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Abstract:  We studied the habitat use and foraging behavior of white-faced ibis (Plegadis chihi) 
in areas surrounding the Market Lake and Mud Lake Wildlife Management Areas in eastern 
Idaho, the two largest breeding colonies in the state, during the 2012 breeding season. We 
combined road-based driving survey routes with a random, spatially-balanced selection of 
specific agricultural fields to survey from late April to mid-July in order to thoroughly survey a 
22km radius around both breeding colonies. We also conducted group activity and individual 
behavior assessments during this time period. We were particularly interested in gaining 
information on associations with specific crop types and irrigation (cultural) practices. Of 210 
ibis observations, we documented 89% of foraging birds in natural wetlands and agricultural 
fields not irrigated by center-pivots, even though 70% of the agricultural landscape was in 
center-pivot irrigation. Most agricultural fields used by foraging ibis were flood-irrigated and 
had standing water at the time of use. Within these agricultural landscapes, alfalfa was the most 
common crop type used by foraging birds, although we did frequently observe foraging in other 
crop types.  We also observed distinct distribution patterns around the two breeding colonies. 
Around Mud Lake most birds (~80%) were observed within a 12km radius and in all directions 
from the colony. In contrast, just over half of the birds around Market Lake were found 12-22km 
from the colony. There were consistent patterns across all observations and survey methods, 
namely that ibis used non-pivot fields (mostly flood irrigation) in a much higher frequency than 
what is available in the agricultural landscape, and that birds within the 22km radius of the 
Market Lake colony were observed almost exclusively to the south and southeast of the colony, 
reflecting the distribution of flood-irrigated agriculture in the area. The most common foraging 
distance (12-22km) around Market Lake is greater than found in existing literature, suggesting 
that the foraging habitat is limited within 12km of the colony and that the birds may need to 
travel further to find adequate foraging habitat. Over the course of this study, we also collected 
information on Franklin’s gull distribution and foraging habitat, and found similar results. The 
results in this study point to the importance of flood-irrigated agriculture, as well as natural 
wetlands, as foraging habitats for white-faced ibis and other wetland species. We suggest that, in 
addition to protection of marshes where they nest, these feeding habitats are important to 
consider in future management and conservation of wetland species like white-faced ibis.  
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INTRODUCTION 
White-faced ibis (Plegadis chihi) and Franklin’s gull (Leucophaeus pipixcan) are two species of 
colonially-breeding waterbirds known to nest in marsh habitats in Idaho. Both species are listed 
as a Species of Greatest Conservation Need (Idaho Department of Fish and Game 2005), 
partially as a result of their reliance on relatively few sites for breeding (Earnst et al. 1998) but 
also because of concerns about pesticide exposure (Capen and Leiker 1979, Steele 1984, Ryder 
and Manry 1994). Though both species were historically uncommon as breeders within Idaho 
(Taylor et al. 1989, Taylor 1992, Trost 1994), breeding colonies at Market Lake and Mud Lake 
Wildlife Management Areas in eastern Idaho became established in 1973 and 1977 (Booser 
1980), respectively, and currently comprise one of the largest breeding concentrations for both 
species throughout their range (IDFG 2005). In fact, a recent effort to inventory all western 
colonial waterbirds, coordinated by the U.S. Fish and Wildlife Service, revealed that these two 
colonies comprise about 25% of the known breeding population of white-faced ibis in the 
western United States (S. Jones, pers. comm.). This survey effort revealed that Market Lake and 
Mud Lake contained approximately 12,300 and 4,000 white-faced ibis nests, respectively. 
Though Breeding Bird Survey (BBS) data in Idaho do not show significant changes from 1966-
2004, the increases in eastern Idaho match dramatic increases for the western BBS region and all 
of the United States (Sauer et al. 2005), as well as a four-fold increase in the Great Basin 
breeding population since 1985 (Ivey et al. 2005). 
 
Both species forage and rest extensively in agricultural habitats (Bray and Klebenow 1988, 
Ryder and Manry 1994, Burger and Gochfield 2009), but the degree to which they forage in 
fields of different crops and irrigation regimes has not been quantified in Idaho. Assuming that 
preferences exist, this information could be as important for sustaining ibis and gull populations 
as protecting nesting areas. Indeed, future management will need to consider both their nesting 
marshes and agricultural feeding habitats. Bray and Klebenow (1988) used multiple surveys of a 
single driving route through a flood-irrigated agricultural landscape in Nevada and identified that 
alfalfa, clay or clay/loam soils, active (current) irrigation, larger field size, and proximity to the 
breeding colony were all important to feeding flocks of ibis. The agricultural landscape in Idaho 
is quite different than Bray and Klebenow’s study area in Nevada in the late 1980’s, in that 
Idaho’s landscape now includes a significant center-pivot component. Because of this, we 
wanted current data about which agricultural habitats are most important to the feeding ecology 
of both species. Whereas white-faced ibis feed almost exclusively on invertebrate prey found 
near the surface of the soil or in submerged vegetation (Ryder and Manry 1994), the feeding 
behavior of the Franklin’s gull is more diverse, including aerial and perch foraging, use of wet 
fields/pastures, and following behind plowing/discing activities (Burger and Gochfield 2009). 
Therefore, we determined that the white-faced ibis would be a more appropriate indicator species 
for assessing the importance of agricultural habitats and practices for foraging wetland birds. We 
designed a study to examine foraging behavior and habitat use patterns of white-faced ibis in the 
Upper Snake region of Idaho and incidentally recorded observations of gulls during the course of 
the study. 
 

