamics suggest that large num-
bers moved among sites between years (Ta-
ble 2). Prior to 1984, most of Oregon’s ibises
occupied colonies in central Malheur Lake.
Dl,ﬁ'ing 1984-1986, flood waters displaced
ibises to remaining hardstem bulrush (Scir
pus acufus) habitats along the northern
shore. During 1987-1988, when 1,600 ibises
abandoned llOI[hCUl Malheur sites due to
drought, approximately equal numbers col-
onized the Blitzen Valley and continued to
contribute to the overall increase in Ore-
gon’s breeding population (Ivey ef al. 1988).
Similarly, after 1995 when breeding pairs de-
creased from 8,400 to 2,700 due to low water
conditions, partcularly the drving of Dia-
mond Swamp in the Blitzen Valley, ibises re-
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Figure 1. Active White-faced Ibis colonies in the Great Basin and surrounding area, 1985-1997",
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Figure 1. (Continued) Active White-faced Ibis colonies in the Great Basin and surrounding area, 1985-1997".
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"The following abbreviations used; Wildlife Management Area (WMA), National Wildlife Refuge (NWR), Water-
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bounded quickly by moving into recovered
hardstem bulrush marshes in Malheur Lake
in the following two vears.

Other between-year colony movements
did not appear related to water fluctuations
but may have been a response to self-inflict-
ed habitat degradation. In 1987-1988, 1,200
pairs colonized a small (two ha) patch of
hardstem bulrush in Knox Pond (Table 2).
Most above-ground vegetation was destroyed
during nest-building, and the bulrush clone
died. Breeders did not return in 1989; how-
ever, a similar number of nesting pairs initi-
ated new colonies at nearby Retherford Lake
and Diamond Swamp.

Idaho Breeding Population Trend

Idaho’s breeding ibis population in-
creased moderately during the past 12 years
(Fig. 2b) and the 12vear average of 4,276
breeding pairs is substantially higher than
previously recorded (between 20 and 1,500

pairs; Sharp 1985). Similarly, Bear Lake Na-
tional Wildlife Refuge colonies, which com-
prise  roughly one-third of Idaho’s
population, had approximately five times
more breeding pairs in 1985-1997 (1,504
pairs) than in 1979-1984 (268 pairs; Table 3;
Sharp 1985).
California Breeding Population Trend
Number of known breeders in California
began increasing substantially in 1988 when
a large colony was established at Lower Kla-
math National Wildlife Refuge (Fig. 2b).
The Colusa National Wildlife Refuge popu-
lation also increased during this period from
50 to 500 pairs during 1985 to 1989. Similar-
ly, the Mendota Wildlife Management Area
was recolonized in 1992, coinciding with in-
creased availability of semi-permanent wet-
lands and irrigated uplands, and the colony
continued to grow substandally through
1997.
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Small colonies active intermittently in
California since 1985 include Woodland Sug-
ar Ponds (1985 and 1988), Fairchild Swamp
(1997), Honey Lake (1993-1997), Modoc Na-
tional Wildlife Refuge (1989), Finney Lake
(1992-1993), San Luis National Wildlife Ref-
uge (1995), Tulare Lake Basin (at least 1997)
see also Ivey and Severson 1984), Kern Na-
tional Wildlife Refuge (at least 1995-1997),
and Guajome Lake (1988, 1990, 1992-1995;

Scott and Lee 1995) (Table 4),

Utah Bréeding Population Trend

Although interpretation of Utah’s trend

. is problematic because of incomplete cover-

age, the trends suggested by the data are not
unexpected. When Bear River Migratory
Bird Refuge marshes, which typically sup-
port large colonies, were unsuitable due to
floods during 1985-1992, ibises moved else-
where in Utah and perhaps other states (Ta-
ble 5). For example, Cutler Reservoir
colonies, which were not affected by the ris-
ing Salt Lake, grew considerably from 1985-
1989 and had decreased substantially by
1995 when numbers were increasing on Bear
River marshes. In 1996-1997, Utah’s popula-
tion was higher than any reported since 1977
(this study and Sharp 1985).

DISCUSSION

The breeding population of the White-
faced Ibis in the Great Basin and surround-
ing area has nearly tripled since 1985. We be-
lieve our estimates of state and regional
population trends to be largely unbiased be-
cause there was no tendency tor overall sur-
vey effort to increase or decrease
systematically during 1985-1997 in any state,
and similarly, no reason to suspect a tempo-
ral rend in detection rate over the 12-vear
period. We are primarily concerned with
population trend, did not estimate detection
rates, and thus do not attempt to estimate
breeding population size. Detection rates of
colonial waterbirds are known to vary among
methods, colonies, and other factors (e.g.,
Erwin and Ogden 1980; Erwin 1981). Fur-
ther studies on White-faced Ibis are needed
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o estimate detection rates and breeding
population size and to investigate potential
detection rate inconsistencies among vears,
Our estimate of population trend is strength-
ened by the consistency within most colonies
of survey method and effort among survey
years.

The substantial increase in the White-
faced Ibis breeding population in the Great
Rasin during our study may reflect a contin-
wicl rebound from very low population levels
in the 1960s and 1970s. Factors thought to
contribute to this increase are the banning
of DDT in the early 1970s and increased
availability of irrigated farmland for foragin:g
(Ryder and Manry 1994). However, neither
factor may be relevant to the 1985;1997 peti-~
od. For example, DDE continues to reduce
expected reproduction by as much as 20% in
« ne segments of the Great Basin breeding
population, an effect similar to that estimat-
ed for 1985-1986 (Henny and Herron 1989;
Henny 1997). Although irrigated farmland
is a favorite foraging habitat (Bray and Kle-
benow 1988) and is thought to contribute to
population growth (e.g., Trost and Gerstell
1994, Henny 1997), it is not clear that this
habitat has increased regionally since 1985

wven since the early 1960s in at least some
arens (e.g., southern Oregon; Carson River
Basin, NV). Itis likely that DDE and irrigated
farmland have opposite and confounding ef-
fects on ibis reproductive success (Henny
1997) and that their relative effects will be
difficult to determine.