STUDY AREA  
We conducted this study on private and public lands surrounding Market Lake and Mud Lake 
Wildlife Management Areas on the upper Snake River plain in eastern Idaho. In 2012, we 



8 
 

estimated 8,400 and 3,500 breeding pairs of white-faced ibis at Market Lake and Mud Lake, 
respectively. Based on Bray and Klebenow (1988), who showed that a high proportion of ibis 
foraging occurred within approximately 18km of breeding colonies (usually less than 6km) and 
to include several natural wetland areas in our surveys, we included all agricultural fields and 
wetlands within 22km of the Market Lake and Mud Lake breeding colonies (extensive overlap; 
see Figure 1). From aerial imagery, we estimate that the study area consists of approximately 
62,000 ha of agricultural land. Approximately 70% of the agricultural land was irrigated by 
center-pivot as of 2011, and 30% was in flood or sprinkler irrigation. 
 
METHODS 
We studied habitat use patterns and foraging behavior of white-faced ibis from April 23 through 
July 17, 2012. We used a two-pronged approach for surveys, combining driving survey routes 
and field-specific sampling, in order to optimize the balance between statistical rigor and 
maximum coverage of the study area. We also gathered flock activity and foraging behavior 
data. In addition, we recorded any incidental observations of ibis when traveling through the 
study area. 

Field-specific Surveys.  
Study Design: We first generated three distance bands around colonies, 6km, 12km, and 22km, 
representing short, moderate, and longer-distance commutes from Market and Mud Lake 
colonies. We then digitized and classified cultivated fields in each of the bands using aerial 
imagery and crop data from USDA, including cultural practice and crop type in 2011 (USDA 
2011). We estimated that there was almost 25,000 ha of flood-irrigated cropland within 22km of 
Market Lake WMA and slightly over 9,000 ha of flood-irrigated cropland within 22km of Mud 
Lake WMA as of 2011 (Table 1). The main difference between the two colonies, in regards to 
distribution of flooded fields, was in the 12-22km distance band. The majority (73%) of the 
flood-irrigated fields around Market Lake WMA were greater than 12km from the breeding 
colony. Within 12 km, the total acreage was similar between the two colonies.  
 
Because Bray and Klebenow (1988) found strong preference for fields over 30ha, we established 
a minimum field size of 20ha which resulted in 1690 potential agricultural fields to survey within 
the 22km perimeter. To ensure coverage throughout the entire study area, we generated a random 
sample sequence with two stratifications: distance band and cultural practice (irrigation: central 
pivot, hereafter “pivot”; or other, hereafter “non-pivot”). This design yielded six potential 
combinations (e.g., 6km pivot, 6km non-pivot, 12km pivot, etc.) and randomization of fields 
within each that ensured even samples from each category. We began by conducting an equal 
sampling effort between the two cultural practice categories during late April and early May, but 
soon found that numerous fields classified as “non-pivot” based on 2011 data had  either been 
misclassified or converted to a center-pivot irrigation system. Additionally, during early surveys 
we observed very little use of pivot fields by ibis and decided that a reduced sample size of pivot 
fields was appropriate. Thus, on May 21 we implemented a 70:30 ratio of non-pivot versus pivot 
fields for the rest of the survey season.  
 
When we encountered a field selected for sampling that was not accessible (e.g., no road/private 
property issue) or had recently changed in cultural practice (e.g., non-pivot to pivot), we 
removed this field from the sample and replaced it with the next field in the sample sequence 
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from the same category. For example, if the field was # 24 in the 6km pivot category, and we had 
picked #1 through #50 so far for the sample, we picked the next number (#51) in the 6km pivot 
category as the replacement. Six fields were replaced because of access issues, 12 were replaced 
because they were misclassified, and 15 fields (6% of non-pivot fields visited) were replaced 
because of conversion to center-pivot in the previous year.  
 
Survey Method: A single observer conducted field surveys between 30 minutes and seven hours 
after sunrise. The observer chose the best, publicly-accessible vantage point that allowed visual 
access to the largest portion of the field to be surveyed. In certain cases where visibility was very 
restricted, the observer also moved to another vantage point to ensure as much coverage as 
possible. From April 23 to May 20, observers spent 30 min at each field looking for and counting 
white-faced ibis. On May 21, when we implemented a weighted ratio to ensure sufficient 
sampling of non-pivot fields, we also reduced the survey window to 5 min; this allowed us to 
survey more fields per day. Observers then spent 5 min looking for and counting white-faced ibis 
within the field and obtained numeric estimates during the 1st and 5th minutes of the count 
period for ibis and Franklin’s gulls, if present. Observers also assessed dominant behavior of 
each species when present. We assigned birds to one of six behavior categories:  

 
 Aggression: fighting and/or displacement behavior 
 Alertness: body usually motionless but head moving, looking up and/or around for 

potential predators  
 Foraging: active pursuit of food (probing, pecking, etc.) 
 Locomotion: walking/running/flying without actively seeking food 
 Preening: actively cleaning and/or arranging feathers with bill 
 Resting: not moving, often with bill tucked in feathers; includes sunning (standing with 

wings out-stretched to the side).  
 
During each survey, we assessed crop type, approximate vegetation height, irrigation method, 
approximate water depth (if any), GPS coordinates, and weather conditions. Crop types included 
alfalfa, barley, potatoes, wheat, pasture, and “natural” (not agriculture). In cases where it was 
difficult to determine if a field was barley or wheat we used a general “grain” category. 
Observers also ground-truthed field maps to update our information on crop types. 
 
Driving Route Surveys. 
Design: We established 28 road-based survey routes and aimed to survey each route at least 
three times during the season. Regional routes were chosen systematically using public and 
navigable roads within the 22 km radius study area (Figure 1). We restricted the routes to areas 
with agriculture and/or natural wetlands and did not survey areas consisting of only desert. 
 
Survey Methods: Two observers (driver and a passenger) conducted driving survey routes at any 
time between 30 minutes after sunrise until 30 minutes before sunset and most driving routes 
took approximately two hours to complete. We tried to vary timing for each replicate of a given 
road survey route in case there were differences in activity patterns throughout the day. 
Likewise, we alternated the direction of survey for each replicate of a given road survey route. 
We drove as slowly as safely possible and searched for both ibis and gulls on either side of the 
road. We assumed that detection rates would be highest within 400m of roads, depending on 
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visual barriers, but we recorded all observations that we could observe regardless of distance. We 
only stopped if we observed target species or to more thoroughly scan possible sightings. If we 
observed these species in flight, we watched to see if they landed within view of the road. We 
recorded all on-ground observations of either species, including number of each species, GPS 
coordinates, and details of crop type, approximate vegetation height, cultural practice, water 
depth where birds were located, the dominant behavior of the flock, and any weather comments.  

 
Incidental Observations. 
When white-faced ibis were observed outside of driving routes, in fields not being observed 
during field surveys, or any other time outside of the regular surveys, they were recorded as 
incidental observations. In these cases, we documented the field number, date, time, GPS 
coordinates, crop type, approximate vegetation height, irrigation type, approximate water depth, 
and dominate behavior. 
 
White-faced Ibis Behavioral Observations. 
When white-faced ibis were observed during field or driving route surveys, we collected some 
basic foraging behavior data to help assess habitat use. We did this in two ways: (1) flock 
activity assessments and (2) individual foraging behavior observations. 
 
The goal of the flock activity assessments was to characterize the activity of ibis groups in 
different field types. This involved “instantaneous” assessments, or ‘Scan Sampling’ as 
described by Altmann (1974), of a group of ibis by counting the number of individuals engaged 
in resting, preening, foraging, locomotion, aggression, or alertness. In cases with only one flock 
of < 100 birds in view that could be easily assessed together, we conducted a single assessment. 
When a larger flock was present, we chose 2-3 different groups to assess; in these cases, we tried 
to distribute observations across the whole flock and we aimed for different group sizes.  
 
Our objective in collecting individual foraging behavior data was to examine potential 
differences in foraging behavior and success across different field types. We began by picking a 
random individual ibis and watched this individual for up to one minute. When possible, we 
recorded the number of seconds the ibis spent foraging and counted the number of certain 
foraging successes that we could observe. We also recorded the dominant behavior of the bird 
during the observation period; if the bird was foraging for > 30 secs, the dominant behavior was 
“foraging”. However, if the bird foraged for <30 secs, we recorded the dominant behavior 
appropriately (i.e., resting, preening, locomotion, aggression, or alertness). At each field, we 
continued this process until assessments for up to five individuals were completed.  
 
We examined group assessments and individual foraging behavior data for patterns relating 
group size, cultural practice, and crop type to the proportion of birds or time spent foraging. To 
ensure independence of the data, we used only the first replicate that we collected from any flock 
for both group assessments and individual foraging data.  
  