The White-faced Ibis exhibits within- and
between-vear nomadism, an effective re-
~omse to the unpredictable nature of wet-
«aids in the arid west. The ability of the
White-faced Ibis and other nomadic wetland

breeders to adapt to the spatial and temporal
variability of their breeding habitat depends
on the availability of a mosaic of peripheral
wetlands and persistent colony sites (e.g,
Takekawa and Beissinger 1989; Frederick
and Ogden 1997; and Bennetts and Kitchen
19975 Such wetlands are most valuable ar a

Satial seale (e.g., multiple watersheds) such
l.h;u asingle drying or flooding event is un-
likely 1o affect all in a correlated manner
(Bennens and Kitchen 1997). We suggest
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that the Great Basin and surrounding area
comprised such a landscape during the years
of this study and allowed the White-faced Ibis
breeding population to maintain stability
and growth despite multiple years of both a
widespread flood and drought. The variable
effect of the 1984-1987 flood on colony wet-
lands is a case in point. Although the flood
destroyed Great Salt Lake marshes, it made
other locations such as Carson Lake, parts of
Malheur Lake, and the Blitzen Valley more
suitable for breeding ibises. Similarly, the
subsequent drought destroyed several colo-
ny sites but facilitated the return of marshes
at Great Salt Lake and Malheur, and led to
the drawdown and subsequent formation of
new marshes at peripheral sites (e.g., Stillwa-
ter National Wildlife Refuge and Rye Patch
Reservoir).
The ability of the White-faced Ibis to rap-
idly colonize new and periodically available
sites enhances population stability during
years when conditions are poor at traditional
sites. This nomadism is exeni'}bliﬁed by colo-
ny dynamics in Nevada and Oregon. In Neva-
da, traditional colonv sites were unavailable
due to drought in 1993 and ibises colonized
newly-formed marshes at Sleeper Goldmine,
Iron Point, and Rye Patch Reservoir. Similar-
ly, when large colonies at Malheur Lake in
Oregon were lost to a series of high and then
low water events, approximately equal num-
bers colonized the Blitzen Valley, and then
moved back to Malheur several vears later
when a major site in Blitzen Valley was lost to
drought. Studies of individuallv-marked or
transmitterecd breeders are proving invalu-
able in confirming and understanding the
processes underlying colony dynamics (e.g.,
Kelchlin 1997; M. R. Fuller, pers. comm.).
Although our data suggest the Grear Ba-
sin White-faced Ibis was able to maintain sta-
bility and growth despite several vears of
drought and flood during the past 12 years,
we have little ability to predict population re-
sponse to natural variability or water manage-
ment practices in future vears. Population
stability of nomadic species in highly variable
environments depends, in part, on duration
and spatial extent of environmental fluctua-
tions, availability of alternate wetlands when
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conditions at traditional sites are poor, and
differences in demographic parameters dur-
ing poor versus good vears (e.g., Takekawa
and Beissinger 1989; Beissinger 1995). With-
out models that incorporate such elements,
and appropriate data on which to base the
models, our ability to predict White-faced
Ibis population trends is limited.

Conservation

Nomadic species pose special manage-
ment and conservation challenges because
of the large area they occupy and their
unique population dynamics (e.g., Frederick
el al. 1996). White-faced Ibis movements and
population dynamics exemplify the ecologi-
cal connectivity among wetlands in the Great
Basin and indicate that wetand manage-
ment decisions should be made in a regional
context (see also Skagen and Knopf, 1993).
A mosaic of wetlands, at a scale that ensures
independence of water fluctuations, would
benefit White-faced Ibis population stability.
Such a mosaic would include traditional col-
ony sites as well as peripheral wetlands which
may be considered intermittently-used or
unused based on past records, but which
may be critical to long-term stability. A simi-
lar conservation strategy has been suggested
for other nomadic wetland-breeders, White
Ibis (Eudocimus albus) and Snail Kites (Ros-

trhamus sociabilis), in the southeastern Unit-

ed States (e.g., Frederick and Ogden 1997:
and Bennetts and Kitchen 1997).

Nomadic species also pose special moni-
toring challenges and research needs. Popu-
lation size, trends, distribution, and
demographic parameters should be inter-
preted and monitored at a regional scale.
Monitoring should be standardized among
colonies, include suitable but previously un-
used wetlands, and be conducted frequently
enough to ensure reasonable power to de-
tect a trend, despite inherently high annual
variation in number of breeding pairs. Rapid
population declines may occur even in rela-
tively large populations (Frederick ef al
1996). More data are needed on population
dynamics including the effects of droughts

»
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and floods on productivity at local and re-
gional scales, and within-year differences in
productivity between colony sites and habi-
tats. To identify the appropriate scale at
which to maintain a mosaic of available wet-
lands, more data are needed on breeding
dispersal (movements benveen consecutive
breeding seasons) and natal dispersal (dis-
tance from natal colony to colony of first
breeding) and their relation to the spatal
configuration of available wetlands and ac-
tive colonies. Similarly, interchange between
Great Basin colonies and those in other re-
gions should be investigated.
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