RESULTS 
Field-specific Surveys. 
We conducted 1,200 surveys at 378 different fields throughout the study area. We surveyed the 
majority of the fields (218; 58%) four times between late April and mid-July. The remaining 
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fields were surveyed once (76 fields; 20%), twice (2 fields; <1%), thrice (81 fields; 21%), and 5 
times (1 field; <1%). All 76 of the fields surveyed only once were center-pivot fields that were 
removed after we observed sparse use of center-pivot fields and adjusted our sampling strategy 
(as described in the methods). Of the 300 fields surveyed at least 3 times, 92 (31%) were 
irrigated with center-pivots and 208 (69%) were flood-irrigated, sprinkler-irrigated, or fallow. 
Fifty-five of this latter group were sprinkler-irrigated via an array of linear drive, wheeled, and 
piped ground sprinkler systems. The type of sprinkler system used was not constant throughout 
the season at all fields. 
 
We detected white-faced ibis at 42 fields during field surveys. We observed foraging behavior at 
29 of these fields (Figure 2). Of these fields, four were center-pivot irrigated, and the remaining 
25 were flood-irrigated or fallow. We did not detect any foraging ibis in sprinkler-irrigated 
fields. We also never observed birds foraging in a particular field on more than one site visit. Of 
the four center-pivot fields in which we observed foraging ibis, we observed ibis foraging in the 
center-pivot portion of the field on only one occasion (6 birds that flew in during the survey, 
while the center-pivot was running). We observed the remaining birds foraging in flooded edges 
of the field, outside the center-pivot circle. Foraging flocks ranged in size from just 3 birds to 
680 birds (average 107, median 42).  
 
We detected Franklin’s gulls at 39 fields during field surveys, and observed foraging at seven of 
these fields (Figure 3). Of these fields, twowere center-pivot irrigated, and we detected foraging 
within the center-pivot portion of the field at only one field. We observed foraging in flooded 
edges of the other field, in the company of white-faced ibis. Similar to ibis, we never observed 
gulls foraging in a particular field on more than one site visit. Only one of the fields we observed 
being used by gulls for foraging was not also used by white-faced ibis, either simultaneously (5 
of 7 fields) or at a later date (1 of 7 fields). The one field not also used by ibis was the center-
pivot field where gulls were foraging within the center-pivot portion of the field. 
 
Crop types recorded during field surveys included alfalfa, barley, wheat (spring or winter), grain 
(barley or wheat), pasture, potatoes, and corn (Table 2). Of the fields for which we could 
determine crop type, we observed ibis foraging mostly in alfalfa (17 of 29 fields; 58%). We also 
observed foraging in barley, grain (barley or wheat), pasture, and wheat. Proportion of use in 
alfalfa fields was higher than that available in the sampled fields; whereas use of wheat and 
potatoes was notably lower (Table 2).   
 
Vegetation heights varied from <1 inch to 4 feet. In fields where ibis were observed foraging, 
vegetation heights of 24 (79%) of the fields were 10 inches or less (Table 3). We observed ibis 
foraging in vegetation taller than 12 inches only twice (16” and 20”). All Franklin’s gull foraging 
observations were in vegetation less than 10 inches in height. 
  
We observed standing water up to approximately 4 inches deep within agricultural fields. We 
never observed ibis or gulls foraging in fields that were dry. Most foraging observations of ibis 
were in fields with standing water up to 2 inches deep, although they were observed foraging in 
all water depths available within flooded fields (Table 4). We also observed Franklin’s gulls 
using the full range of water depths available in flooded agricultural fields. 
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Driving Route Surveys. 
We conducted 106 surveys along 28 driving routes between late April and mid-July. We 
surveyed the majority of the routes (25; 89%) 4 times. We surveyed the remaining routes once (1 
route), twice (1 route) and thrice (1 route). During these surveys, we recorded 138 observations 
of white-faced ibis and 87 of these observations were of foraging birds (Figure 4). Similar to the 
field surveys, we observed ibis foraging in center-pivot fields infrequently (8 times), and we 
observed foraging ibis within the center-pivot circle only once (after heavy rain). The other 7 
foraging observations were of birds foraging in flooded field edges outside the center-pivot 
circle. Eighteen of the ibis foraging observations occurred in wetland habitats within Camas 
National Wildlife Refuge, Market Lake WMA, and Mud Lake WMA. The remaining 58 
observations consisted of ibis foraging in non-pivot agricultural fields. Six of these fields were 
sprinkler-irrigated (ground and wheeled). Of the fields for which we could determine the crop 
type, 24 foraging observations were in “grain”, 18 in pasture/hay, 16 in alfalfa, and 2 in corn.  
 
We recorded 90 observations of Franklin’s gulls during driving route surveys; 24 of which were 
of foraging birds (Figure 5). Similar to ibis, we observed foraging gulls in center-pivot fields 
infrequently (4 times), and we observed gulls foraging within the center-pivot circle only twice. 
The remaining two observations were of birds foraging in flooded field edges. We observed 
foraging gulls in wetland habitats only once, at Camas NWR. All other foraging observations 
were within agricultural fields. Of the fields for which we could determine crop type, eight 
foraging observations were in alfalfa, seven in pasture, and six in “grain”. 
   
Incidental Observations. 
Of 95 incidental observations of ibis in fields, 71 (75%) observations were of foraging birds and 
the rest were comprised of birds preening, resting, in alert mode, or moving across a field (Figure 
6). The majority (61/71, 86%) of incidental foraging observations were in non-pivot fields and 
six observations were in center-pivot. Of these six observations, one was within the center-pivot 
circle and five were within flooded edges outside the center-pivot circle. Of the fields for which 
we could determine the crop type, 25 foraging observations were in alfalfa, 19 in “grain”, and 12 
in pasture/hay. 
 
Of 29 incidental observations of Franklin’s gulls, 14 observations were of foraging birds (Figure 
7). Similar to ibis, most observations were in non-pivot fields, with just two observations within 
center-pivot circles and two observations in flooded corners of a center-pivot field. More than 
half (8/14; 58%) of foraging observations were within alfalfa fields, while the remaining six 
observations were in “grain” (3 fields) and pasture (2 fields). 
 
Combined Observations 
Combining survey types, we collected 210 observations of foraging white-faced ibis in the study 
area (Figure 8). Foraging “flock” sizes ranged from just single birds to 700 birds. We observed 
foraging birds predominantly in non-pivot agricultural fields (163/210; 78%), but also in wetland 
habitats (24/210; 11%), flooded edges of center-pivot fields (17/210; 8%) and within center-
pivot fields (4/210; 2%). Of 184 foraging observations in cultivated fields, alfalfa was the most 
common crop type used by observed foraging birds (67/184; 36%), but we also frequently 
observed foraging birds in “grain” (54/184; 29%), and pasture/hay (32; 17%). Of the 45 fields 
for which we had acreage information, we observed ibis foraging in fields that ranged from 8 to 
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80 ha, with an average field size of 38 ha. Overall, we recorded 83 and 127 foraging ibis 
observations within 22km of the Mud Lake and Market Lake colonies, respectively (Table 5). 
We detected foraging ibis at 10 agricultural fields in the study area on more than one occasion. 
These fields were flood-irrigated, with the exception of one field that was being irrigated by 
ground-sprinklers during one foraging observation in early July. The distribution of observations 
differed between the two colonies (Figure 8). We recorded 80% of the foraging observations 
(67/83) around Mud Lake within 12km of the colony. In contrast, approximately half of the 
foraging observations around the Market Lake colony were between 12km and 22km (65/127; 
51%). We documented the majority (50/65; 75%) of these observations south and southeast of 
the colony (Figure 8).  
 
Overall, we collected 53 foraging observations of Franklin’s gulls over the course of this study 
(Figure 9). Similar to ibis, we observed foraging gulls predominantly in non-pivot agricultural 
fields (39/53; 67%) and alfalfa (23/52 cultivated fields; 44%). The distribution of gull 
observations around both colonies was also quite similar to ibis.  However, we did encounter a 
number of gulls using fields within the 12-22km band northwest of Mud Lake WMA, where we 
recorded only one ibis observation (Figure 9).   
 
White-faced Ibis Behavioral Observations. 

Group Activity Assessments. In 55 independent group activity observations (first assessment at 
each unique site/date combo) with at least five birds present, we observed 3007 birds, with an 
average of 54.7 birds in each group observed. Of these, 1855 were foraging, followed by 
locomotion (n=598), resting/sunning (245), preening (163), alertness (140), and aggression (6). 
Foraging birds comprised an average of 67.8% of all groups. Of 47 observations in which 
cultural practice was known, three were in center-pivot, six in natural wetland, and 38 in non-
pivot fields; all three observations in center-pivot were actually in a flood irrigated corner. We 
observed that 71.4% of birds in non-pivot fields, 72.9% of birds in flooded corners of center-
pivot fields, and 52.4% of birds in natural wetlands were foraging. Of 39 observations in which 
crop type could be assessed with certainty, 22 were in alfalfa, 14 were in grain (four in wheat, 
seven in barley, and three in “uncertain grain”), and three were in a pasture. We observed that 
75.8% of birds in alfalfa and 71.4% of birds in grain (barley and wheat combined) were foraging. 

We found that non-pivot fields averaged 122.8 birds/group (n=38) whereas flooded corners of 
center-pivot fields averaged 116.3 birds/group (n=3). When looking at group size by crop 
type/habitat, we found the highest flock size in alfalfa (161.5, n=22), followed by grain (78.3, 
n=14; barley = 82.6, n=7; wheat: 37.3, n=4), and natural wetland (30.5, n=6). We did not find an 
obvious relationship between group size and the proportion of the group engaged in foraging or 
alertness/resting behavior (Table 6).  

Individual Foraging Behavior. Of the 23 first observations at any site/date combination, we 
observed foraging behavior in 21 of the 60-sec observations and foraging was the dominant 
behavior in 17 of the 23 observations (locomotion 2, preening 2, resting 1, alertness 1). Of the 16 
observations in which foraging success could be determined with certainty, 13 birds were 
observed to have captured food. The average bird spent 43.34 of the 60 seconds foraging. The 15 
individuals in alfalfa averaged 41.5 of 60 seconds foraging, the six (6) birds in grain (five in 
barley, one in spring wheat) averaged 42.5 seconds foraging, and the two birds in pasture both 
foraged for the entire 60 seconds. The twenty ibis observed foraging in non-pivot fields averaged 
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43.75 out of 60 seconds foraging and the three birds in center-pivot fields averaged 40.67 
seconds foraging. Sample size is small but two of the three birds in center-pivot fields were 
actually observed foraging in flooded corners and the individual actually within the center-pivot 
only spent 10 seconds foraging. There were no obvious patterns relating group size and the 

foraging whereas birds in groups > 50 averaged 42.9 seconds of foraging. 

Species of Greatest Conservation Need 
Over the course of this study, we detected 17 Species of Greatest Conservation Need (SGCN), in 
addition to white-faced ibis and Franklin’s gull (Table 7). Ten of these species are strongly tied 
to wetlands and wetland habitats, such as the black-necked stilt, while the remaining seven are 
upland species. These upland species are predominantly raptors, which make frequent use of 
agricultural landscapes. In addition to SGCN species, during the course of our surveys we also 
observed numerous other migratory waterfowl and shorebird species utilizing flooded portions of 
agricultural fields; thus, these habitats likely serve as stopover habitats for migrants in addition to 
providing habitat for locally breeding birds.  
 

DISCUSSION 
This study generated novel data on the spatial distribution and habitat use patterns of white-faced 
ibis and, to a lesser degree, Franklin’s gull, that were foraging from breeding colonies. There 
were consistent patterns across all observations and survey methods, namely that ibis used non-
pivot fields (mostly flood irrigation) in a much higher frequency than what is available in the 
agricultural landscape, and that birds within the 22km radius of the Market Lake colony were 
observed almost exclusively to the south and southeast of the colony, reflecting the distribution 
of flood-irrigated agriculture in the area.  
 
In examining use versus availability, we found that cultural practice was more important than 
crop type in determining ibis presence. Although non-pivot fields make up only 30% of the 
cultivated fields in the study area, we found that 89% of foraging ibis observations occurred in 
non-pivot fields. Within field surveys, where we could assess both use and availability, it appears 
that although ibis foraged in alfalfa fields in greater proportion than what was available (58% vs. 
38%), they also readily used other crop types, such as barely, grain (wheat or barley), and 
pasture. In contrast, Bray and Klebenow (1988) observed ibis using alfalfa fields 86 -100% of 
the time in Utah and concluded that ibis had a strong preference for alfalfa. Availability of alfalfa 
in their study area was higher (68-79%) than what we observed in our study area, and perhaps 
they found a strong association with alfalfa because the relatively low availability of other crop 
types influenced the likelihood of encountering birds on these fields. Of note, we never observed 
ibis foraging in potato fields during our study. As 6% of the fields within the field survey sample 
were in potatoes, this may indicate a lack of available invertebrate prey in these kinds of fields.   
 
Although a higher proportion of group assessments and individual foraging behavior 
observations took place in alfalfa, other aspects of these behavioral observations matched the 
survey data, especially including the proportion of birds using non-pivot fields. Interestingly, 
observed group size was larger on average in non-pivot fields. Amat and Rilla (1994) noted a 
similar pattern on the wintering grounds, between wetland and grassland habitats, where ibis 
foraged in larger flocks in wetlands.  They speculated that the birds were aggregating in large 
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numbers where prey was either very abundant or easily accessible. As standing water is known 
to bring ibis prey to the surface (Bray and Klebenow 1988), the larger flock sizes may be an 
additional indicator of the greater foraging potential in non-pivot fields. Although we expected 
there might be a relationship between group size and foraging behavior, especially as it pertains 
to vigilance, we did not see any clear patterns. In fact, we observed that group sizes less than 20 
and from 51-100 showed a higher percent of birds foraging than groups 21-50 and over 100. 
 
Our observations of water depth associations further support the reliance of ibis on agricultural 
habitats with standing water, which may serve as a surrogate for natural wetlands that provide 
cover and habitat for prey (Safran et al. 2000).  In particular, ibis seemed to prefer standing water 
of 1-2” in fields (more than would normally be present from sprinkler-irrigated agriculture), 
whereas Franklin’s gulls did not show an obvious preference (other than some water present). 
We also observed an apparent preference by both species for lower vegetation heights. However, 
in several cases we detected ibis in taller vegetation when a group flushed. Thus, the observation 
that relatively few ibis were detected in vegetation higher than 12” may be biased because it 
would be more difficult to detect them unless they flush.  
 
Throughout the course of this study, we observed ibis foraging in the same fields only a handful 
of times. Because a flooded field is only likely to be suitable foraging habitat for a few days as 
standing water is absorbed (Bray and Klebenow 1988), ibis need to shift their foraging locations 
frequently throughout the breeding season, keying in on recently flooded fields. This indicates 
the importance of having a mosaic of flooded fields available within 22km of a breeding colony.  

The distribution of foraging birds differed around the two breeding colonies. Whereas birds were 
observed in agricultural areas in all expected directions and distances around Mud Lake, we 
observed an unusual distribution around Market Lake. Specifically, we observed a higher 
proportion of ibis in the 12-22km band around Market Lake than Mud Lake and almost all of 
these were concentrated to the east and southeast, with the remainder concentrated around Camas 
NWR. Our observations of flying flocks in the morning and evening (leaving and returning to 
Market Lake) confirmed that most birds were flying in generally southeast or northwest 
directions. Thus, many birds were foraging notably further from the colony than would be 
expected, or can be found in the literature. As there are no other known nesting colonies in the 
vicinity, the birds observed greater than 12km from the Market Lake colony are not coming from 
another nesting colony. Unless there is a large non-breeding foraging community in the area, 
these are most likely breeding birds from Market Lake WMA.  
 
This pattern could suggest that foraging habitat is limited within 12km of the breeding colony 
and that birds need to travel further to find adequate foraging habitat. However, this idea is 
countered by the fact that the amount of flooded agriculture around Market Lake is slightly 
higher than that around Mud Lake. On the other hand, because Market Lake is a much larger 
breeding colony than Mud Lake, this may mean that the amount of foraging area needed by such 
a large colony is greater than what is currently available within 12km.  
 
We observed very similar distribution and habitat use patterns between white-faced ibis and 
Franklin’s gulls, even though Franklin’s gulls would seem to be less reliant on specific 
agricultural practices than ibis. They are known to feed both on the ground and on the wing 
(Burger and Gochfield 2009), and unlike ibis who are only known to intentionally ingest animal 
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foods, Franklin’s gulls have been observed consuming seeds and grain during spring (Cottam 
1944, Burger 1974,  Burger and Gochfield 2009). The similar patterns we found between the two 
species suggests that ibis may indeed be good indicators of the importance of particular 
agricultural landscapes to foraging wetland species. White-faced ibis are unpopular in Utah and 
Nevada because of perceived damage to crops (Ryder and Manry 1994). In addition, Alcorn 
(1988) documented flattening of alfalfa crops that made haying difficult. During our time in the 
field in 2012, we never heard farmers complain about gulls yet many expressed concern about 
ibis consuming grain and/or flattening their hay crops.  
 
Finally, in ground-truthing fields we observed a six percent conversion from non-pivot to center-
pivots since 2011, based on aerial imagery, which equates to an estimated loss of 60 fields and 
1100 ha of flood-irrigated cropland between 2011 and 2012. If this is representative of a typical 
yearly rate of conversion, we could anticipate losing half of the current flood-irrigated acreage 
within the study area in the next 10 years to center-pivot conversion alone. Combined with 
additional threats of agricultural landscape change, such as subdivision development, the impacts 
to foraging aquatic birds in the Market Lake/Mud Lake area could be substantial. At the same 
time, breeding colony surveys at Market and Mud Lake showed a notable decline in the breeding 
population of both white-faced ibis and Franklin’s gulls from 2010 to 2012, including a 27% 
drop in breeding ibis and 58% drop in breeding Franklin’s gulls. Because both species are known 
to be nomadic and parts of the population could have shifted to other colonies to take advantage 
of favorable habitat conditions elsewhere, it’s hard to say what caused these declines. However, 
changes in foraging conditions, given the rate of conversion we witnessed in 2012, may also be 
impacting these colonies. Therefore, these colonies should continue to be monitored to ensure 
that the breeding population does not continue to decline. 

Recommendations 

 Maintain at least current levels of flood irrigated fields within 6, 12, and 22 km of these 
colonies 

 Maintain natural wetlands with emergent vegetation, and restore or create additional 
wetlands where feasible and appropriate, with particular focus on habitat within 12km of 
the colonies 

 Educate public about ecological roles of ibis and gulls, including clarification that ibis do 
not consume crop seeds 

 Continue to monitor rate of conversion to center-pivot 
 Continue to monitor breeding populations of both species at Market Lake and Mud Lake 
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Table 1. Estimated number of fields and hectares in center-pivot and non-pivot* within 6km, 12km, and 22km of the Market Lake 
and Mud Lake colonies based on 2011 aerial imagery. 

  
6km 

 
12km 

 
22km 

 
NP CP   NP CP   NP CP 

 
# ha # ha   # ha # ha   # ha # ha 

Market Lake WMA 81 2354 4 187 
 

239 4140 116 6295 
 

1028 18352 851 41168 
Mud Lake WMA 63 1860 105 5704 

 
215 5180 252 13882 

 
157 2254 392 20200 

Total 144 4214 109 5891 
 

454 9320 368 20177 
 

1023 18343 843 43329 
* includes sprinkler irrigation.  

              
 
 

Table 2. Of fields for which crop type could be determined during field 
surveys, percentage of ibis foraging observations in each crop type and 
percentage of fields available in each crop type within sampled fields. 

  
  

% usage 
 (n=29) 

% available 
 (n=378) 

Alfalfa 58 38 
Barley 14 16 
Wheat 3 13 
Grain 1 13 

Potatoes 0 6 
Corn 0 1 

Pasture 7 6 
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Table 3. Number of fields, by vegetation height, in which 
foraging ibis or gulls were observed during field surveys. 

 
Vegetation Height  

 
<5" 5-10" 10-20" 

WFIB 11 12 6 
FRGU 5 2 0 

Table 5. Number of foraging observations of white-faced ibis within 
6km, 12km, and 22km of the Mud Lake WMA and Market Lake WMA 
breeding colonies, 2012. 

 
Distance Band 

   0-6km 6-12km 12-22km Total 
Mud Lake WMA 16 51 16 83 

Market Lake WMA 21 41 65 127 
Total 37 92 81 

 

Table 4. Number of fields, by water depth, in which foraging ibis or 
gulls were observed during field surveys. 

 
Water Depth 

 
Wet <1" 1-2" 2-3" 3-4" Unknown 

WFIB 4 4 10 1 2 8 
FRGU 2 1 2 1 1 1 



21 
 

 
  

Table 6. Proportion of foraging, alertness, or resting birds in relation to group 
size. 

 
Behavior  

Group size (n) Foraging Alertness Alertness and Resting 
5-20 (17) 71.3% 1.1% 15.2% 

21-50 (13) 57.7% 9.7% 11.6% 
51-100 (11) 80.2% 2.3% 5.3% 

> 100 (14) 63.1% 9.9% 19.4% 

Table 7. Species of Greatest Conservation Need, in addition to white-
faced ibis and Franklin's gull, detected over the course of this study, 
2012. 

Wetland-Associated Upland-Associated 
American avocet Bald eagle 
American white pelican Brewer's sparrow 
Black-crowned night-heron Ferruginous hawk 
Black-necked stilt Peregrine falcon 
California gull Sage thrasher 
Forster's tern Short-eared owl 
Long-billed curlew Swainson's hawk 
Lesser scaup 

 Sandhill crane 
 Western grebe   
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Figure 1. 2012 White-faced Ibis study area in eastern Idaho. The concentric circles, centered on 
Market Lake WMA (southeast) and Mud Lake WMA, represent 6km, 12km, and 22km distance 
bands around the two breeding colonies. Yellow polygons represent agricultural fields sampled 
for field surveys. Red lines denote driving survey routes. 
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Figure 2. Observations of foraging (red) and non-foraging (black) white-faced ibis during field-
specific surveys around the Market Lake WMA and Mud Lake WMA colonies, 2012. The 
concentric circles represent 6km, 12km, and 22km distance bands around the two colonies. 
Yellow polygons represent agricultural fields sampled for field surveys. 
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Figure 3. Observations of foraging (red) and non-foraging (black) Franklin’s gulls during field-
specific surveys around the Market Lake WMA and Mud Lake WMA colonies, 2012. The 
concentric circles represent 6km, 12km, and 22km distance bands around the two colonies. 
Yellow polygons represent agricultural fields sampled for field surveys. 
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Figure 4. Observations of foraging (red) and non-foraging (black) white-faced ibis during 
driving route surveys around the Market Lake WMA and Mud Lake WMA colonies, 2012. The 
concentric circles represent 6km, 12km, and 22km distance bands around the two colonies. Red 
lines denote driving survey routes. 
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Figure 5. Observations of foraging (red) and non-foraging (black) Franklin’s gulls during 
driving route surveys around the Market Lake WMA and Mud Lake WMA colonies, 2012. The 
concentric circles represent 6km, 12km, and 22km distance bands around the two colonies. Red 
lines denote driving survey routes. 
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Figure 6. Incidental observations of foraging (red) and non-foraging (black) white-faced ibis 
around the Market Lake WMA and Mud Lake WMA colonies, 2012. The concentric circles 
represent 6km, 12km, and 22km distance bands around the two colonies.  
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Figure 7. Incidental observations of foraging (red) and non-foraging (black) Franklin’s gulls 
around the Market Lake WMA and Mud Lake WMA colonies, 2012. The concentric circles 
represent 6km, 12km, and 22km distance bands around the two colonies.   
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Figure 8. All observations of foraging (red) and non-foraging (black) white-faced ibis around the 
Market Lake WMA and Mud Lake WMA colonies, 2012. The concentric circles represent 6km, 
12km, and 22km distance bands around the two colonies. The green polygons represent IDFG 
WMA properties. 
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Figure 9. All observations of foraging (red) and non-foraging (black) Franklin’s gulls around the 
Market Lake WMA and Mud Lake WMA colonies, 2012. The concentric circles represent 6km, 
12km, and 22km distance bands around the two colonies.  
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